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CLAIMS 

1. A method for wireless communications by a base station, comprising: determining a base 

station downlink transmit broad beam during an initial beam selection process; transmitting an 
initial physical downlink shared channel (PDSCH) transmission using the determined base 
station downlink transmit broad beam; performing beam refinement on the determined base 
station downlink transmit broad beam by detecting, by receive scanning with a plurality of base 
station uplink receive narrow beams, a physical uplink control channel (PUCCH) sent by a user 
equipment (UE) in response to the initial PDSCH transmission using a UE uplink transmit broad 
beam that is broader than each of the base station uplink receive narrow beams; and transmitting 
at least one subsequent PDSCH transmission to the UE using a base station downlink transmit 
narrow beam that is narrower than the base station downlink transmit broad beam used to 
transmit the initial PDSCH, the base station downlink transmit narrow beam being selected based 
on the beam refinement performed by the detection of the PUCCH sent by the UE.  

2. The method of claim 1, wherein the base station narrow downlink transmit beam is selected 
from a plurality of downlink transmit beams that are each narrower than the UE uplink transmit 
broad beam used by the UE to send the PUCCH.  

3. The method of claim 1, wherein the plurality of base station uplink receive narrow beams are 
at least quasi co-located (QCL) with a broader base station downlink transmit beam used by the 
base station to transmit a physical downlink control channel (PDCCH) to the UE.  

4. The method of claim 1, wherein how often the beam refinement is performed is based on at 

least one of: mobility of the UE or a time period since the UE measured channel state 
information reference signals (CSI-RS) transmitted using a base station downlink transmit beam 
used to transmit either the initial PDSCH transmission or one of the at least one subsequent 
PDSCH transmission.  

5. The method of claim 1, wherein: the base station falls back to using a broader downlink 
transmit beam than the base station downlink transmit narrow beam selected based on the beam 
refinement in response to detecting at least one of a loss of beam coherence or an error on a 
PUCCH transmitted from the UE.  

6. The method of claim 1, wherein: the base station performs the beam refinement using at least 
one antenna port also used to serve one or more other UEs when not used to perform the 
detection.  
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7. The method of claim 1, further comprising: scheduling multiple UEs for simultaneous 
PUCCH transmission.  

8. The method of claim 1, wherein the base station transmits channel state information reference 
signals (CSI-RS) using both narrow downlink transmit beams and broader downlink transmit 
beams.  

9. The method of claim 8, further comprising: receiving feedback from the UE regarding at least 
one of a rank indicator (RI) or Pre-coding Matrix Indicator (PMI), estimated by the UE based on 
the CSI-RS.  

10. The method of claim 1, further comprising: changing, based on the beam refinement, one or 
more base station downlink transmit narrow beams used for transmitting channel state 
information reference signals (CSI-RS); and providing an indication of the change to the UE.  

11. The method of claim 1, further comprising: estimating at least one of a rank indicator (RI) or 
Pre-coding Matrix Indicator (PMI), if the UE sends the PUCCH with the same ports as the UE 
uses to receive PDSCH.  

12. The method of claim 1, further comprising: signaling, to the UE, a change to the selected 
base station downlink transmit narrow beam.  

13. The method of claim 12, wherein the signaling is provided via a physical downlink control 
channel (PDCCH).  

14. A method for wireless communications by a user equipment, comprising: performing an 

initial beam selection process with a base station to enable the base station to determine a base 
station downlink transmit broad beam; receiving an initial physical downlink shared channel 
(PDSCH) transmission transmitted using the determined base station downlink transmit broad 
beam; transmitting a physical uplink control channel (PUCCH) to a base station in response to 
the initial PDSCH transmission using a UE uplink transmit broad beam that is broader than 
downlink transmit beams used by the base station to transmit PDSCH transmissions, the 
transmitted PUCCH to enable the base station to perform beam refinement on the determined 
base station downlink transmit broad beam; receiving a subsequent PDSCH transmitted by the 
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base station using a base station downlink transmit narrow beam selected based on the beam 
refinement performed by the base station using the transmitted PUCCH; receiving signaling 
indicating a change to the selected base station downlink transmit narrow beam for transmitting 
the subsequent PDSCH; and processing channel state information reference signals (CSI-RS) 
transmitted with the subsequent PDSCH based on the indicated change to the selected base 
station downlink transmit narrow beam.  

15. The method of claim 14, wherein the signaling is provided via a physical downlink control 
channel (PDCCH).  

16. The method of claim 14, wherein the UE processes channel state information reference 
signals (CSI-RS) transmitted by the base station using both narrow downlink transmit beams and 
broader downlink transmit beams.  

17. The method of claim 16, further comprising: providing feedback to the base station regarding 
at least one of a rank indicator (RI) or Pre-coding Matrix Indicator (PMI), estimated by the UE 
based on the CSI-RS.  

18. The method of claim 14, further comprising: receiving, from the base station, signaling 
indicating a change to one or more base station downlink transmit narrow beams for transmitting 
CSI-RS; and further processing CSI-RS based on the indicated change to the one or more base 
station downlink transmit narrow beams for transmitting CSI-RS.  

19. The method of claim 18, wherein further processing CSI-RS based on the indicated change to 
the one or more base station downlink transmit narrow beams for transmitting CSI-RS 
comprises: resetting one or more CSI-RS processes affected by the change to the one or more 
base station downlink transmit narrow beams for transmitting CSI-RS.  

20. An apparatus for wireless communications by a base station, comprising: means for 
determining a base station downlink transmit broad beam during an initial beam selection 
process; means for transmitting an initial physical downlink shared channel (PDSCH) 
transmission using the determined base station downlink transmit broad beam; means for 
performing beam refinement on the determined base station downlink transmit broad beam by 
detecting, by receive scanning with a plurality of base station uplink receive narrow beams, a 
physical uplink control channel (PUCCH) sent by a user equipment (UE) in response to the 
initial PDSCH transmission using a UE uplink transmit broad beam that is broader than each of 
the base station uplink receive narrow beams; and means for transmitting at least one subsequent 
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PDSCH transmission to the UE using a base station downlink transmit narrow beam that is 
narrower than the base station downlink transmit broad beam used to transmit the initial PDSCH, 
the base station downlink transmit narrow beam being selected based on the beam refinement 
performed by the detection of the PUCCH sent by the UE.  

21. An apparatus for wireless communications by a user equipment, comprising: means for 
performing an initial beam selection process with a base station to enable the base station to 
determine a base station downlink transmit broad beam; means for receiving an initial physical 
downlink shared channel (PDSCH) transmission transmitted using the determined base station 
downlink transmit broad beam; means for transmitting a physical uplink control channel 
(PUCCH) to a base station in response to the initial PDSCH transmission using a UE uplink 
transmit broad beam that is broader than downlink transmit beams used by the base station to 
transmit PDSCH transmissions, the transmitted PUCCH to enable the base station to perform 

beam refinement on the determined base station downlink transmit broad beam; means for 
receiving a subsequent PDSCH transmitted by the base station using a base station downlink 
transmit narrow beam selected based on the beam refinement performed by the base station using 
the transmitted PUCCH; means for receiving signaling indicating a change to the selected base 
station downlink transmit narrow beam for transmitting the subsequent PDSCH; and means for 
processing channel state information reference signals (CSI-RS) transmitted with the subsequent 
PDSCH based on the indicated change to the selected base station downlink narrow beam.  


