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1. Introduction
In RAN1 NR Ad-Hoc meeting and RAN1 #88 meeting, the SRS with beam sweeping has been agreed as follows: [1][2]
· For NR UL, support transmissions of SRS precoded with same and different UE Tx beams within a time duration
· Detailed FFS, including the resulting overhead, time duration (e.g., one slot), and configuration, e.g., in the following:
· Different UE Tx beam: FFS per SRS resource and/or per SRS port
· Same UE Tx beam across ports: for a given SRS resource and/or a set of SRS resources
· FFS: The SRS resources can be mapped in TDM/FDM/CDM manner.
· FFS: overhead reduction schemes such as IFDMA or larger subcarrier spacing
· FFS gNB can indicate selected SRS port/resource for UE after receiving the SRS.
In RAN1 #88b meeting, the working assumption for UL beam management has been confirmed as follows. [3]
· Confirm the WA from RAN1 AH1701 with the following update:
· NR supports at least one NW-controlled mechanism for beam management for UL transmission(s) 
· FFS the details
For the UL beam management, if reciprocity can be assumed for both TRP and UE side, the DL beam can be a reference to determine UL beam and dedicated UL beam management procedure, if defined, is used to accommodate network topology caused by beam asymmetry, e.g. different downlink and uplink beam. However if the full reciprocity cannot be assumed, the dedicated UL beam management procedures should be necessary. Thus the details UL beam management, including the channel and RS for beam management, control signalling and beam indication, should be considered to maintain a good UE-TRP beam pair. In this contribution, we provide our view on the UL beam management if the full reciprocity cannot be assumed. 
2. Discussion
The beam correspondence has been agreed to be the UE’s capability. For the UEs with beam correspondence, the UE could directly reuse the DL Rx beam to be the UL Tx beam. However for those without beam correspondence, some beam sweeping operation should be used to help the UE to determine the best UL Tx beam. Further in the gNB side, without beam correspondence, the gNB cannot easily determine which beam to be used to receive the UL signal. Hence the UL beam management should be supported for the case when partial or no beam correspondence can be guaranteed. Whether the beam correspondence can be assumed in gNB side should also be known by the UE. Then with beam correspondence in gNB side, the UE does not need to transmit the signal, e.g. PRACH, with multiple repetitions for initial beam acquisition. For the following sections, we will discuss the UL beam management when no beam correspondence can be confirmed.
2.1 Channel and RS for UL Beam Management
There can be the following UL channel or signals that uses beam sweeping:
· PRACH 
· Beam/link recovery signal (PUCCH/PRACH)
· SRS
For UL beam management, all the channel or signal with beam sweeping can be the candidate tools to use. The PRACH with beam sweeping can help the UE to find out an initial UL Beam Pair Link (BPL). For the beam/link recovery signal, which can be multiplexed with the PRACH in FDM or TDM manner, can also allow the beam sweeping. In [5], we proposed to consider the beam/link recovery signal to be one format of PUCCH. In the following part, we will call it as PUCCH or PUCCH for beam recovery. The resources for beam sweeping using PRACH and PUCCH can be cell-specific. For SRS, since it can be triggered in aperiodic and UE specific manner, the resources for beam sweeping using SRS can be UE specific. Hence PRACH, PUCCH/PRACH for beam recovery and SRS with beam sweeping should be taken into account for UL beam management.
The PRACH can be used for the beam management for asynchronized UEs. The PUCCH for beam recovery and SRS can be used for synchronized UEs. For both, gNB shall configure resources. Since the PUCCH for beam recovery resources are shared by all UEs in the cell, the configuration should be done cell-specific manner. On the contrary, SRS with beam sweeping can be configured UE specific manner.
SRS with beam sweeping overhead could be one issue when the number of connected UEs is high. Hence the SRS overhead reduction scheme should be considered. The SRS structure for UL beam management has been discussed in [5], where the IFDMA based or larger subcarrier spacing based reference signal can help to create multiple repetitions with limited overhead. The structures are shown in Figure A-1 and Figure A-2 in the Appendix.
With IFDMA, different repetition factor (RPF) could be configured for SRS. With the RPF>1, the UE could sweep more than one UE Tx beams within one SRS symbol. As shown in Figure 1, with RPF = 2, the UE could sweep two UE Tx beams in one symbol. And with RPF = 4, the UE could sweep four UE Tx beams within one symbol. Thus the overhead and sweeping latency could be reduced with configurable RPF for SRS.


[bookmark: _Ref485199527]Figure 1  Example of Configurable RPF for SRS
With the help of the IFDMA based SRS or larger subcarrier spacing based SRS, the UL beam management U-2 and U-3 can be done independently or jointly. In order to jointly refine the Tx and Rx beam, some repetitions may need to be grouped. Here we define that one repetition group is used for the Rx beam refinement for a given Tx beam. The number of repetitions within one repetition group should be known for both TRP and UE. Then the TRP can try different Rx beams within one repetition group, and the UE maintains a certain Tx beam within group. UE Tx beam sweep can be done by multiple repetition groups. In [7], some simulation results have shown that the performance of both larger subcarrier spacing based and IFDMA based structure are closed to that of normal subcarrier based structure. Therefore the larger subcarrier spacing based or IFDMA based SRS structure should be supported to save the overhead.
Proposal 1: NR supports PRACH, PUCCH/PRACH for beam recovery and SRS with beam sweeping for UL beam management.
Proposal 2: NR supports configurable RPF for SRS to reduce overhead and latency for beam management, and using a larger subcarrier spacing for SRS should also be considered.
2.2 Control Signaling
For UL beam management U-2, it is used to refine the TRP Rx beam. The UE transmits RSs using one particular Tx beam with repetitions and the TRP performs Rx beam sweeping. If there are multiple beam pair links (BPLs) maintained between the TRP and the UE, the TRP should indicate the link index or the UE’s Tx beam index, which can be used to for the U2.
After receiving RSs in U-2, the TRP triggers a DL measurement if the new refined Rx beam is not the same as current Rx beam. It is because the change of UL Rx beam could have impact on the UL power control. With the new DL measurement, the UE updates power control related information such as coupling loss measurement. In RAN1 #88 meeting, it has been agreed that beam specific power control can be supported [2]. Thus the gNB may provide beam specific power control information, e.g. BPL index, to assist the UE to form a proper Tx beam with power. Figure 2 illustrates one example for the U-2 procedure. 


[bookmark: _Ref485199616]Figure 2: Procedure for U-2
For UL beam management U-3, it is used to refine the UE Tx beam. The TRP could use one Rx beam to receive different Tx beams. After U-3, the TRP should inform the UE which Tx beam is the best so that the UE could know which Tx beam should be used after the refinement. To save overhead, the gNB may indicate whether the Tx beam sweeping should rely on current Tx beam in one BPL or not. Figure 3 illustrates the detail procedure for U-3. 


[bookmark: _Ref485199670]Figure 3: Procedure for U-3
The U-2 and U-3 can be used for gradual TRP/UE beam change or abrupt TRP/UE beam change. The gradual TRP/UE beam change means the new TRP/UE beam may be around current TRP/UE beam. The abrupt TRP/UE beam change indicates that the new TRP/UE beam could be far from current TRP/UE beam. Then the number of SRS transmission instance can be configurable to adapt different beam change cases. In this way, the overhead of the SRS can be reduced, especially for the gradual beam refinement case.
Proposal 3: For UL BM U-2, NR supports TRP to indicate beam related information, e.g. BPL index, for the UE to select the Tx beam. After receiving the SRS, the TRP should provide power control related information for the UE to update its power control settings and pathloss calculation if the refined beam is a new beam.
Proposal 4: For UL BM U-3, NR supports signaling to inform the UE whether the Tx beam sweeping should rely on current Tx beam in one BPL or not, and the indication of the best UE Tx beam index should be supported.
2.3 Joint UL/DL beam management when reciprocity is assumed
If the UL/DL channel reciprocity can be assumed, the best TRP Tx and UE Rx beam pair for downlink can be used as the UE Tx and TRP Rx beam for uplink. Using this property, TRP and UE can jointly manage the UL/DL beam. For example, the UL U-2 and DL P-3 can be jointly used. After receiving the CSI-RS for P-3, the UE could find out the best DL Rx beam and the corresponding UL Tx beam. This UL Tx beam can be used at the UE for SRS transmission in U-2. Then the TRP can find out its best UL Rx beam and corresponding DL Tx beam for the following DL transmission.  A similar fast beam acquisition procedure can be applied to support UL transmission. Therefore with the help of channel reciprocity, joint UL/DL beam management procedure can be achieved within one subframe as illustrated in Figure 4. Hence there can be some RS association between the CSI-RS for beam management and SRS to allow the joint UL/DL beam management when reciprocity can be assumed. However to limit other BM-RS association seems not to be necessary.


						
[bookmark: _Ref485200636]Figure 4: Joint DL and UL beam refinement to assist DL and UL transmission
Proposal 5: RAN1 should consider joint UL/DL beam management into account when UL/DL channel reciprocity can be assumed. 
Proposal 6: the RS association between CSI-RS for beam management and SRS should be supported. Other RS association can be FFS since the benefit is unclear.
2.4 Uplink Beam Management with Multi-TRP and Multi-Panel
In previous meetings, multi-TRP and multi-panel operation has been discussed. The UE with multiple antenna panels could maintain communication links with different TRPs via different antenna panels. The uplink multi-panel and multi-TRP operation can be used to enhance the uplink performance, in which there can be multiple links between each panel to each TRP. Different data can be transmitted in different link.
Figure 5 shows an example of the multi-TRP and multi-panel operation for uplink. As shown in the figure, the UE maintains communication link 1 with TRP1 via the beam pair: Tx beam 3 of Panel 1, Rx Beam 2, and the communication link 2 with TRP2 is via the beam pair: Tx beam 8 of Panel 2, Rx beam 5. By using different panels, the UE can send different data stream with different TRPs for better performance.


[bookmark: _Ref485201290]Figure 5  Example of Multi-TRP and Multi-Panel Operation
As analysed in [7], when performing downlink beam management procedures with one TRP, especially if the UE side beams across different UE antenna panels should be swept, there could be some issues since the panel linked with other TRPs should be used for beam sweeping and can cause data stream interruption.
Similarly, the issue also exists for uplink. When the uplink beam management procedure is performed with one TRP, the data links with other TRPs should be interrupted if the UE beams across different panels should be swept. Similarly with downlink processing, there could be two solutions for uplink beam management with multi-TRP and multi-Panel operation: one is joint beam management among TRPs and the other one is independent beam management. It mainly applies to U-1 and U-3 procedure since for U-2, the UE side Tx beam is fixed.
With independent uplink beam management procedure, the beam management is performed with one specific TRP. If the UE needs to sweep UE Tx beams across different antenna panels, the data connection with other TRPs will be interrupted. The UE should stop the data transmission with other TRPs temporarily.
With joint beam management, if beam management is triggered with one TRP, then the TRP should inform other TRPs to perform beam management as well. For example, if U-3 is triggered with TRP1, then TRP1 should also inform TRP2 to interrupt the data reception and also perform U-3 procedure. With the coordinated beam management, the overhead and latency for beam sweeping could be reduced.
In order to further reduce the impact of data interruption, the UE may indicate the TRP whether the UE side beams should be swept across different panels. If there is no need to sweep beams across UE antenna panels, then the beam management procedure could be performed with one TRP without impact on communication links with other TRPs.
Proposal 7: For multi-TRP and multi-panel operation, RAN1 to further study whether the uplink beam management procedures should be performed jointly or independently among TRPs.
2.5 Beam Indication
For uplink, UE can be configured to use a certain beam for uplink transmission. If there is activation/allocation signal for the uplink transmission, the signaling for the activation/allocation can further inform which beam to use for the transmission. If there is no activation/allocation signal for the uplink transmission, e.g. ACK/NACK channel, either which beam to use can be informed implicitly or explicitly. Implicit signaling can be done by linking with downlink beam pair link. During the RAN1 #88 meeting, inclusion of beam indication in DCI has been agreed as follows.
· NR supports UL-MIMO scheduling by DCI, which includes at least some of
· Indication of a SRS resource (SRI) which has been transmitted by this UE in previous time instance
· Each configured SRS resource is associated with at least one UL Tx beam/precoder
· FFS: whether to allow the existence of this field only when multiple SRS resources are configured to UE.
Since the bit field size required to indicate SRI and time stamp is quite large, we propose to have indirect way of indicating beam indication using beam pair link, BPL. Note that the name is for the discussion. It can be changed to other name as well to represent transmit beamforming indication which is established by UL SRS index. Moreover, in addition to SRI, CSI-RS resource/port and beam for Msg. 3 also used for beam indication. CSI-RS resource/port is needed in case of beam correspondence, and beam for Msg. 3 is need for use of the same beam for initial access. In particular, before beam management or before RRC configuration is done, UE shall be able to use the beam for Msg. 3. Note that the beam for Msg. 3 is one of beams used for PRACH transmission. Assuming Msg.3 beam is the same as PRACH (Msg.1) beam, if UE is capable of beam correspondence, then UE Tx beam can be the beam which is used for reception of SS-block. If UE is not capable of beam correspondence, then UE may try PRACH transmissions multiple times using different beams, and gNB will inform the UE which beam is detected (implicitly or explicitly). Another potential approach for determining Msg.3 beam is that gNB indicates it explicitly using Msg.2.
Observation 1: SRS resource, CSI-RS resource/port, beam for Msg. 3 should be the RS for uplink beam reference.
Proposal 8: 
· Beam pair link (BPL): A beam pair link (BPL) index is an index which refers port(s) of a RS which has been used for UE side beamforming. Based on BPL index, UE shall be able to form a proper transmit beam in uplink, and UE shall be able to form a proper receive beam in downlink.
· RS for BPL: 
· Uplink (to determine UE transmit beam): SRS (referred by SRI), DMRS of Msg. 3
· Downlink (to determine UE receive beam): CSI-RS (FFS: referred by CRI/CRI+port number), SSblock  (FFS: SSS/DMRS of PBCH)
· When UE is capable of beam correspondence, gNB may refer downlink RS for uplink transmission or uplink RS for downlink reception.

Overall procedure is as follows. 

Figure 6: Example of uplink beam pair link indication procedure
Proposal 9: UL beam pair link is signaled by UL RS antenna port(s). Signaling is done by MAC CE. Beam pair link can be updated dynamically. 
Proposal 10: UL activation/allocation signal informs which uplink beam pair link to use for the corresponding uplink transmission.
Proposal 11: Without other explicit indication, beam pair link index for NR-PDSCH reception should be used in the corresponding ACK/NACK transmission.

3. Conclusions
In this contribution we have provided our views on uplink beam management for NR. From the discussion, we have the following observations and proposals.
Observation 1: SRS resource, CSI-RS resource/port, beam for Msg. 3 should be the RS for uplink beam reference.
Proposal 1: NR supports PRACH, PUCCH/PRACH for beam recovery and SRS with beam sweeping for UL beam management.
Proposal 2: NR supports configurable RPF for SRS to reduce overhead and latency for beam management, and using a larger subcarrier spacing for SRS should also be considered.
Proposal 3: For UL BM U-2, NR supports TRP to indicate beam related information, e.g. BPL index, for the UE to select the Tx beam. After receiving the SRS, the TRP should provide power control related information for the UE to update its power control settings and pathloss calculation if the refined beam is a new beam.
Proposal 4: For UL BM U-3, NR supports signaling to inform the UE whether the Tx beam sweeping should rely on current Tx beam in one BPL or not, and the indication of the best UE Tx beam index should be supported.
Proposal 5: RAN1 should consider joint UL/DL beam management into account when UL/DL channel reciprocity can be assumed. 
Proposal 6: the RS association between CSI-RS for beam management and SRS should be supported. Other RS association can be FFS since the benefit is unclear.
Proposal 7: For multi-TRP and multi-panel operation, RAN1 to further study whether the uplink beam management procedures should be performed jointly or independently among TRPs.
Proposal 8: 
· Beam pair link (BPL): A beam pair link (BPL) index is an index which refers port(s) of a RS which has been used for UE side beamforming. Based on BPL index, UE shall be able to form a proper transmit beam in uplink, and UE shall be able to form a proper receive beam in downlink.
· RS for BPL: 
· Uplink (to determine UE transmit beam): SRS (referred by SRI), DMRS of Msg. 3
· Downlink (to determine UE receive beam): CSI-RS (FFS: referred by CRI/CRI+port number), SSblock  (FFS: SSS/DMRS of PBCH)
· When UE is capable of beam correspondence, gNB may refer downlink RS for uplink transmission or uplink RS for downlink reception.
Proposal 9: UL beam pair link is signaled by UL RS antenna port(s). Signaling is done by MAC CE. Beam pair link can be updated dynamically. 
Proposal 10: UL activation/allocation signal informs which uplink beam pair link to use for the corresponding uplink transmission.
Proposal 11: Without other explicit indication, beam pair link index for NR-PDSCH reception should be used in the corresponding ACK/NACK transmission.
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Appendix – SRS Structure


Figure A-1: Larger subcarrier spacing based SRS


Figure A-2: IFDMA based SRS
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