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Introduction
Rel-16 MIMO enhancement WI was approved with the following scope [1]. Among the scope, beam management enhancement is one of the main topics. 

	
· Extend specification support in the following areas [RAN1]
· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:
· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission
· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Enhancements on multi-beam operation, primarily targeting FR2 operation:
· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)



Rel-15 NR provides only limited support for the UL beam management and beam indication due to time limitation. In order to save overhead and reduce UE power consumption, UL beam management with SRS sounding may not be needed especially for the UE with beam correspondence. In those situations, DL beam measurement can be used to select the UL beam based on channel reciprocity. However, even for the UE with perfect beam correspondence, the DL beam selection and UL beam selection still have different considerations and requirement. In this contribution, we discuss the need for separate beam measurement report for DL and UL beam management.
Need for Separate UL and DL beam Measurement Report
As we briefly discussed in the previous section, DL and UL beam selection may be subject to different constraints. Even for a UE with perfect beam correspondence, the best UL beam may not always correspond to the direction of the best DL beam. There are a few factors we need to consider here:

1. UL transmission limited by MPE (Maximum Permissible Exposure): due to human safety reasons, a UE may not be able to transmit in certain directions, or alternatively the maximum Tx power is limited in certain directions. Consequently, when the DL beam traverses the human body, the best UL direction may not correspond to the best DL beam. 
2. Co-existence: due to UE size and form factor limitations, a tightly packed UE device may need to support multiple radio technologies, e.g., 2G, 3G, 4G, 5G, WIFI and Bluetooth. RF signals from different technologies may interfere with each other, imposing additional constraints on multiple factors including NR Tx power, NR Tx beam direction and NR Tx panel selection for multi-panel UEs.
3. UE power saving: UE may want to use a different UL beam, e.g., a wider beam with a smaller number of antenna elements to transmit, in order to achieve better tradeoff between power and performance. 
4. UL and DL beam selection criterion: DL and UL transmissions differ in interference profiles and   receiver capability at the opposing transceiver. In RAN1 #94bis meeting, it was agreed to support L1-SINR as additional measurement report metric [2,3]. L1-SINR reflects both the DL interference condition and the UE receiver capability which makes it very useful for the DL beam selection. However, for UL beam selection with beam correspondence, L1-RSRP is a preferred metric as it better reflects the UL channel condition which the gNB can utilize in conjunction with its knowledge of interference and its own receiver implementation. 

	Agreement
· L1-SINR is supported. L1-RSRQ is not supported.
· Companies to study and provide definition of L1-SINR
· Study the reporting content, e.g.
· Whether CRI/SSBRI is reported
· Whether differential group/non-group reporting is applied
· Whether L1-RSRP is reported
· Study the interference measurement mechanism
· 
Agreement
· Support L1-SINR measured from
· For signal part, SSB and/or NZP CSI-RS
· FFS: For interference part
· Companies are encouraged to provide simulation results on how to measure/define L1-SINR, e.g. whether interference is measured from dedicated IMR
· For example, take Rel-15 L1-RSRP and/or SINR specified in 38.215 as a comparative reference for evaluation purposes



Based on the above discussion, we believe it is useful to support separate beam measurement reports for DL and UL beam management at least for UEs with beam correspondence.

Proposal 1: Rel-16 NR supports separate beam measurement report for DL and UL beam management
Mechanisms for Separate UL and DL beam Measurement Report
The term “separate UL and DL beam measurement report” could simply mean that additional enhancement is needed to complement the existing DL beam measurement report. The enhancement can be done in many different forms, we consider a few options here.

Currently, for a UE that supports beam correspondence, the UL beam is indicated by direct or indirect indexing to CSI-RS or SSB, as part of DL beam management. When NW indicates to the UE a beam to be used for UL transmission, the NW typically chooses the beam based on the DL measurement. As discussed before, a UE may be subject to additional constraints such as MPE, in-device multi-RAT co-existence and thermal considerations which is local information available to each UE. Therefore, it is reasonable to relax the UL beam indication requirement such that UE is allowed to use a different beam than the indicated beam as long as the beam condition is comparable or better than the indicated beam.

Proposal 2: Rel-16 NR considers relaxation of the UL beam indication requirement by providing a UE with more flexibility in terms of choosing the UL beam.
  
As discussed earlier, there are some scenarios that the DL and UL beam quality are different in the same direction. For example:
· Uplink power back off due to MPE and co-existence
· Different interference levels and receiver capabilities in DL and UL
Therefore, we propose to enhance the existing DL beam report to reflect the DL/UL discrepancy. One example is to include L1-RSRP in addition to the newly agreed L1-SINR in the beam report. In addition, the ranking of the beam can be based on SINR for DL beam and RSRP for UL beam selection. Details for report enhancement are FFS.

Proposal 3: Rel-16 NR considers enhancement of the DL beam measurement report to reflect DL/UL discrepancy. Details on enhancement, such as separate ranking, PHR reporting, Tx power back reporting, etc., are FFS.
Conclusion
In this contribution, we discuss beam management enhancement for Rel-16 NR. The primary motivation is that UL beam management faces different requirements, considerations and limitations compared to DL beam management, even for UEs with perfect beam correspondence

To enhance the UL beam management, we have the following proposals

Proposal 1: Rel-16 NR supports separate beam measurement reports for DL and UL beam management.

Proposal 2: Rel-16 NR considers relaxation of the UL beam indication requirement by providing a UE with more flexibility in terms of choosing the UL beam.

Proposal 3: Rel-16 NR considers enhancement of the DL beam measurement report to reflect DL/UL discrepancy. Details on enhancement, such as separate ranking, PHR reporting, Tx power back reporting, etc., are FFS.
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