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1. Introduction

Regarding multi-beam operation which is one of the objectives in the Rel-16 NR MIMO WID [1], our recommended potential enhancements on multi-beam operation have been discussed in our companion contribution [2]. These enhancements include UL simultaneous transmission, group based beam reporting, UE panel activation/de-activation, spatial relation update for multiple PUCCH resources, MAC-CE based spatial relation update for AP-SRS, beam failure recovery for SCell and L1-SINR reporting. 
In this contribution, we further discuss enhancements on multi-beam operation for codebook and non-codebook transmission, local beam sweeping for UL, maximum permissible exposure (MPE) and panel-specific UL power control.
2. Enhancement(s) on UL beam management
2.1 Multi-beam operation for codebook and non-codebook based PUSCH transmission
For UL codebook based transmission, only single analog beam is used at a given time instant for transmission in Rel-15. In order to support multi-panel operation, more than one SRS resources can be configured within one SRS resource set for codebook based transmission, and those SRS resources can be configured with different higher layer parameters spatialRelationInfo. A natural extension from Rel-15 is to indicate one SRI codepoint in DCI which represents one or more SRS resources for one PUSCH transmission for multi-panel operation.  

· For instance, if UE has two panels for UL transmission, PUSCH can be transmitted from the two panels simultaneously through indicating one SRI codepoint in DCI, which has been associated with two different SRS resources with independent spatial relation. 
Note that, on the account of saving DCI overhead, one SRI codepoint in DCI is recommended to be associated with one or more SRS resources through one MAC-CE signaling.  

For non-codebook based transmission, the following design in Rel-15 still can work well for multi-beam operation:

· Up to X different SRS resources from a SRS set for non-codebook can be transmitted simultaneously, where X is reported by UE capability signaling;

· One SRI codepoint in DCI can be used for indicating more than one SRS resource. UL beam indication for multi-beam operation has been already supported. 
The only enhancement for this issue is to increase the number of SRS resource sets for non-codebook transmission so that more beam combinations for multi-beam transmission can be selected dynamically. 
Proposal 1: Up to X>1 SRS resource set can be configured for codebook based PUSCH transmission, where an SRI codepoint in DCI can be associated with one or more SRS resources through one MAC-CE signaling
· Note that only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant.
· Note that SRS resources in different SRS resource sets can be transmitted simultaneously.
· FFS: enhancement for non-codebook based PUSCH transmission, e.g., more than 1 SRS resource set.

2.2 Local beam sweeping for UL beam management
In Rel-15, Repetition ON/OFF has been supported for UL beam management in Rel-15 through configuring multiple SRS resources with same spatialRelationInfo or not, but supporting a mechanism of local beam sweeping around one reference beam is still an open issue. In order to support local beam sweeping, a mechanism of supporting wide beam and narrow beam association, e.g., support of less stronger relation than the current spatial relation, should be introduced in Rel-16. For instance, a target SRS resource set can be associated with one or more r reference SRS resource sets with different beam-widths, or called as spatial granularity.

Proposal 2: In order to reduce overhead of UL beam management, the association between wide beam and narrow beam should be supported. 

· FFS: the mechanism of association between wide beam and narrow beam, e.g., UL RS resource-set level association, and configuration of spatial granularity level for UL RS resource or resource set.
2.3 Maximum Permissible Exposure (MPE)
 In NR Rel-15, RAN4 has introduced P-MPR for reducing the maximum transmission power, i.e., Pcmax, from power class, taking into account the MPE impact. This is a good starting point for Rel-16, if some enhancements for this issue are needed. The real UL transmission power is determined by the min value between Pcmax and required power. For PUSCH transmission, we have the following formula for calculating transmission power.
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In general, whether the performance is degraded by MPE impact is up to the real transmission. 

· For instance, the required UL power is 15 dBm for PUSCH transmission i, and consequently there is still no impact even the Pc,max is reduced to 16dBm from 23dBm due to MPE. 

Therefore, if beam reporting is only based on MPE rather than both MPE and the virtual/real transmission, the UL beam (with low MPE but large path loss) recommended by reporting may be useless, and more power is wasted for keeping the same performance. On the other hand, beam specific PHR reporting, i.e., difference between Pcmax and the required transmission power, can well present the MPE impact transparently, and a UL beam changed can be indicated by gNB if a low PHR, e.g., 0-dB or negative, is received for the current beam.

Observation:  For maximum permissible exposure (MPE), we have the following observation

· UL transmission performance is determined by the MPE impact and parameters for the UL transmission, and consequently only reporting of UL beams without considering potential transmission may degrade performance, e.g., throughput and power consumption.

· Beam specific PHR can present the MPR impact transparently, through reporting the difference value between Pcmax and transmission power. 
Proposal 3:  Study using Rel-15 beam specific PHR framework to handle the MPE issue and if required, specify enhancements to the beam specific PHR framework
2.4 Panel-specific UL power control
Beam-specific UL power control has been supported in Rel-15, through associating each of SRIs for PUSCH or each of spatialRelationInfo entries for PUCCH with one respective UL power control parameters, which is designed according to one basic assumption of only one Tx beam to be used for one UL transmission. According to this framework, gNB can control UL transmission power for one Tx beam associated with one PUSCH/PUCCH transmission, independently. 

But, once supporting multi-beam operation for UL transmission in Rel-16, the Rel-15 framework of UL power control has to face the following challenges:

1)
Different interference levels for different UL beams for one transmission

· The basic goal of UL power control is to handle mutual interference from different UL channels, and, as agreed in Rel-15, the interference management should be beam specific, i.e., beam-specific UL power control. With multi-beam operation for one UL transmission, gNB shall use the different UL Rx panels for receiving one respective signals associated with each of multiple UL Tx beams as usual. gNB side will face beam-specific interferences, which is highly related to the direction of gNB Rx beam, and consequently the transmission power should be managed per UL beam of multi-beam operation.

2)
Path-loss measurement for UL multi-beam operation

· In Rel-15 framework of UL power control, only one DL RS can be configured as PL RS for one UL transmission. Consequently, PL measurement according to multiple DL RSs associated with the UL multi-beam operation can NOT be achieved, and, if only one DL RS is configured as one PL RS as Rel-15, the measurement hardly represents the actual path loss, without doubts, in such a case. 

Therefore, panel-specific UL power control is recommended for supporting multi-beam operation, where the current power control framework and its related parameter including closed loop parameter, PL RS configuration and closed loop process should be further studies. Some more details can be found in our companion contribution [3]. 

Proposal 4:  In order to support UL multi-beam/panel operation, it should be considered to support panel-specific UL power control. 

· Study mechanisms of configuring multiple power control parameters and associating them with single UL transmission.
3. Conclusion

In this contribution, we provide the following observation and proposals for enhancements on UL beam management. 

Observation:  For maximum permissible exposure (MPE), we have the following observation

· UL transmission performance is determined by the MPE impact and parameters for the UL transmission, and consequently only reporting of UL beams without considering potential transmission may degrade performance, e.g., throughput and power consumption.

· Beam specific PHR can present the MPR impact transparently, through reporting the difference value between Pcmax and transmission power. 
Proposal 1: Up to X>1 SRS resource set can be configured for codebook based PUSCH transmission, where an SRI codepoint in DCI can be associated with one or more SRS resources through one MAC-CE signaling
· Note that only one SRS resource in each of multiple SRS sets can be transmitted at a given time instant.
· Note that SRS resources in different SRS resource sets can be transmitted simultaneously.
Proposal 2: In order to reduce overhead of UL beam management, the association between wide beam and narrow beam should be supported. 

· FFS: the mechanism of association between wide beam and narrow beam, e.g., UL RS resource-set level association, and configuration of spatial granularity level for UL RS resource or resource set.
Proposal 3:  Study using Rel-15 beam specific PHR framework to handle the MPE issue and if required, specify enhancements to the beam specific PHR framework

Proposal 4:  In order to support UL multi-beam/panel operation, it should be considered to support panel-specific UL power control. 

· Study mechanisms of configuring multiple power control parameters and associating them with single UL transmission.
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