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1 Introduction
In [1], it was agreed to specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection in Rel-16 as follows: 
· 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
In this contribution, we discuss the panel based UL beam selections, including scenarios and key issues.
2 Use cases for panel based UL beam selection
For the UE equipped with multiple panels, the panel-specific beam selection for UL transmission can be used to enhance the UL coverage, transmission robustness and throughput as following use cases:
· For the case of beam/panel blockage:
Considering that UE panel(s) may be blocked or UE itself may rotate, beam(s) from different panels can be more suitable for different UL transmission instance. In the evaluation, it can be observed that by selecting the best Tx beam across panels, the probability of UL RSRP larger than -100dBm is increased by ~10%. 
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Figure 1. Gain on RSRP distribution from using best beam across panels in UMi/UMa scenarios
· For the case of multi-panel based UL transmission: 
Throughput enhancement from using the best UL panel/beam or multiple panels simultaneously to support high-rank UL transmission.
· For the case with inter-UE interference: 
Reduced inter-user interference as gNB will be able to schedule UE not to use the Tx panel/beam that generates strong inter-user interference.
· For the case with multiple TRPs in gNB side:
Convenient NCJT transmission with non-ideal backhaul as each TRP can schedule PUSCH from one UE panel independently.
3 Objectives and key issues
To enable panel-based UL beam selection in Rel-16, we discuss the issues and potential solutions in this section. 
3.1 Panel(s) selection and indication 
· Panel indication for SRS for UL BM

To enhance the efficiency of UL beam training and save the UE’s power, gNB may need to select some of the UE Tx panels (other than all of the panels) for the beam training. Such as, short term training can be performed based on a long-term beam training to support efficient beam training and UE may turn off some panels for power-saving.
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Figure 2. Fast beam training in the selected panel
In the panel based beam training, the selected panel(s) need to be indicated to UE so that UE can perform the UL beam sweeping only within the selected panel (s).
Observation 1: For UL beam management, beam training based on selected panel(s) is beneficial to enhance the beam training efficiency and power utilization.
· Panel indication for SRS for CB/NCB based UL transmission
In the FR2, SRS transmission for codebook or non-codebook based UL transmission will be based beams. Each of the SRS resource for CB/NCB can be configured with one UL beam through a reference RS indication (CSI-RS resource indicator, SSB resource indicator or SRS resource indicator). For UE with multiple panels, the reference RS indication should include both panel selection information and specific beam information within the selected panel(s) to instruct UE to transmit the SRS as illustrated in Figure 3. 
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Figure 3. Both panel and beam indication for SRS for CB/NCB transmission
Observation 2: For SRS used for PUSCH transmission, panel selection is beneficial to enhance the efficiency and power utilization.
Proposal 1: For both UL beam management and UL transmission, the selected panel(s) for SRS transmission should be indicated to UE.
For CB in Rel-15, at most 2 SRS resources can be configured, and the 2 SRS resources can be used as: 

· Each of the 2 SRS resources corresponds to a panel, and SRI among the 2 SRS resources can be used for panel selection.
· Each of the 2 SRS resources corresponds to a beam from one panel, and SRI among the 2 SRS resources can be used for beam selection.
· Each of the 2 SRS resources corresponds to a group of antenna port(s), and SRI among the 2 SRS resources can be used for antenna selection for 2T4R or 1T2R UE.
To enable gNB to perform panel selection for UE with more than 2 panels or to enable gNB to do panel selection, beam selection and antenna port selection for PUSCH transmission simultaneously, more SRS resources or SRS resource set may need to be supported. 

For NCB in Rel-15, at most 4 SRS resources can be configured, and the 4 SRS resources can be used as:

· Each of the 4 SRS resources corresponds to a panel, and SRI among the 4 SRS resources can be used for precoder determination for PUSCH transmission if UE has one panel.
· Each of the 4 SRS resources corresponds to different panels, and SRI among the 4 SRS resources can be used for precoder determination as well as panel selection for PUSCH transmission if UE has more than one panels.
However, when UE has more than one panels, 4 SRS resources may not be sufficient to enable gNB to determine whether to use one panel or multiple panels for rank-4 PUSCH transmission.
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Figure 4. SRS and PUSCH transmission for NCB
Proposal 2: Consider to extend the number of SRS resource or SRS resource set for codebook and non-codebook based UL transmission if UE has multiple panels.
· Multiple-panel indication for codebook based UL transmission
Multiple panels with different locations can provide sufficient spatial isolation, and thus multi-panel based UL transmission is beneficial for both diversity-based and high-rank transmission. In some applications (e.g., CPE), multiple panels can be activated simultaneously and hence can be simultaneously used for PUSCH transmission without latency for panel activation. For these UEs, multiple panels can be indicated for PUSCH transmission via DCI. 

However, for CB in Rel-15, since only one SRS resource corresponds to one panel can be indicated, multiple-panel (simultaneously transmission) based PUSCH transmission is not supported. Indication of multiple panels should be considered to support PUSCH transmission with multiple panels.
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Figure 5. Multi-panel based PUSCH transmission
Proposal 3: PUSCH transmission on multi panels should be supported in Rel-16.
3.2 Panel specific timing advance and power control
Beam-specific power control has been supported in Rel-15. Specifically, DL pathloss is estimated according to a configurable RS with a specific beam, and power adjustment is based on UL beam indication. The framework of beam-specific power control should be extended to support multi-panel based beam selection. For instance, multiple RS resources for pathloss estimation and multiple TPC commands can be indicated to support multi-panel based UL transmission. 
Furthermore, if we use same timing advance across panels/beams, demodulation performance may be impact. As shown in Figure 8, when Panel#1 and Panel#2 are used for PUSCH transmission, a larger TA offset for Tx beam#1 on Panel#1 and a smaller TA offset for Tx beam#2 on Panel#2 can be indicated.
Proposal 4: Consider to extend power/timing control signalling to enable multi-panel based UL transmission.
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Figure 6. Illustration of panel/beam-specific timing control
3.3 Other issues for panel based UL beam selection
· Whether to allow UE turning off its Tx panels
It has been discussed at the late stage of Rel-15 that UE may turn off its panels for power-saving purposes and sufficient time is needed for panel activation when UE receives the CSI-RS with repetition = On (i.e., to train its Rx beams on the panel which is previously turned off) [4]. 
Same issue holds for UL transmission. Specifically, if UE turns off its Tx panels without noticing gNB, gNB cannot configure proper Tx panel/beam for UL transmissions. To enable gNB to know the active panel in UE side, UE Tx panels activation and deactivation should be controlled by gNB, or UE may not turn off its Tx panels. 
Proposal 5: The knowledge of UL panel on/off/switch should be fully aligned between gNB and UE with implicit or explicit mechanism in Rel-16.
· Definition of UE panel 
In Rel-15, UE Tx panel is not explicitly defined. Instead, it is implicitly represented by a SRS resource set. It should be thoroughly studied whether such implicit way is sufficient or not. Several factors can be taken into account:

1. When all of the periodic/semi-persistent/aperiodic SRS resources are configured, how to map the configured SRS resources sets to UE panels and how to let gNB know the mapping between the SRS resources and the panels used for the SRS transmission need to be considered.
2. How to accommodate the case where the total number of active panels used for DL reception are different from those for UL transmission need to be considered.
3. For DL-only deployment of mmW where SRS may not be configured, whether and how to enable panel-specific beam selection need to be considered.

These issues should be considered for the definition of UE panels in the specs. So we have the following proposal:
Proposal 6: Consider how to support panel-specific UL sounding resource and procedure in Rel-16 in order to facilitate UL panel-specific beam selection/transmission, starting from SRS resource set defined in Rel-15.
4 Summary
Based on the above discussion, we have the following observations and proposals:
Observation 1: For UL beam management, beam training based on selected panel(s) is beneficial to enhance the beam training efficiency and power utilization.
Observation 2: For SRS used for PUSCH transmission, panel selection is beneficial to enhance the efficiency and power utilization.
Proposal 1: For both UL beam management and UL transmission, the selected panel(s) for SRS transmission should be indicated to UE.

Proposal 2: Consider to extend the number of SRS resource or SRS resource set for codebook and non-codebook based UL transmission if UE has multiple panels.

Proposal 3: PUSCH transmission on multi panels should be supported in Rel-16.
Proposal 4: Consider to extend power/timing control signalling to enable multi-panel based UL transmission.
Proposal 5: The knowledge of UL panel on/off/switch should be fully aligned between gNB and UE with implicit or explicit mechanism in Rel-16.

Proposal 6: Consider how to support panel-specific UL sounding resource and procedure in Rel-16 in order to facilitate UL panel-specific beam selection/transmission, starting from SRS resource set defined in Rel-15.
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Appendix

UE panel modelling in TS 38.802:
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Figure a. Two UE panels pointing at opposite directions [Left: (2,4,2), Right: (4,4,1)]
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Figure b. Four UE panels pointing at orthogonal directions [Left: (2,2,2), Middle: (2,4,1), Right: (1,4,2)]
