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Latency and overhead reduction for multi-beam operation is specified in Rel-16. However, high-speed scenarios at FR2 require more aggressive reduction in latency and overhead. Second, while enhancements for enabling panel-specific UL beam selection was investigated in Rel-16, there was not sufficient time to complete the work. Enhancements on the overhead and latency reduction and panel-specific UL transmission will be included in Rel-17 as listed in the Rel-17 FeMIMO WID[1].
	1. Enhancement on multi-beam operation, mainly targeting FR2 while also applicable to FR1: 
a. Identify and specify features to facilitate more efficient (lower latency and overhead) DL/UL beam management to support higher intra- and L1/L2-centric inter-cell mobility and/or a larger number of configured TCI states:
i. Common beam for data and control transmission/reception for DL and UL, especially for intra-band CA
ii. Unified TCI framework for DL and UL beam indication
iii. Enhancement on signaling mechanisms for the above features to improve latency and efficiency with more usage of dynamic control signaling (as opposed to RRC)
b. Identify and specify features to facilitate UL beam selection for UEs equipped with multiple panels, considering UL coverage loss mitigation due to MPE, based on UL beam indication with the unified TCI framework for UL fast panel selection 



In this contribution, we provide our views on the enhancement on multi-beam operation, including the issues on overhead/latency reduction and panel-selective UL transmission.
Discussion
Common beam for data transmission/reception for DL and UL
Single-DCI based multi-TRP PDSCH transmission is specified in Rel-16 for eMBB and URLLC transmission by mapping two different TCI states to one TCI codepoint. There is an higher layer parameter tci-PresentInDCI or  tci-PresentInDCIFormat1_2 is configured per CORESET to indicate whether the ‘Transmission Configuration Indication’ field is present in DCI format 1_1/1_2. The TCI states for PDSCH are activated per BWP. However, the TCI states for PDSCH are activated per BWP. So for the DCIs transmitted from the CORESET without configured tci-PresentInDCI or  tci-PresentInDCIFormat1_2, multi-TRP based PDSCH transmission cannot be supported according to Rel-16 procedure although there is at least one TCI codepoint is mapped to two TCI states in the active BWP. 
Single-DCI based multi-TRP PDSCH transmission can be supported for this case with necessary enhancement. One advantage of supporting this feature is to save some payload in DCI simultaneously maintains the high reliability of the scheduled PDSCH as DCI with TCI field which is important especially in URLLC scenario. So in Rel-17, it is beneficial  to study how to support SDM/FDM/TDM based PDSCH scheduled by a DCI without TCI field.
Proposal 1: Study how to support SDM/FDM/TDM based PDSCH  scheduled by a DCI without TCI field.

Default TCI state for aperiodic CSI-RS reception is specified in Rel-16 the single-TRP scenario for in-carrier and cross-carrier triggering when the scheduling offset between the last symbol of the PDCCH carrying the triggering DCI and the first symbol of the aperiodic CSI-RS resources is smaller than a threshold. For example, the UE may apply the QCL assumption used for the CORESET with lowest ID in the latest slot to the CSI-RS reception in the case that one or more CORESETs are configured on the CC and there is no other DL signals are transmitted on the same symbols for CSI-RS. However, in the multi-DCI based multi-TRP scenario, different CORESETs are transmitted from different TRPs and the aperiodic CSI-RS is triggered by a DCI from a certain CORESET. If we still apply the Rel-16 default TCI procedure, the UE may apply an incorrect QCL assumption for the CSI-RS reception and report a invalid CSI. 
Further, there may be two different DCIs transmitted in a same slot triggering two aperiodic CSI-RS resources transmitted from different TRPs, and both the triggering offset is smaller than a threshold. The UE shall apply the same QCL assumption for both CSI-RS reception according Rel-16. This may not be the intention of the two TRPs. And two different default TCI states may be required for different CSI-RS resources transmitted from different TRPs like that for PDSCH specified in Rel-16. Based on the above analysis, we have the following proposal
Proposal 2: Default TCI states for aperiodic CSI-RS reception in multi-DCI based multi-TRP scenario should be specified in Rel-17.

Default spatial relation and default PL-RS for SRS and dedicated PUCCH for the case when no spatialRelationInfo and pathlossReferenceRS are configured, as well as the default spatial relation and PL-RS for the PUSCH scheduled by DCI format 0_0 are specified in Rel-16 only for the single -TRP scenario.
Multi-DCI based multi-TRP PDSCH transmission is supported in Rel-16 and a higher layer parameter  CORESETPoolIndex is configured per CORESET for TRP identify. So the TCI states for PDCCH and for PDSCH are associated with a certain TRP(a CORESETPoolIndex value). The Rel-16 method for the default spatial relation and PL-RS determination is not applicable for the multi-DCI based multi-TRP scenario. Because the UE may transmit the PUCCH, e.g., HARQ-ACK, or SRS to a wrong TRP according to the Rel-16 procedure. And it also agreed that each PUCCH resource can be associated with a CORESETPoolIndex value, so the UE can specific the target TRP for a PUCCH resource based on the associated CORESETPoolIndex value. And the target TRP should not be changed by using the default spatial relation in multi-DCI based multi-TRP scenario. The same situation is also exist for SRS and PUSCH scheduled by DCI format 0_0. So we propose that
Proposal 3: Default spatial relation and PL-RS for UL signal including PUCCH, SRS and PUSCH scheduled by DCI format 0_0 in multi-TRP should be supported in Rel-17.
Cross carrier scheduling is an important feature in CA. Default TCI state for PDSCH and aperiodic CSI-RS reception in cross carrier scenario is specified for single-TRP based transmission in Rel-15/16. Single-DCI based multi-TRP and multi-DCI based multi-TRP transmission mode is configured per cell. So it is possible that some CCs in the CA cells are configured with single-DCI based multi-TRP mode and some CCs are configured with multi-DCI based multi-TRP mode for the ideal backhaul scenario for flexible DL scheduling. Some cells are configured with single-TRP as well.
The advantage of higher reliability and robustness of multi-TRP transmission could also be achieved by cross-carrier scheduling. For example, a DCI from a CC configured with single-TRP can schedule a NCJT PDSCH transmission on a single-DCI multi-TRP carrier. Another possible scenario is that a DCI transmitted for a CORESET configured with a CORESETPoolIndex value in a carrier scheduling a PDSCH with URLLC scheme 4 in another carrier configured with single-DCI based multi-TRP transmission mode.
One of the important issue to support cross-carrier scheduling in CA with hybrid configuration of single-DCI and multi-DCI based multi-TRP PDSCH transmission in different carriers is how to determine the default TCI state(s) for PDSCH reception as well as aperiodic CSI-RS reception. Therefore, we have the following proposal
Proposal 4: Default TCI state(s) for PDSCH and aperiodic CSI-RS reception should be supported for cross carrier scheduling in CA considering different multi-TRP mode configuration per carrier .

Overhead and latency reduction
In Rel-16, overhead and latency reduction is a very important topic discussed in multi-beam operation. And a lot of new MAC CEs based updating/reconfiguration are designed to reduce the configuration overhead and latency such as MAC CE based spatial relation updating for aperiodic SRS and MAC CE based pathloss reference RS updating for PUSCH and SRS. Besides, simultaneously updating of TCI states and spatial relation for PDSCH/PDCCH and PUSCH/PUCCH/SRS for multiple cells by a MAC CE is also specified in Rel-16. For multi-beam operation, enhancement on overhead and latency reduction is still an important topic and should be discussed and studied in Rel-17. This is especially for high mobility UEs such as UEs on high speed train. Therefore, those channels whose RRC configurations may be updated frequently should be discussed to see whether it can be updated by dynamic control signaling such as MAC CE or DCI, and we propose that:
Proposal 5: Dynamic control signaling such as MAC CE or DCI can be introduced to reduce overhead and latency for RRC configuration.

UL transmission with multi-panel UE
UL-TCI
[bookmark: OLE_LINK3]An objective of Rel-17 multi-beam enhancement is to develop a unified TCI framework for DL and UL. 
The TCI field in the DCI scheduling PDSCH enables gNB to select from up to 8 possible QCLs (DL beams) for its PDSCH flexibly. For Rel-16 NCJT, some of the DL TCI codepoints are associated with two different TCI states, one from each TRP. On the other hand, PUSCH UL transmission beam is a property of the SRS resource(s) and cannot be signaled independently. It can be changed only with the SRS resource indicated by the SRI field in DCI format 0_1 or 0_2. For codebook based PUSCH, a UE can be configured with 1 SRS resource set with usage set to “codebook”. This SRS resource set may contain 2 SRS resources with the same number of antenna ports. When these 2 SRS resources are configured with different spatialRelationInfo, gNB may choose different UL TX beam by selecting SRI=0 or SRI=1. Each SRS resource has its spatialRelationInfo configured by RRC, and RRC reconfiguration is required if the gNB needs to update the spatialRelationInfo of an SRS resource. (In Rel-16, to address the issue of full power UL transmission for UEs where none of the TX PA can support full power transmission, a UE can be configured with up to 4 different SRS resources with different number of antenna ports. But the 4 SRS resources can still have only up to 2 spatialRelationInfo so no more flexibility is introduced.) For non-codebook based PUSCH transmission, the UL TX beam is also determined as part of SRI in the DCI field, i.e. they are part of the property of the SRS resources selected for the PUSCH transmission. A UE can be configured with a single SRS resource set with usage set to “nonCodebook”. For periodic or semi-persistent SRS resource set, gNB may use RRC to configure it with associatedCSI-RS. This way all the SRS resources have the same UL TX beam, which is determined by the associatedCSI-RS. The gNB cannot change the UL TX beam without reconfiguring the associatedCSI-RS. For aperiodic SRS resource set, each SRS resource can be configured with its own spatialRelationInfo. So up to four different UL TX beam can be configured and selected from with the SRI field in the DCI. However, this flexibility comes at a price. Because UE can only transmit with a single TX beam in PUSCH, if each SRS resource is configured with a different spatialRelationInfo, only one of them can be used and the transmission rank is limited to one. To support up to rank 2, only two spatialRelationInfo can be configured for the 4 SRS resources. This tradeoff between flexible UL TX beam and transmission rank severely limits the usage of multiple UL TX beams in PUSCH. R17 MIMO needs to support PUSCH transmission for multi-TRP. It is necessary that separate UL TX beams can be configured and used for PUSCH sent to different TRPs. To provide the necessary flexibility, and to develop a uniform framework for beam indication for DL and UL, we can introduce a UL-TCI field in DCI format to indicate the TX beam independently from the SRS resource for codebook-based PUSCH transmission. When UL-TCI is enabled in the DCI format scheduling the PUSCH, a number (M) of UL-TCI state can be configured for the UE in a BWP of a cell by RRC, where each state is associated with a RS signal to be used as spatial domain TX filter/spatial relation for UL TX beam. This RS signal can be DL CSI-RS or SSB, or can be a UL SRS. An example of UL SRS is a SRS resource for beam management. 
Proposal 6: Introduce UL-TCI in DCI to signal UL TX beam independently from the SRS resource to enhance flexibility for Rel-17 codebook-based PUSCH transmission. 

In Rel-15 PUSCH transmission, the power control parameters are related to the SRI by SRI-PUSCH-PowerControl. When UL TX beam can be changed independently from the SRS resource used, the power control parameters should change with the UL beam. This requires us to introduce UL-TCI based power control where the PUSCH power control parameters are associated with UL-TCI instead of SRI. 
Proposal 7: Introduce UL-TCI based power control for Rel-17 codebook-based PUSCH transmission.

UE panel information indication and updating
In Rel-17, UE can be equipped with multiple panels and UE can activate one or more panels in a time. Multiple activated panels on UE side can bring spatial diversity, and UE needs to inform gNB for better scheduling. Explicit definition (panel definition) or implicit definition (antenna or resource groups) can be considered, giving the gNB different degrees of insight to the UE hardware implementation. The original UE panel configuration can be reported to gNB by UE’s capability report. Which panel the UE uses to receive in the DL is as important as which beam to use for reception. This adds another dimension to the signaling design and needs to be incorporated into CSI reporting. Similarly, the gNB also needs to signal to the UE which panel to use for PUSCH or SRS transmission. The status of UE panel also needs to be reported to the gNB. Depending on the UE battery/power saving status, the UE may deactivate (power off) some panels to save power.
If gNB does not know the current panel status in UE side, it may schedule the UE with a beam corresponding to the deactivated panel, causing network resource waste and throughput reduction. Therefore, the updating of UE’s activated panel information should be informed to gNB timely, and how to report the updating information timely should be studied and determined in Rel-17. Based on the analysis above, we propose that:
Proposal 8: The definition, configuration and signaling of UE antenna panel should be studied.  
Proposal 9: How to report the panel state information timely should be studied.
 
After gNB knows the activated panel information of a UE, it should schedule beams corresponding to the activated panels for the UE. As we know, a SSB, a CSI-RS resource or a SRS resource is used to indicate a beam of DL and UL transmission in NR, therefore, gNB should know which activated panel a SSB/CSI-RS/SSB is associated with in advance to schedule a beam for transmitting a UL or DL. The association relation between a beam and an activated panel should be maintained in gNB for scheduling. This association relation can only be originally obtained by the beam management in UE side, therefore, UE should reported it to gNB. Explicit way and implicit way of reporting the association relation between beam and activated panel can be designed. For example, a panel information ID or another ID carrying a same information as panel information ID can be reported with L1-RSRP/L1-SINR report to indicate the association between a beam and an activated panel by an explicit way. On the other hand, if UE reports multiple groups of RSs with enhanced group-based beam reporting, where all the RSs of a group are associated with an activated panel, this can be considered an implicit form of RS-panel association.  Both of explicit way and implicit way have specification impact and which one should be supported should be determined after the further studying the pros and cons of the two ways carefully. Based on the analysis before, we propose that:
Proposal 10: The association relation between a beam and an activated panel should be reported to gNB as part of beam reporting.
Proposal 11: Both explicit and implicit method of reporting of the association between a beam and an activated panel should be studied.



Conclusion
[bookmark: OLE_LINK1][bookmark: OLE_LINK6][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Proposal 1: Study how to support SDM/FDM/TDM based PDSCH  scheduled by a DCI without TCI field.
Proposal 2: Default TCI states for aperiodic CSI-RS reception in multi-DCI based multi-TRP scenario should be specified in Rel-17.
Proposal 3: Default spatial relation and PL-RS for UL signal including PUCCH, SRS and PUSCH scheduled by DCI format 0_0 in multi-TRP should be supported in Rel-17.
Proposal 4: Default TCI state(s) for PDSCH and aperiodic CSI-RS reception should be supported for cross carrier scheduling in CA considering different multi-TRP mode configuration per carrier .
Proposal 5: Dynamic control signaling such as MAC CE or DCI can be introduced to reduce overhead and latency for RRC configuration.
Proposal 6: Introduce UL-TCI in DCI to signal UL TX beam independently from the SRS resource to enhance flexibility for Rel-17 codebook-based PUSCH transmission. 
Proposal 7: Introduce UL-TCI based power control for Rel-17 codebook-based PUSCH transmission.
Proposal 8: The definition, configuration and signaling of UE antenna panel should be studied.  
Proposal 9: How to report the panel state information timely should be studied.
Proposal 10: The association relation between a beam and an activated panel should be reported to gNB as part of beam reporting.
Proposal 11: Both explicit way and implicit method of reporting of association relation between a beam and an activated panel should be studied.
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