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Background
In RAN plenary #94e, the work item on MIMO Evolution for Downlink and Uplink was approved [1]. According to the WID, the following work item needs to be studied, and if justified, specified.
6. Study, and if needed, specify the following items to facilitate simultaneous multi-panel UL transmission for higher UL throughput/reliability, focusing on FR2 and multi-TRP, assuming up to 2 TRPs and up to 2 panels, targeting CPE/FWA/vehicle/industrial devices (if applicable)
· UL precoding indication for PUSCH, where no new codebook is introduced for multi-panel simultaneous transmission
· The total number of layers is up to four across all panels and total number of codewords is up to two across all panels, considering single DCI and multi-DCI based multi-TRP operation.

In this contribution, we share our views on UL multi-panel transmission.

Discussions
For transmission scheme of STxMP PUSCH, the following working assumption was achieved.
	Working assumption
Support the following schemes for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme
· In RAN1#110bis-e, RAN1 will only consider SFN based transmission scheme to support in addition to the above. Decision to support or not to be made in RAN1#110bis-e.
· FFS: FDM-A scheme
· FFS: FDM-B scheme
· FFS: SFN-based transmission scheme
For schemes other than SDM, final decision to support or not will be made in RAN1#110bis-e.



Through past discussion, we have shared a common understanding for each scheme definition as bellow. 
[scheme]
SDM: different layers/DMRS ports of one PUSCH are separately precorded and transmitted from different UE panels simultaneously.
FDM-B: two PUSCH transmission occasions with same/different RV of the same TB are transmitted from different UE panels on non-overlapped frequency domain resources and the same time domain resources.
FDM-A: different parts of the frequency domain resource of one PUSCH transmission occasion are transmitted from different UE panels.
SFN: all of the same layers/DMRS ports of one PUSCH are transmitted from two different UE panels simultaneously.
SDM repetition: two PUSCH transmission occasions with different RV of the same TB are transmitted from two different UE panels simultaneously.In this contribution, we share our views on UL multi-panel transmission.
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Figure 1: Example of SDM scheme

Several schemes were considered, but at the last meeting it was agreed as a working assumption that the SDM scheme should be supported.Since the SDM scheme is expected to improve resource utilization efficiency and throughput, it is considered to be a more acceptable scheme than others. We should first agree to support the SDM scheme in order to advance the discussion.
Proposal 1: Supporting SDM scheme should be agreed upon, not as a working assumption.

For the layer combination of STxMP PUSCH SDM scheme, the following agreement was achieved.
	Agreement
For single-DCI based STxMP PUSCH SDM scheme, support the layer combinations of {1+1, 1+2, 2+1 and 2+2} for single CW case. 
· FFS on layer combinations of {1+3} and {3+1} considering the performance gain, system/UE complexity, specification efforts, etc.
· FFS: the option of using layer combination of 0+n and n+0 for dynamic switch between single-panel and STxMP (n=1 or 2, 3 or 4). 
· This applies to SDM with 1 CW at least.
.



Since interference between panels needs to be considered in SDM schemes with overlapping resources, various layer combinations should be supported for more flexible scheduling. But considering specification effort, we don’t support {1+3} and {3+1}. On the other hand, it is necessary to address the case where a large difference in channel status exists due to one panel being blocked or for some other reason. Thus we believe that using layer combination of {0+n, n+0} can be supported as optional function.
Proposal 2: Support the layer combination of {1+1, 1+2, 2+1 and 2+2}.
Proposal 3: Support the layer combination of {0+n and n+0} for dynamic switch.
For DMRS port indication and partition, the following agreement was achieved.
	Agreement
To enhance the DMRS port indication for SDM scheme of STxMP PUSCH transmission in single-DCI based mTRP system, study the following aspects:
· Whether the indicated DMRS ports can be in different or same CDM group?
· How to determine the port partition among PUSCH layers.
· How to map DMRS ports with PUSCH layers from different panels.
· Whether to use one DCI field or two DCI fields for DMRS port indication
· How to indicate layer combination that is used to partition DMRS port partition among PUSCH layers.
· Other aspects are not precluded.




Then, the following options were proposed in previous meeting.
· Option 1: reuse the current DCI field “Antenna ports” to indicate two different CDM groups for PUSCH transmission associated with different panels. 
· FFS: Add new entry (0,2,3) in port table for rank combination 1+2.
· FFS: the mapping between CDM group and UE panel/PUSCH transmission layers/SRS resource set.
· Option 1A: reuse the current DCI field “Antenna ports” to indicate DMRS ports associated with both panels.
· Option2: use the current DCI field “Antenna ports ” to indicate DMRS ports associated with both panels. DMRS ports of two panels can be in same or different CDM group. Rank combination indicated to the UE is used to partition the ports to two panels, for example as a new column in DMRS port indication table or reusing reserved bit. 
· Option 3: introduce a second “Antenna ports” field to indicate the ports for PUSCH associated with the 2nd panel.
As an assumption, adding a new field to the DCI for the second panel increases the overhead and negatively impacts coverage. Thus, we don’t support the Option 3 and it would be reasonable to reuse the current “Antenna ports” field. Regarding to Option 2, the same CDM group is not required unless the SFN scheme is adopted. We should discuss the association with the panel of CDM groups on the basis of Option 1.
Proposal 4: Don’t support to add a new field to the DCI for the second panel.
Proposal 5: We should discuss the association with the panel of CDM groups on the basis of Option 1.
For SRI/TPMI indication, the following options were proposed in previous meeting .
· Option 1-1: Configure two SRS resource sets for PUSCH. use the two SRI fields, two TMPI fields in current DCI to indicate SRS resources and precoding/rank for PUSCH from two panels. For CB PUSCH, each TMPI field separately indicates precoding and number of layers for each panel. For nonCB PUSCH, each SRI field separately indicates the SRS resources and number of layers for each panel. 
· Option 1-2: configure one SRS resource set. one SRI is used to indicate a pair of SRS resources. One TPMI indicates a precoding matrix across all SRS ports associated with indicated SRS resources or two TPMIs associated with each indicated SRS resource are indicated.
· Option 1-3: Configure two SRS resource sets for PUSCH. reuse the two SRIs field, two TMPI field in DCI to indicate SRS resources and TPMI for PUSCH from two panels. For CB PUSCH, each TMPI field separately indicates only the precoding for each panel. For nonCB PUSCH, each SRI field separately indicates only the SRS resources for each panel. The number of layers per panel is indicated by the “Antenna ports” field and layer combination is added as a new column in DMRS port indication table.

We support configuring two SRS resource sets to indicate precoding in each panel. Since there are already two SRI fields and two TPMI fields, reuse of these exsiting field should be start point. Reusing SRI and TPMI requires the association of each resource or field with the panel. The simplest approach would be to set an panel related informaiton for indicating which panel the SRS resource set is associated with.
Observation 1: Associating SRS resource sets with panels is reasonable way.
Proposal 6: Support configuration of two SRS resource sets and reusing exsisting SRI and TPMI fields.

Conclusion
In this contribution, we have the following proposal:
Proposal 1: Supporting SDM scheme should be agreed upon, not as a working assumption.
Proposal 2: Support the layer combination of {1+1, 1+2, 2+1 and 2+2}.
[bookmark: _GoBack]Proposal 3: Support the layer combination of {0+n and n+0} for dynamic switch.
Proposal 4: Don’t support to add a new field to the DCI for the second panel.
Proposal 5: We should discuss the association with the panel of CDM groups on the basis of Option 1.
Observation 1: Associating SRS resource sets with panels is reasonable way.
Proposal 6: Support configuration of two SRS resource sets and reusing exsisting SRI and TPMI fields.
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