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Introduction
During RAN#94e, a new WID for Rel-18 MIMO evolution for DL and UL was agreed [1]. One of the objectives is: 
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.
· UL beam indication for PUCCH/PUSCH, where unified TCI framework extension in objective 2 is assumed, considering single DCI and multi-DCI based multi-TRP operation
For the case of multi-DCI based multi-TRP operation, only PUSCH+PUSCH, or PUCCH+PUCCH is transmitted across two panels in a same CC.

During RAN1#110 meeting, the following agreements were made:
Working assumption (RAN1#110)
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.

Agreement 1 (RAN1#110)
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.

Agreement 2 (RAN1#110)
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.

Agreement 3 (RAN1#110)
Study and evaluate STxMP PUCCH based on the following:
· For single-DCI based STxMP PUCCH transmissions, companies to provide the detailed description of the scheme being evaluated along with evaluation results in contribution.
· For multi-DCI based STxMP PUCCH transmissions, transmitting two PUCCH resources with independent UCI payload to different TRPs with different UE panels that are fully or partially overlapping in time domain and partially/fully/non-overlapping in frequency domain can be considered.
· Note: Companies can reuse the EVM assumptions of Rel-18 STxMP as agreed in RAN1#109-e (other than the parameters that are specific to PUSCH) as well as Rel-17 EVM for PUCCH as agreed in RAN1#102-e (PUCCH format, # of RBs/symbols, UCI payload, and Frequency hopping as shown below).
· Baseline scheme can be Rel-15 PUCCH or Rel-17 mTRP PUCCH repetition.
	Parameters
	Potential values

	Baseline scheme
	Rel-15 PUCCH or Rel-17 mTRP PUCCH repetition

	PUCCH format
	Format 1 and 3.
Other PUCCH Formats can be optionally considered.

	# of RBs/symbols
	PUCCH Format 1: 4 symbols, 1 RB
PUCCH Format 3: 4 and 8 symbols, 1 RB
Other combinations are not precluded.

	UCI payload
	2 bits for PUCCH Format 1 (and Format 0, if considered). 
Companies to report assumptions on other PUCCH Formats

	Frequency hopping
	Reported by companies



Discussion
Simultaneous multi-panel transmission (STxMP) was discussed in Release16, but it was discontinued due to the high complexity needed for a UE capable of simultaneous transmission over multiple panels. In principle, enabling simultaneous UL transmissions from two UE panels to two TRPs respectively can increase the throughput of the UL channel, and it can also be used to improve the reliability of the UL transmissions. Moreover, STxMP is mainly useful in scenarios where the two transmission panels on the UE have comparable path loss towards the respective TRPs on the UL (for example in dense urban environment). Otherwise, the UE would select the panel with higher path gain for UL TX. This emphasizes the need for dynamic switching between STxMP transmission and single panel selection. 
[bookmark: _Hlk115426994]Support dynamic switching between STxMP transmission and single panel selection. 
The WID targets CPE/FWA/vehicle/industrial devices which have higher transmission power levels than handheld UE devices. RAN4 spec defines the maximum output power for various UE types in FR2 (see Table 1), but perhaps RAN 1 should further specify technical assumptions regarding the targeted devices (CPE/FWA/vehicle/industrial), for example, power class definition, panel switching latency among a pool of panels, antenna ports coherency between panels, and total UE power constraint etc.  
	UE Power class
	UE type

	1
	Fixed wireless access (FWA) UE

	2
	Vehicular UE

	3
	Handheld UE

	4
	High power non-handheld UE

	5
	Fixed wireless access (FWA) UE

	6
	High Speed Train Roof-Mounted UE

	7
	RedCap UE


Table 1: 38.101-2 assumption of UE Types (Table 6.2.1.0-1)
Finally, the transmission chain architecture at the UE has a big impact on the feasibility of the various STxMP transmission schemes. For example, do the two panels have separate or shared IF filters, power amplifiers etc and how these are connected with the baseband unit? Therefore, we should distinguish between one codeword and two codeword transmission scenarios in UL STxMP, not only in terms of throughput, but also in terms of complexity. 
Two codeword transmission for UL STxMP increases complexity of the UE. 
Furthermore, UE capability value set index was introduced in Rel-17 for MP-UE fast panel switching as part of the unified TCI framework. Release 17 does not support the network knowing which antenna panels the UE can use for STxMP transmission. We can introduce a panel index in the UE reporting where the UE informs the gNB about the correspondence between the panel index and CSI-RS/SSB index
Study enhancements to UE capability value set index reporting to support UL STxMP operation. 
Single-DCI based STxMP PUSCH SDM scheme
Regarding Agreement 1 (RAN1#110) (see above), for release 17 multiTRP PUSCH transmission, the UE is indicated with two power control parameter sets. Following the same approach for STxMP, we would expect a balanced link quality to the two TRPs, and hence 1 CW transmission for single-DCI based STxMP PUSCH SDM scheme (Figure 1) should be enough. 
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Figure 1. PUSCH SDM scheme


Do not support two CWs for single-DCI based STxMP PUSCH SDM scheme
Do not support {1+3} and {3+1} layer combinations.

Finally, in release 17 for multiTRP PUSCH, a new DCI field was introduced for PUSCH repetition.
 
	Codepoint
	SRS resource set(s)
	SRI (for both CB and NCB)/TPMI (CB only) field(s)

	00
	s-TRP mode with 1st SRS resource set (TRP1)
	1st SRI/TPMI field (2nd field is unused)

	01
	s-TRP mode with 2nd SRS resource set (TRP2)
	1st SRI/TPMI field (2nd field is unused)

	10
	m-TRP mode with (TRP1,TRP2 order)
1st SRI/TPMI field: 1st  SRS resource set
2nd SRI/TPMI field: 2nd SRS resource set
	Both 1st and 2nd SRI/TPMI fields

	11
	m-TRP mode with (TRP2,TRP1 order)
1st SRI/TPMI field: FFS
2nd SRI/TPMI field: FFS
	Both 1st and 2nd SRI/TPMI fields



We propose to use this DCI field to switch between single and multiTRP transmission.
Do not support using layer combination of 0+n and n+0 for dynamic switch between single-panel and STxMP (n=1 or 2, 3 or 4). 

We have the following agreements in RAN1#109e and 110 respectively
Agreement 5 (RAN1#109e)
Study the enhancement of SRS resource set configuration and SRI/TPMI indication for single-DCI based STxMP PUSCH scheme:
· The configuration of two SRS resource sets, SRS resource set indicator field, two SRI fields and two TPMI fields of Rel-17 mTRP PUSCH TDM repetition is the starting point.
· FFS: The configuration of one SRS resource set, one or two SRI fields and one or two TPMI fields
· Note: This proposal does not mean that any possible SRI/TPMI enhancement on STxMP would be precluded. In RAN1#110, companies can suggest the detail SRI/TPMI enhancement with reasonable analysis and evaluation result.

Agreement 2 (RAN1#110)
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.

To support SDM scheme, for CB/NCB  PUSCH, per panel/TRP SRI/TPMI indication is needed and hence we can reuse what we already have in Rel-17 M-TRP PUSCH. The other option would be to have one SRI/TPMI indication. For NCB PUSCH, this can only support the cases where total number of antenna ports across two panels is up to four. Moreover, for CB PUSCH, the WID indicates that no new codebook is introduced, and the existing codebook cannot support the case where one panel is indicated with non-coherent precoder while the other is indicated with coherent precoder. 
Support two SRS resource sets for codebook based or non-codebook based PUSCH
Unlike PUSCH repetition scheme in Release 18, the indicated number of layers in UL STxMP associated with the two SRS resource sets is not necessarily the same. Hence, for NCB PUSCH, the number of SRS resources indicated by the second SRI field may not be the same as the number of SRS resources indicated by the first SRI field, and for CB PUSCH, the number of layers indicated by the second TPMI may not be the same as the number of layers indicated by the first TPMI field. 
Some companies are proposing to have the DMRS ports associated with different beams belonging to 2 different CDM groups where first TCI state is associated with first CDM group determined by the first antenna port in the antenna port table. We can also get around this restriction. The total rank would be determined by the sum of RI for first SRI/TPMI (r1) and RI for second SRI/TPMI (r2). The first r1 DMRS ports among indicated DMRS ports are allocated for first TCI state and rest are for second TCI state.

For SDM scheme of STxMP PUSCH transmission in single-DCI based mTRP, use one DCI field for DMRS port indication. 
Multi-DCI multi-PUSCH Transmission 
Release 16 supports two-DCI two-TRP PUSCH transmission, where each TRP schedules its own PUSCH using a DCI associated with a CORESET pool index. However, the resource allocations for the two scheduled PUSCH transmissions do not overlap in time and are transmitted in a TDM manner. Despite using separate DCIs, the CORESET pools share the same PUSCH-Config IE, and hence the same UL scheduling parameters are shared such as power control and codebook configuration, imposing constraints on the scheduling flexibility. 
Support separate codebook configuration for different Tx panels.
Similar to release 16, here for STxMP multi-DCI PUSCH transmission, one DCI with CORESET pool index 0 can be used to schedule a PUSCH transmission on the first panel, and a second DCI with CORESET pool index 1 can be used to schedule a PUSCH transmission on the second panel. However, for CG-PUSCH, the association with coresetPoolIndex value should be defined. 
For multi-DCI based PUSCH, support two SRS resource sets, where the first SRS resource set is associated with coresetPoolIndex value 0, and the second SRS resource set is associated with coresetPoolIndex value 1.

Conclusions
Based on the discussion above, we propose the following:
1. Support dynamic switching between STxMP transmission and single panel selection. 
1. Two codeword transmission for UL STxMP increases complexity of the UE. 
Study enhancements to UE capability value set index reporting to support UL STxMP operation. 
Do not support two CWs for single-DCI based STxMP PUSCH SDM scheme
Do not support {1+3} and {3+1} layer combinations.
Do not support using layer combination of 0+n and n+0 for dynamic switch between single-panel and STxMP (n=1 or 2, 3 or 4).
Support two SRS resource sets for codebook based or non-codebook based PUSCH
For SDM scheme of STxMP PUSCH transmission in single-DCI based mTRP, use one DCI field for DMRS port indication.
Support separate codebook configuration for different Tx panels.
For multi-DCI based PUSCH, support two SRS resource sets, where the first SRS resource set is associated with coresetPoolIndex value 0, and the second SRS resource set is associated with coresetPoolIndex value 1.
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Older Agreements
Moreover, during RAN1#109e meeting, the following agreements were made:
Agreement 1 (RAN1#109e)
On unified TCI framework extension, consider all the intra and inter-cell MTRP schemes specified in Rel-16 and Rel-17
· Consider, if STxMP is supported, Rel-18 MTRP scheme(s) with STxMP 


Agreement 2 (RAN1#109e)
On UE power limitation for STxMP for FR2, send LS to RAN4 to check the followings:
· Whether it is feasible to assume power limitation per panel for STxMP (Assumption 1)
· Whether it is feasible to assume a total power limitation per UE over all UE panels used for STxMP (Assumption 2)
· In either of Assumption1 or Assumption 2, whether the total power limitation per UE over all UE panels used for STxMP or the sum of per-panel power limitation for STxMP can be different from (greater than) the existing power limitation for a given power class?
· If both Assumption 1 and Assumption 2 are feasible, whether both assumptions can be applied to a same UE, and what is the relationship between the per-panel power limitation and total power limitation if both are applied (e.g., the sum of per-panel power limitation can be larger than the total power limitation per UE, or should be always the same)?
FFS: Detail of exact LS if agreed
Note: Scenarios of above include at least single carrier scenario for FR2
Note: Above power limitation includes both total radiated power and EIRP
LS to RAN4 (approved on May 24th, see below).


Agreement 3 (RAN1#109e)
For STxMP PUSCH in single-DCI based mTRP system, study and evaluate the following schemes for PUSCH:
· SDM scheme: different layers/DMRS ports of one PUSCH are separately precoded and transmitted from different UE panels simultaneously. 
· Study and evaluate whether to support 2 CWs in SDM manner and transmitted from two different panel simultaneously. 
· FDM-B scheme: 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 scheme: different parts of the frequency domain resource of one PUSCH transmission occasion are transmitted from different UE panels.
· SFN-based transmission scheme: all of the same layers/DMRS ports of one PUSCH are transmitted from two different UE panels simultaneously.
· SDM repetition scheme: two PUSCH transmission occasions with different RV of the same TB are transmitted from two different UE panels simultaneously.

Note: Companies are encouraged to evaluate the different schemes for possible down-selection in RAN1#110.
Note: other schemes are not precluded


Agreement 4 (RAN1#109e)
For multi-DCI based STxMP PUSCH+PUSCH transmission, study and evaluate the following aspects:
· Two PUSCHs are associated with different TRPs and transmitted from different UE panels. The total number of layers of these two PUSCHs is up to 4.
· Study STxMP of PUSCH+PUSCH transmission where it is some combination of DG-PUSCH, CG-PUSCH and msg3/msgA PUSCH.
· The overlapping type(s) of fully/partially in time domain and fully/partially/non-overlapping in frequency domain are to be studied and justified for PUSCH+PUSCH.
Note: The above study shall take into account the UE implementation and RF considerations.
Note: Study the conditions required for STxMP PUSCH+PUSCH.
Note: Other aspects are not precluded.

Agreement 5 (RAN1#109e)
Study the enhancement of SRS resource set configuration and SRI/TPMI indication for single-DCI based STxMP PUSCH scheme:
· The configuration of two SRS resource sets, SRS resource set indicator field, two SRI fields and two TPMI fields of Rel-17 mTRP PUSCH TDM repetition is the starting point.
· FFS: The configuration of one SRS resource set, one or two SRI fields and one or two TPMI fields
· Note: This proposal does not mean that any possible SRI/TPMI enhancement on STxMP would be precluded. In RAN1#110, companies can suggest the detail SRI/TPMI enhancement with reasonable analysis and evaluation result.

Agreement 6 (RAN1#109e)
Study the layer combinations of {1+1, 1+2, 2+1, 2+2} for the SDM scheme (if supported) of single-DCI based STxMP PUSCH,
· This is for 1 CW at least.
· The layer combination for the SDM scheme can be further studied for 2 CW if 2 CW in SDM scheme is supported.
· FFS: study the layer combinations of {1+3, 3+1} under the above conditions.
· Companies are encouraged to provide SLS/LLS for their proposed layer combinations for the SDM scheme of single-DCI based STxMP PUSCH.

Agreement 7 (RAN1#109e)
Study if any enhancement is needed on DMRS port indication for the SDM scheme (if supported) of single-DCI based STxMP PUSCH 
· FFS how to map DMRS ports to two joint/UL TCI states/CWs/panels/TRPs/SRS resource sets/PUSCH layers for codebook-based and non-codebook based PUSCH respectively.

In this document we focus on the UL precoding indication for STxMP in multi-TRP whereas UL beam indication is discussed in AI 9.1.1.1. 
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