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1	Introduction
During RAN#94-e, a new WID for Rel-18 MIMO evolution for DL and UL was agreed. [1]. The objective of the work item concerning precoding for multi-panel UL transmission reads:
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.

For completeness, the full objective is included. Parts that are not applicable for this AI are written in Italics.
In this contribution, we will provide simulation results on the STxMP performance using the agreed EVMs. We will also discuss design aspects of an STxMP solution.
[bookmark: _Ref178064866]2	Discussion
2.1	Design considerations for single-DCI based STxMP
2.1.1	Precoding and number of layers for SDM/SFN STxMP scheme
For SDM STxMP transmission, the maximum rank per TRP (per SRS resource set) can differ from the maximum rank during sTRP transmission. One reason for this is that it has been agreed that a maximum of 2 layers per TRP will be supported for SDM STxMP transmission, while sTRP transmission may support up to 4 layers to a single TRP. The following working assumption from RAN1#112 addresses how NW configures UE with a maximal number of layers for sTRP and SDM STxMP transmission, respectively:
Working Assumption
For dynamic switching between STxMP SDM scheme and sTRP transmission, support the following:
· For sTRP transmission: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) as in current spec (i.e., Option 1).
· For SDM scheme: configure one single maximal number of layers (separate from maxRank (or Lmax) for sTRP) that is applied to the first SRS resource set and the second SRS resource set, separately (i.e., Alt1).
· FFS: Whether/How to enable that the total number of used PUSCH antenna ports for the SDM and sTRP is the same. 
· Note: This corresponds to the case that digital ports are shared between the panels.
· Note: RAN1 supports both implementations that digital ports are shared or separate among panels.

The FFS bullet in the above working assumption addresses whether/how to support STxMP for UEs with “shared digital ports over panels”. Figure 1 illustrates (for a UE that supports two SRS resource sets with up to 4 SRS ports per SRS resource set) how such UEs differ from UEs with “separate digital ports per panel”. Note that a UE with  separate digital ports per panel can map PUSCH layers to up to all of 4 SRS ports per SRS resource set whereas a UE with  shared digital ports over panels can map PUSCH layers to up to 4 SRS ports over both SRS resource sets. Based on RAN1#112 discussions, It is our understanding that different UE/chipset vendors have different implementations in mind and, hence, it would be preferred to support both options, if possible.
[bookmark: _Toc135049367]Support both UE implementations with separate digital ports per panel and with shared digital ports over panels.  
[image: ]
[bookmark: _Ref131759576]Figure 1	PUSCH transmission for UE with 4 physical ports per panel, and 4 separate digital ports per panel (left figure) and 4 shared digital ports over panels (right figure).
Note that the above working assumption addresses only how NW will configure UE with max rank for sTRP and SDM STxMP transmission. To support both UE implementations (i.e., both separate and shared digital ports), UE needs to report support for a maximal number of layers for SDM STxMP scheme that can be different from legacy parameters (i.e., maxNumberMIMO-LayersCB-PUSCH and maxNumberMIMO-LayersNonCB-PUSCH) for sTRP scheme. E.g., a UE with 2 physical ports per panel and 2 shared digital ports over panels reports  and , and UE with 2 physical ports per panel and 2 separate digital ports per panel (or 4 shared digital ports over panels) reports  and , where  and  is the supported maximum number of layers for sTRP and SDM STxMP transmission, respectively. Hence, we propose:
[bookmark: _Toc135049368]Introduce new UE capabilities, for both CB- and NCB-based precoding, for reporting a maximum number of layers for SDM STxMP transmission.
SDM (and SFN) STxMP precoding for a UE with separate digital ports per panel becomes straightforward: NW can indicate an appropriate precoder independently for one or both of the first and second SRS resource set, where the precoder(s) is such that PUSCH layers are mapped to up to all  SRS ports of an SRS resource set. 
Precoding indication for a partially coherent (PC) or fully coherent (FC) UE with shared digital ports over panels, on the other hand, requires some special consideration. For example, a UE with  shared digital ports over panels can map PUSCH layers to either up to all  SRS ports of a single SRS resource set (for sTRP transmission) or to at most  SRS ports per SRS resource set (for SDM STxMP transmission). 
Since the WID states that no new CBs are to be introduced for STxMP, one of the following alternatives should be adopted to support CB-based operation for UEs with  shared digital ports over panels: 
Alt1: UE reports noncoherent (NC) capability for both sTRP and STxMP scheme
· For sTRP, NC/PC/FC UE can be configured with a -port NC precoder (for which rank can be up to 4) mapped to the first or second SRS resource set.
· For SDM STxMP, NC/PC/FC UE can be configured with a pair of -port NC precoders (for which rank is up to 2) mapped to the first and second SRS resource set.
· Note: This alternative requires no specification impact but has the drawback that only NC precoders can be used for both sTRP and SDM scheme irrespectively of whether UE supports PC/FC precoding or not.
Alt2: NW configures UE with -port precoder for sTRP scheme and with -port precoder  for SDM STxMP scheme.
· For sTRP, NC/PC/FC UE can be configured with a -port NC/PC/FC precoder (for which rank can be up to 4) mapped to the first or second SRS resource set.
· For SDM STxMP, NC/PC/FC UE can be configured with a pair of -port NC/PC/FC precoders (for which rank is up to 2) mapped to the first and second SRS resource set.
· Note: This alternative enables coherent precoding over all SRS ports of a single SRS resource set and coherent precoding over a subset (half) of the SRS ports of two SRS resource sets.
Alt3: UE reports separate coherence capability for sTRP and STxMP scheme. E.g., PC/FC UE reports PC/FC capability for sTRP scheme and NC capability for SDM STxMP scheme.
· For sTRP, NC/PC/FC UE can be configured with a -port NC/PC/FC precoder (for which rank can be up to 4) mapped to the first or second SRS resource set.
· For SDM STxMP, NC/PC/FC UE can be configured with a pair of -port NC precoders (for which rank is up to 2) mapped to the first and second SRS resource set.
· Note: This alternative enables coherent precoding over all SRS ports of a single SRS resource set and non-coherent precoding (antenna-selection) over the SRS ports of two SRS resource sets.
To determine whether Alt1, which requires no additional specification impact (e.g., FC UE with separate digital ports per panel can report FC capability and FC UE with shared digital ports over panels can report NC capability), yields sufficiently good performance, we next present SLS results for the different alternatives. Specifically, we evaluate the performance in terms of mean and cell-edge user throughput for a FC UE with 4 shared digital ports over panels configured with two SRS resource sets with 4 SRS ports each and for two different UE-panel architectures:
UE with two panels (at left and right side of UE, where both panels are pointing away from the UE) with 4 physical ports each, as depicted in Figure 2. Here, each panel consists of two sub-arrays, which, in turn, consists of two directional/dual-polarized antenna elements. Each SRS resource set is mapped to a separate panel, as depicted in the figure.
UE with four panels (at left, top, right, and bottom side of UE, where all panels are pointing away from the UE) with 2 physical ports each, as depicted in Figure 3. Here, each panel consists of one sub-array, which, in turn, consists of four directional/dual-polarized antenna elements. Each SRS resource set is mapped to a separate pair of panels, as depicted in the figure.
[image: ]
[bookmark: _Ref131596354]Figure 2	UE with two SRS resource sets mapped to two four-port panels.
[image: ]
[bookmark: _Ref131767002]Figure 3	UE with two SRS resource sets mapped to four two-port panels.
In Figure 4, we show the mean and cell-edge user throughput in an indoor hotspot (InH) scenario and with the different alternatives for the UE depicted in Figure 2. In Figure 5, we show the corresponding results for UE depicted in Figure 3. Here, the UE rotation is random (in both azimuth and elevation) and the NW schedules UE with either sTRP transmission or SDM STxMP transmission depending on channel conditions and system load. Furthermore, for the SDM STxMP scheme with Alt2, PUSCH layers are mapped to P1/P3 (not P2/P4), i.e., both sub-arrays per panel are sounded, but PUSCH layers can be mapped to only one of them for SDM STxMP scheme (PUSCH layers can be mapped to both sub-arrays for sTRP scheme). The remaining SLS parameters are summarized in the Appendix. 
[image: ][image: ]
[bookmark: _Ref131596324]Figure 4	Mean and cell-edge user throughput with the different alternatives and for the UE depicted in Figure 2. Here, the round, square, and diamond markers correspond to 20%, 50%, and 70% resource utilization for Alt1, respectively.
We start by noting from Figure 4 that, for the 2-panel UE in Figure 2, which has 2 physical ports per polarization and per panel, Alt1, which supports only non-coherent precoding for sTRP transmission, performs significantly worse than Alt2 and Alt3. 
[bookmark: _Toc135049362]Alt1 yields lower throughput than Alt2 and Alt3 for the UE depicted in Figure 2. 
We further note from Figure 4 that both Alt2 and Alt3, which enables FC precoding for sTRP transmission, has similar performance for the 2-panel UE in Figure 2. For the 4-panel UE in Figure 3, however, the situation is different as Alt2 results in worse performance compared to other alternatives.
[bookmark: _Toc135049363]Alt2 yields lower throughput than Alt1 and Alt3 for the UE depicted in Figure 3.
[image: ][image: ]
[bookmark: _Ref131602603]Figure 5	Mean and cell-edge user throughput with the different alternatives and for the UE depicted in Figure 3. Here, the round, square, and diamond markers correspond to 20%, 50%, and 70% resource utilization for Alt1, respectively.
To understand why Alt3 (and Alt1) outperforms Alt2 for the 4-panel UE in Figure 3, we show in Figure 6, the “STxMP ratio” (an “STxMP ratio” of 1 correspond to the case that all UEs are scheduled with SDM transmission and an “STxMP ratio” of 0 corresponds to the case that all UEs are scheduled with sTRP transmission). We observe that:
[bookmark: _Toc135049364]With Alt2, NW is less likely to schedule UE with SDM STxMP transmission.
For the sTRP case, Alt2 and Alt3 are the same, i.e., the set of precoders are 4-port NC+PC+FC precoders mapped to P1/P2 or P3/P4. For the SDM STxMP case, however, they are different. Indeed, with Alt3, the set of 4-port NC precoders are mapped to at most 2 physical ports in each of P1/P2 and P3/P4. On the other hand, with Alt2, the set of 2-port NC+PC+FC are mapped to P1/P3. Hence, with Alt3, NW can schedule non-coherent SDM STxMP transmission from P1/P3, P2/P3, or P3/P4, and, with Alt2, it can schedule coherent SDM STxMP transmission only from P1 and P3. It turns out that, as verified in Figure 5, for the 4-panel UE in Figure 3, the panel selection provided by Alt3 is preferred over the co-phasing provided by Alt2.
[image: ]
[bookmark: _Ref131601737]Figure 6	STxMP ratio for the different alternatives and for the UE depicted in Figure 3.
Since Alt3 yields the highest throughput (in both Figure 4 and Figure 5) for both UEs, it is the preferred solution. With Alt3, the uplink CB subset for the STxMP SDN (and SFN) scheme is smaller than or equal to the uplink CB subset for the sTRP scheme, which can be supported through the following;
[bookmark: _Toc135049369]Introduce new UE coherence capability for STxMP SDM/SFN transmission that can be different from legacy UE coherence capability (i.e., pusch-TransCoherence). The new and legacy UE coherence capability is used to determine the uplink CB subset for STxMP SDM/SFN and sTRP transmission, respectively. 
Since UE can anyway be configured with a new max rank that is different from the legacy max rank, for the SDM/SFN scheme as per the above working assumption, it seems straightforward to also configure a different uplink CB subset for the SDM/SFN scheme. For example, FC UE (according to legacy coherency capability) with separate digital ports per panel can report FC capability for SDM/SFN scheme and FC UE with shared digital ports over panels can report NC capability for sTRP scheme. 
In RAN1#112, it was agreed that a separate parameter will be used also for configuring the maximal number of layers for SFN STxMP transmission: 
Agreement (RAN1#112)
On dynamic switching between STxMP SFN scheme and sTRP transmission:
The legacy maxRank/Lmax is applied to sTRP transmission.
· For configuration of SFN,
· Alt2: Configure a separate parameter for the maximal number of layers for STxMP SFN.

An open question is whether the max rank for SFN STxMP should be 2 or 4. It is our understanding that companies with different views also have different UE implementations (i.e., separate or shared digital ports) in mind. E.g., a UE with 4 physical ports per panel and 4 shared digital ports over panels would support only an SFN STxMP transmission of up to rank 2 whereas a UE with 4 physical ports per panel and 4 separate digital ports per panel would support an SFN STxMP transmission of up to rank 4. 
Next, we present LLS results for a UE with 4 antenna ports per panel, configured with two SRS resource sets and transmitting using the SFN STxMP scheme (no dynamic switching between SFN STxMP and sTRP transmission) with up to 1, 2 or 4 layers for the case of a fixed MCS and variable MCS (with a target BLER of ), respectively. The remaining LLS parameters are summarized in the Appendix.
[image: ]  [image: ]
[bookmark: _Ref135047821][bookmark: _Hlk135067417]Figure 7 	LLS results for a UE with 4 ports/panel configured with SFN STxMP with a fixed MCS (MCS = 0) in terms of BLER and throughput for rank up to 1, 2, and 4.
[image: ]  [image: ]
[bookmark: _Ref135047823]Figure 8	LLS results for a UE with 4 ports/panel configured with SFN STxMP and adaptive MCS (in the range [0, 5] and for a target BLER of  10-4) in terms of BLER and throughput for rank up to 1, 2, and 4.
We note from the LLS results shown in Figure 7 and Figure 8 that supporting SFN STxMP with up to rank 4 results in significant throughput gains compared to SFN STxMP with up to rank 2 in the high-SNR regime, while still achieving low BLER.
Based on the above results and discussion, to support both UE implementations, like for the SDM STxMP case, we propose the following:
[bookmark: _Toc135049370]Introduce new UE capabilities, for both CB- and NCB-based precoding, for reporting a maximum number of layers for SFN STxMP transmission.
With the above proposal, UE with 4 physical ports per panel and 4 separate digital ports per panel can support rank-4 SFN STxMP and, hence, we propose:
[bookmark: _Toc135049371]The maximum number of layers for SFN STxMP is 4, subject to UE capability.
It seems straightforward that a UE capable of STxMP should be able to also sound two SRS resource sets at the same time (SRS STxMP). However, this holds only if UE has separate digital ports per panel or sufficiently many shared digital ports over panels (see Figure 9). Indeed, for, e.g., the UE with shared digital ports over panels depicted in Figure 1, the number of SRS ports over both panels (8) is larger than the number of shared digital ports over panels (4). Hence, UE needs to inform NW about whether it is capable of simultaneous SRS transmission and we therefore propose:
[bookmark: _Toc135049372]Introduce new UE capability for supporting two SRS resource sets with usage ‘codebook’ or ‘nonCodebook’ in the same OFDM symbol. 

[image: ]
[bookmark: _Ref131778494]Figure 9	SRS STxMP transmission possible depending on number of separate digital ports per panel or number of shared digital ports over panels. Here, gray/dashed lines indicate that SRS resource sets are configured but not sounded in the same OFDM symbol. 
2.2.2	Dynamic switching between SDM/SFN STxMP and sTRP scheme
It was agreed in RAN1#111 that dynamic switching between SDM STxMP and SFN STxMP will not be supported. Furthermore, during RAN1#112, it was concluded that dynamic switching between SDM/SFN STxMP and Rel-17 mTRP repetition will not be supported either:
Conclusion
There is no consensus to support dynamic switching between STxMP SDM/SFN scheme and Rel-17 mTRP PUSCH TDM scheme.

Since dynamic switching between SDM STxMP, SFN STxMP, and Rel-17 mTRP repetition will not be supported, and since all these schemes are configured with two SRS resource sets. RRC signaling is required to switch between these schemes, and the fields present in DCI Format 0_1 and 0_2 will depend on this RRC signaling. The next two RAN1#112bis-e agreements concern dynamic switching for SDM STxMP and SFN STxMP.
Agreement (RAN1#112bis-e)
The codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SDM and sTRP transmission are interpreted and the SRI/TPMI fields are designed as follows:
The codepoints 00 and 01 indicate sTRP transmission. 00 indicates the first SRS resource set and 01 indicates the second SRS resource set. For SRI/TPMI field design, down-select one from the following Alts:
· Alt1: The DCI has two SRI fields and two TPMI fields. The first SRI field and first TPMI field are associated the first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01. The second SRI field and second TPMI fields are reserved.
· Alt2: the DCI has only one SRI field and one TPMI field. The SRI and TPMI field are associated with the first SRS resource set if codepoint=00 or the second SRS resource set if codepoint = 01. 
· Alt3: The DCI has two SRI fields and two TPMI fields. The first SRI field and second SRI field are concatenated into one SRI field. The first TPMI field and second TPMI field are concatenated into one TPMI field. The concatenated SRI field and the concatenated TPMI field are associated with first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01.
· FFS: If the concatenated bits are not sufficient, additional bits are appended to concatenated bits in order to support this feature
· Alt4: the DCI has two SRI fields and two TPMI fields.
· When the codepoint is 00, the first SRI field and first TPMI field are associated with the first SRS resource set. The second SRI field and second TPMI field are reserved. 
· When the codepoint is 01, the second SRI field and second TPMI field are associated with the second SRS resource set. The first SRI field and first TPMI field are reserved.
The codepoints 10 indicate SDM transmission with the first and second SRS resource set.
· The first SRI field and first TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the first SRS resource set.
· The second SRI field and second TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the second SRS resource set.
FFS: The codepoint 11 is reserved.

Agreement (RAN1#112bis-e)
The codepoints of “SRS resource set indicator” in DCI for dynamic switching between STxMP SFN and sTRP transmission are interpreted and the design of SRI/TPMI fields are as follows:
The codepoints 00 and 01 indicate sTRP transmission. 00 indicates the first SRS resource set and 01 indicates the second SRS resource set. 
· For the design of SRI/TPMI fields, re-use the design that is decided for dynamic switching between STxMP SDM and sTRP transmission.
The codepoint 10 indicates STxMP SFN transmission with the first and second SRS resource set. 
· The first SRI field and first TPMI field are associated with the first SRS resource set and they indicate the precoder(s)/rank/SRI for the first SRS resource set.
· The second SRI field and second TPMI field are associated with the second SRS resource set and they indicate the precoder(s)/SRI for the second SRS resource set (the rank is indicated by the first SRI field for NCB or the first TPMI field for CB)
FFS: The codepoint 11 is reserved.

Alt1 is the legacy/straightforward solution (same as for Rel-17 mTRP repetition) for which there is one SRI/TPMI field per SRS resource set. To deviate from this solution should be motivated by significant overhead reductions. 
Alt2 is similar to Alt1, except that the mapping from SRI/TPMI fields is different. Since Alt2 yields no overhead reductions compared to Alt1 and results in different behaviors for Rel-17 mTRP repetition and Rel-18 STxMP, we prefer Alt1 over Alt2.
With Alt3/Alt4, the two SRI/TPMI fields for STxMP SDM (and STxMP SFN) transmission are concatenated into one field for sTRP transmission. This can potentially result in overhead reductions if the size of the SRI/TPMI fields are different for sTRP and SDM transmission (e.g., if the max sTRP rank is different from the max STxMP SDM rank). To quantify/exemplify such potential overhead reductions, we next consider a UE with separate digital ports (we consider this UE with separate digital ports since support for UE with shared digital ports has not yet been agreed) configured with CB-based operation.
In Table 1, we show the size per TPMI field for sTRP/SDM transmission, as a function of the number of sTRP/STxMP SDM SRS ports, sTRP/STxMP SDM max rank, and UE coherency. Overhead reductions can be achieved if the sTRP overhead is larger than the SDM overhead (see rightmost column in Table 1 for the potential overhead reduction by concatenating two TPMI fields into one). We note that it is possible to save up to 2 bits of DCI overhead only for the special case when both sTRP and STxMP SDM transmission modes have 2 SRS ports and are configured with PC/FC CB and maximum rank 2 and 1, respectively. However, considering that the UE has separate ports per panel, it is not clear why or if a UE would report SDM max rank less than sTRP max rank for PC/FC CB. Hence, we don’t think it is likely that Alt3/Alt4 will result in any DCI overhead reductions for practical cases.
[bookmark: _Ref135000825]Table 1	TPMI size for Dynamic switching between sTRP and STxMP SDM.
	TPMI for sTRP and STxMP SDM (separate ports per panel)

	sTRP SRS ports
	sTRP max rank
	SDM
SRS ports
	SDM max
rank
	sTRP NC/PC/FC TPMI bits
	SDM NC/PC/FC TPMI bits
	Potential overhead reduction by concatenating TPMI fields

	2
	2
	2
	1
	2/4/4
	1/3/3
	0/2/2 

	2
	2
	2
	2
	2/4/4
	2/4/4
	0/0/0

	4
	2
	4
	2
	4/5/6
	4/5/6
	0/0/0

	4
	4
	4
	2
	4/5/6
	4/5/6
	0/0/0



Based on the above, we propose:
[bookmark: _Toc135049373]Support Alt1 (The DCI has two SRI fields and two TPMI fields. The first SRI field and first TPMI field are associated the first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01. The second SRI field and second TPMI fields are reserved).
To address the FFSs, we start by noting that for mTRP PUSCH repetition, two codepoints for mTRP operation are needed because it matters in which order PUSCH is associated with the SRS ports belonging to the first and second SRS resource set. With SDM/SFN STxMP, PUSCH is transmitted over the SRS ports associated with both SRS resource sets at the same time and, hence, the ordering is irrelevant and one codepoint is enough to indicate STxMP transmission (i.e., three codepoints in total are needed for dynamic switching between SDM/SFM STxMP and sTRP PUSCH). Hence, we propose:
[bookmark: _Toc135049374]The codepoint 11 is reserved for both STxMP SDM and STxMP SFN.
2.2.3	SRS resource sets with different configurations
From the RAN1#112bis-e meeting, we have the following conclusion:
Conclusion
RAN1 has no consensus to support the following in Rel-18:
· Configure different number of SRS resources in the two SRS resource sets for CB (if full power mode 2 is not configured) or NCB for single-DCI based STxMP transmission.
· For CB PUSCH, the two SRS resources indicated by two SRI fields for single-DCI based STxMP transmission can have different number of SRS ports. 
For the two SRS resource sets configured for multi-DCI based STxMP PUSCH+PUSCH in Rel-18, 
· Legacy Rel-17 specification is reused with respect to the maximal number of SRS resources/ports in each set
FFS: whether/how to support two different configurations with regards to full power mode and antenna port coherency type among SRS resource sets.

For the FFS, the motivation for supporting only symmetric panels is that mapping of SRS resource sets to panels is up to the UE and may be dynamically varying, while SRS configuration is via semi-static RRC signaling. Hence, supporting asymmetric configurations would limit how UE can virtualize the two SRS resource sets. The same reasoning applies also to antenna-port coherency and full power mode (which are both RRC configured) for CB-based operation.
[bookmark: _Toc135049375]Do not support two different configurations with regards to full power mode and antenna-port coherency over two SRS resource sets.
2.2.4	DFT-S-OFDM
To improve UL coverage for cell-edge UEs, DFT-S-OFDM should be supported for STxMP. 
For multi-DCI STxMP scheduled by a DG, DFT-S-OFDM can be supported by configuring transform precoding for PUSCH and by indicating separate and orthogonal DMRS ports in the DCI corresponding to the first and second TRP, respectively.
For single-DCI SFN STxMP, DFT-S-OFDM can be straightforwardly supported: An indicated DMRS port (corresponding to a single layer) will be mapped to both SRS resource sets. 
For single-DCI SDM STxMP, DMRS ports associated with different SRS resource sets correspond to different layers. However, in current specification, when transform precoding is enabled, it is not possible to indicate more than one orthogonal DMRS port with existing “Antenna ports” tables. To solve this issue, it should be possible to indicate two orthogonal DMRS ports for transform precoding, one per SRS resource set, and, hence, we propose:
[bookmark: _Toc135049376]Add additional “Antenna ports” tables to support indication of two DMRS ports for SDM STxMP when transform precoding is configured. 
It should be possible to indicate entries of such tables in the DCI scheduling PUSCH for the case when both SRS resource sets are indicated in the “SRS resource set indicator” field.
2.3	Design considerations for multi-DCI based STxMP
As has been pointed out earlier, the NW does not know a priori if the UE can transmit from both panels: It could be so that the orientation of the UE relative to the TRPs is not suitable. The UE would have to report the situation, so that the NW can adapt the scheduling. 
To this end, RAN1 made the following agreement:
Agreement (RAN1#112bis-e)
Enhance the Rel-17 group-based beam L1-RSRP reporting to support STxMP-based transmission and down-select one in RAN1#113 meeting:
Alt1: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and the reported pair of CRIs or SSBRIs can be received simultaneously.
Alt2: In each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously.
Alt3: In each reported pair of CRIs or SSBRIs, UE indicates if the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously, and/or if the reported pair of CRIs or SSBRIs can be received simultaneously.   
· FFS: Introduce an indicator to support the above, and the number of bits and interpretation of each codepoint of the indicator

All three alternatives are variants of the group-based reporting introduced in Rel-15 and subsequently enhanced in Rel-17. Since there are not many meetings left for the MIMO agenda item, we should aim for a simple solution.
In Alt1, the UE considers both UL transmission and DL reception at the same time. The UE should report a pair of RSs only if UL transmission and DL reception using TCI states associated with the reported RSs is possible. Since the report is meant to assist the NW in performing the UL scheduling, the motivation to include the DL in the same report is unclear. 
In Alt2, only the UL is considered. This is a cleaner solution, and the design of the report would follow the DL, making it relatively straightforward to specify. Once implemented, it would be rather easy to interpret the report for the NW.
In Alt3, UL and DL are mixed. The idea is that the UE reports a number of RS pairs, and for each RS pair, the UE indicates if it’s related to UL or DL. There is an FFS listed in Alt3: how the indicator would look like. To us, it is also not clear how the report would look like: would there always be the same number of pairs? How would the report be configured? Would the UE always report one RS pair that works for UL? And/or DL? If the UE is configured to report two pairs, would the UE always do that? How would the UE choose the RS pairs? As we see it, there are quite a few open issues for Alt3, and as we understand it, the topic of an indicator associated to each RS pair was discussed already in Rel-17 without any conclusion. Since there are only two meetings left, it may be challenging to complete. Also, the benefits compared to Alt2 seem small.
Based on this, we propose
[bookmark: _Toc135049377]Support Alt2: in each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously.
In RAN1#112bis-e, the following was agreed:
Agreement
For case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, down-select one for the UCI multiplexing:
Option 1: the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
[bookmark: _Hlk134799155]Option 2: the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
Option 3: 
· When joint HARQ-ACK feedback is configured, the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in (FFS: one or two) of these two PUSCHs, and FFS which one PUSCH. 
· When separate HARQ-ACK feedback is configured, at least when the UCI includes HARQ-ACK, the UCI is multiplexed into the PUSCH associated with the same TRP. And among the PUSCHs associated with the same TRP, the legacy PUSCH priority order for UCI multiplexing is applied. FFS: determining the PUSCH associated with the same TRP. 
· FFS: When the UCI does not include HARQ-ACK (CSI and/or SR), whether to follow the same behavior as above, or to follow the behavior of the case that joint HARQ-ACK feedback is configured.
· Note: Here using joint HARQ-ACK feedback and separate HARQ-ACK feedback is mainly for discussion purpose. FFS: whether to introduce a new RRC parameter to indicate that.
FFS the impact of the following legacy restriction on the above options:  when separate HARQ feedback is configured, a PUCCH transmission triggered by DCI associated with one coresetPoolIndex cannot overlap in time with a PUSCH transmission triggered by DCI associated with another coresetPoolIndex.   
Note: each of the above options is applied to the system when the system is configured with multi-DCI based STxMP PUSCH+PUSCH.

When the PUCCH and PUSCH overlap, the contents of the PUCCH is multiplexed into the PUSCH, using  rate matching or puncturing depending on the UCI size carried by the PUCCH. When multiple PUSCHs, e.g., for different serving cells overlap with a PUCCH, the UCI carried by the PUCCH is multiplexed into one of them. Which PUSCH to multiplex the PUCCH into is determined by a set of priority rules. In Rel-17, the rules are as follows:
PUSCH with A-CSI → DG PUSCHs (over CG PUSCHs)  →  PUSCH with lowest CC index  →  PUSCH with earliest start time. 
The Rel-17 priorization rules were defined to ensure that the PUCCH is multiplexed into the more important PUSCH: the A-CSI is considered more important than the DG-PUSCH, which is considered more important than CG-PUSCH. The last two rules (based on CC index and start time) are somewhat more arbitrary, and were designed to ensure that the rule is unambiguous: the gNB must know how the multiplexing is done to be able to decode the PUSCH payload together with UCI if available.
[bookmark: _Toc135049365]The first prioritization rules aim to multiplex UCI in the more important PUSCHs.
For multi-DCI multi-TRP, the following rule also applies:
Excerpt from 38.213, section 9.2.5
A UE that
-	is not provided coresetPoolIndex or is provided coresetPoolIndex with a value of 0 for first CORESETs on active DL BWPs of serving cells, and
-	is provided coresetPoolIndex with a value of 1 for second CORESETs on active DL BWPs of the serving cells, and
-	is provided ackNackFeedbackMode = separate
does not expect a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a CORESET from the first CORESETs to overlap in time with a PUCCH or a PUSCH transmission triggered by a detection of a DCI format in a PDCCH received in a CORESET from the second CORESETs. 

In our view, this should not be part of the specification: it should be up to NW implementation. If the NW wants to ensure that UCI is not multiplexed into a certain PUSCH, the NW could always apply the above scheduling restriction. The specification of STxMP is a golden opportunity to fix this: this formulation would forbid all the alternatives in the above agreement, since PUSCH will overlap with PUSCH. Therefore, we propose
[bookmark: _Toc135049378]Remove the scheduling restriction for PUCCH and PUSCH scheduled by DCI in PDCCHs received in CORESETs associated with different coresetPoolIndex.
If this scheduling restriction is removed, the single-TRP prioritization rules would apply:
[bookmark: _Toc135049366]As long as one PUCCH overlaps with one PUSCH, the legacy rules apply.
With STxMP, it is possible to transmit two PUSCHs on the same serving cell. The current prioritization rules are thus not adequate if both start at the same time, and it is not certain that the UE can determine in which of the two PUSCHs to multiplex the PUCCH payload.
With multi-DCI based multi-TRP, two simulateous PUSCH transmissions are scheduled by PDCCHs associated with different CORESETPoolIndex. Basing the UCI multiplexing on the CORESETPool would seem to be a natural option, however this option may be needed if after reusing the legacy principle there is still ambiguity to determine the PUSCH for UCI multiplexing.
We propose to reuse the legacy principle. This means that the first steps of the legacy prioritization rule remains. This means that we prefer Option 2 in the agreement. We note that some companies are afraid that this would lead to that the UCI ends up in the “wrong” TRP. To avoid this, the UCI could be multiplexed in both PUSCHs:
[bookmark: _Toc135049379]For the case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, support option 2: the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in both these two PUSCHs. 
For the case when the one PUCCH overlaps with one PUSCH in multi-DCI based multi-TRP, the scheduling restriction is removed: it would be up to NW implementation to ensure that one PUCCH does not overlap with the “wrong” PUSCH.
[bookmark: _Hlk61857909]Conclusion
In the previous sections we made the following observations: 
Observation 1	Alt1 yields lower throughput than Alt2 and Alt3 for the UE depicted in Figure 2.
Observation 2	Alt2 yields lower throughput than Alt1 and Alt3 for the UE depicted in Figure 3.
Observation 3	With Alt2, NW is less likely to schedule UE with SDM STxMP transmission.
Observation 4	The first prioritization rules aim to multiplex UCI in the more important PUSCHs.
Observation 5	As long as one PUCCH overlaps with one PUSCH, the legacy rules apply.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Support both UE implementations with separate digital ports per panel and with shared digital ports over panels.
Proposal 2	Introduce new UE capabilities, for both CB- and NCB-based precoding, for reporting a maximum number of layers for SDM STxMP transmission.
Proposal 3	Introduce new UE coherence capability for STxMP SDM/SFN transmission that can be different from legacy UE coherence capability (i.e., pusch-TransCoherence). The new and legacy UE coherence capability is used to determine the uplink CB subset for STxMP SDM/SFN and sTRP transmission, respectively.
Proposal 4	Introduce new UE capabilities, for both CB- and NCB-based precoding, for reporting a maximum number of layers for SFN STxMP transmission.
Proposal 5	The maximum number of layers for SFN STxMP is 4, subject to UE capability.
Proposal 6	Introduce new UE capability for supporting two SRS resource sets with usage ‘codebook’ or ‘nonCodebook’ in the same OFDM symbol.
Proposal 7	Support Alt1 (The DCI has two SRI fields and two TPMI fields. The first SRI field and first TPMI field are associated the first SRS resource set if codepoint = 00 or the second SRS resource set if codepoint = 01. The second SRI field and second TPMI fields are reserved).
Proposal 8	The codepoint 11 is reserved for both STxMP SDM and STxMP SFN.
Proposal 9	Do not support two different configurations with regards to full power mode and antenna-port coherency over two SRS resource sets.
Proposal 10	Add additional “Antenna ports” tables to support indication of two DMRS ports for SDM STxMP when transform precoding is configured.
Proposal 11	Support Alt2: in each reported pair of CRIs or SSBRIs, the UL Tx spatial filters determined from the reported pair of CRIs or SSBRIs can be applied simultaneously.
Proposal 12	Remove the scheduling restriction for PUCCH and PUSCH scheduled by DCI in PDCCHs received in CORESETs associated with different coresetPoolIndex.
Proposal 13	For the case that one PUCCH overlaps with two overlapped PUSCHs in multi-DCI based STxMP PUSCH+PUSCH, support option 2: the legacy PUSCH priority order for UCI multiplexing is first applied and if at last, there are two PUSCHs with the same start time in one same CC, the UCI is multiplexed in both these two PUSCHs.
[bookmark: _In-sequence_SDU_delivery]
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Appendix
Table 2	SLS assumptions.
	Parameter
	Value

	Carrier frequency
	30 GHz

	Subcarrier spacing
	120 kHz

	Bandwidth
	80 MHz

	Scenarios
	Indoor hotspot (TR 38.901/802)

	Scheduler
	Proportional fair

	Traffic model
	FTP model 1with 500 kB packet size

	Number of BSs
	12 (1 sector/cell)

	Number of UEs
	2000

	Handover margin
	3 dB

	MIMO scheme
	SU-MIMO (up to rank 4 per UE, with up to rank 2 per panel).

	Modulation
	Up to 256QAM

	Power control
	 

	BS antenna configuration
	() = (4, 4, 2, 1, 1, 1, 2), [, ] = (0.5, 0.5) λ

	BS antenna radiation pattern
	TR 38.802, Table A.2.1-7

	BS antenna height
	3 m

	BS noise figure
	7 dB

	UE antenna configuration
	1) 2-panel UE with () = (1, 4, 2, 1, 2),  = 0.5 λ per panel, and with 2 analog beams per panel,
2) 4-panel UE with () = (1, 4, 2, 1, 1),  = 0.5 λ per panel, and with 4 analog beams per panel

	UE antenna radiation pattern
	TR 38.802, Table A.2.1-8

	UE distribution
	100% indoor

	UE antenna height
	1.5 m

	UE speed
	3 km/h

	UE and panel orientation
	Random orientation in azimuth and elevation

	UE transmit power
	23 dBm (up to 23 dBm per panel)


Table 3	LLS assumptions.
	 Parameter 
	Value 

	 Frequency range
	 30GHz

	 Subcarrier spacing
	 120 kHz

	 BS antenna configuration
	 2 TRPs with 4 Rx ports/TRP (M, N, P, Mg, Ng) = (1, 2, 2, 1, 1)

	 BS antenna radiation pattern
	 TR 38.802, Table A.2.1-6

	 UE antenna configuration
	 2 panels (back-to-back) and 4 Tx ports/panel (M, N, P, Mg, Ng) = (1, 2, 2, 1, 2)

	 UE antenna radiation pattern
	 TR 38.802, Table A.2.1-8

	 Path-loss
	 0 dB gap between panels or TRPs

	 Blockage
	 No blockage between panels or TRPs

	 RBs/symbols
	 66 PRBs (100 MHz BW)

	 DMRS pattern
	 DMRS Type 1 for PUSCH

	 Code rate
	 Fixed MCS 0 and adaptive MCS 0–5 (rate < 0.4)

	 Target BLER
	 10-4

	 Frequency Hopping
	 None

	 UL Tx scheme
	 CB (NC+PC+FC)

	 Redundancy version
	 (0, 2, 3, 1)

	 Max HARQ retransmissions
	 0

	 Scheme
	 SFN

	 Cross-link interference between panels
	 Explicitly modelled

	 Receiver assumption
	 Joint reception over both TRPs

	 SRS Configuration
	 2 SRS resource sets (1 per panel) with 4 ports each, periodic, every 10 slots

	 Channel model
	 CDL-A (100ns)

	 UE mobility
	 3km/h
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