


3GPP TSG RAN WG1 Meeting #110bis-e	R1-2208507
e-Meeting, October 10th – 19th, 2022

Source:	ZTE
Title:	Enhancements on UL precoding indication for multi-panel transmission
[bookmark: Source]Agenda Item:	9.1.4.1
Document for:	Discussion and Decision
Introduction
In 3GPP RAN#94-e meeting, a new work item on MIMO evolution for downlink and uplink has been approved in [1]. As shown in below, the enhancement on simultaneous UL transmission across multi-panel to MTRP operation is one of the objectives for this WI:
	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.


In this contribution, we present our views on UL precoding indication for multi-panel transmission in Rel-18.
Single DCI based STxMP PUSCH transmission
Transmission scheme
For single DCI based STxMP PUSCH transmission, one agreement was endorsed to further discuss the candidate transmission schemes in RAN1#109-e meeting [2]. Further, one working assumption was reached in RAN1#110 meeting to enable SDM scheme for STxMP PUSCH transmission in Rel-18.
	Agreement
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

Working assumption
Support the following scheme 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.


For SDM scheme, different layer(s) of the PUSCH are transmitted from two panels and towards to two TRPs, the propagation conditions between two TRP-panel links could be quite different, hence individual MCS for each link is needed for this scheme. In other words, the key to guarantee performance gain of SDM scheme based STxMP PUSCH transmission is to support 2 CWs with individual MCS for different TRP-panel links.
Consequently, system level simulation is used to evaluate the UPT performance of 1 CW and 2 CWs for SDM scheme based STxMP PUSCH transmission. The details of the simulation modeling are listed below:
· 100% indoor hotspot in TR 38.901.
· Baseline scheme is set to single panel PUSCH transmission with panel selection (option 1 in EVM assumption).
· For MCS determination, the single MCS in case of 1 CW SDM scheme is determined by the lower MCS among two panels to guarantee the demodulation performance of the worse panel, and two MCS in case of 2 CWs SDM scheme are determined individually for two panels.
· The range of MCS level candidates is from 1 to 15.
· The maximum UE Tx power is set to max TRP of 23 dBm and max EIRP 43 dBm of two panels (option 1 in EVM assumption).
· TRP/panel-specific power control is enabled.
· The maximum number of transmission layers per panel is set to 2.
· Other parameter settings can be found in Table A in Appendix, which is abide by the EVM assumption that agreed in RAN1#109-e meeting [2].
The simulation results are provided in Table 1, and it can be observed:
· Broadly, both 1 CW SDM and 2 CWs SDM could provide higher throughput than panel selection scheme (as the items highlighted in green), especially for 95%-ile UE which obtain >70% UPT gain when low-load scenario, i.e., RU ~15%.
· In both low-load and medium-load scenarios, 2 CWs SDM could always obtain perform gain. In contrast, 1 CW SDM will cause performance loss in some cases, i.e. 5%-ile UEs and 50%-ile UEs.
· Even in high-load scenario (i.e., RU ~80%), 2 CWs SDM could outperform over single-panel transmission, but 1 CW SDM cannot obtain performance gain anymore.
· With the increase of RU, the performance gain of 1 CW SDM will degrade more severe than 2 CWs SDM, and the gap of performance gain between 1 CW SDM and 2 CWs SDM becomes larger. That is because 2 CWs SDM could better match different channel propagation conditions than 1 CW SDM.
Table 1  UPT performance of 1 CW v.s. 2 CWs in case of SDM scheme based STxMP PUSCH transmission
	RU
	Transmission Scheme
	Mean UE
	5%-ile UE
	50%-ile UE
	95%-ile UE

	~ 15%
	Single panel with panel selection
	430.64
	187.05
	497.44
	524.71

	
	1 CW SDM STxMP
	474.71
10.2% (↑)
	174.64
-6.6% (↓)
	493.72
-0.7% (↓)
	895.34
70.6% (↑)

	
	2 CWs SDM STxMP
	494.11
14.7% (↑)
	191.32
2.3% (↑)
	512.59
3.0% (↑)
	895.50
70.7% (↑)

	

	~ 30%
	Single panel with panel selection
	357.51
	111.00
	379.38
	524.71

	
	1 CW SDM STxMP
	387.08
8.3% (↑)
	108.57
-2.2% (↓)
	382.65
0.9% (↑)
	790.22
50.6% (↑)

	
	2 CWs SDM STxMP
	406.76
13.8% (↑)
	119.03
7.2% (↑)
	404.74
6.7% (↑)
	808.84
54.2% (↑)

	

	~ 50%

	Single panel with panel selection
	262.11
	60.14
	234.78
	524.57

	
	1 CW SDM STxMP
	273.48
4.3% (↑)
	57.96
-3.6% (↓)
	237.31
1.1% (↑)
	539.37
2.8% (↑)

	
	2 CWs SDM STxMP
	290.84
11.0% (↑)
	68.25
13.5% (↑)
	253.33
7.9% (↑)
	591.31
12.7% (↑)

	

	~ 80%


	Single panel with panel selection
	121.06
	20.09
	72.99
	416.95

	
	1 CW SDM STxMP
	118.43
-2.2% (↓)
	19.79
-1.5% (↓)
	68.25
-6.5% (↓)
	408.14
-2.1% (↓)

	
	2 CWs SDM STxMP
	128.21
5.9% (↑)
	20.96
4.3% (↑)
	75.25
3.1% (↑)
	422.26
1.3% (↑)


Besides, the following Fig. 1 provides the statistics of the MCS level gap between two panels in case of 2 CWs SDM scheme, and it can be observed:
· For the case of RU ~15%, about 65% MP-UEs are scheduled with different MCS. 
· For the case of RU ~30%, about 75% MP-UEs are scheduled with different MCS.
· For the case of RU ~50%, about 80% MP-UEs are scheduled with different MCS. 
· For the case of RU ~80%, about 85% MP-UEs are scheduled with different MCS. 
· In particular, nearly 15%-20% MP-UEs are even scheduled with MCS level gap > 5.
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Figure 1  MCS level gap between two panels when 2 CWs SDM based STxMP PUSCH transmission
Observation: For SDM scheme based STxMP PUSCH transmission, the system level simulation results of 1 CW v.s. 2 CWs proves that:
· In low-load and medium-load scenarios, 2 CWs SDM could always obtain perform gain. In contrast, 1 CW SDM will cause performance loss in some cases, i.e. 5%-ile UEs and 50%-ile UEs.
· Even in high-load scenario (RU ~80%), 2 CWs SDM could outperform over single-panel transmission, but 1 CW cannot obtain performance gain anymore.
· With the increase of RU, the performance gain of 1 CW SDM will degrade more severe than 2 CWs SDM, and the gap of performance gain between 1 CW SDM and 2 CWs SDM becomes larger.
· Most of MP-UEs need to be scheduled with different MCS when SDM based STxMP PUSCH transmission.
[bookmark: _GoBack]In addition to the performance gain, the complexity of both UE implementation and NW deployment should be taken into consideration of supporting 1 CW and/or 2 CWs for SDM scheme based STxMP PUSCH transmission. 
· From the UE side, it is intuitive the hardware requirement of 2 CWs SDM is higher demanded than 1 CW SDM, where two independent Tx chains and sufficient physical space are needed. However, considering the target UEs are CPE/FWA/vehicle/industrial device rather than the handheld or wearable equipment, the complexity of UE implementation may not be such challenging.
· From the NW side, it is worthwhile to notice that traffic backhaul overload in 1 CW SDM case could be the huge challenge of the NW deployment. More precisely, due to 1 CW SDM scheme requires, the NW should receive two PUSCH transmissions from two TRPs completely at first and then demodulate/decoding the data combination jointly. When the amount of transmission data is pretty large in case of high-load traffic, the backhaul overload across two TRPs will be extremely huge, which is too much pressure for NW scheduling and may cause traffic delay by wait to stop. By comparison, 2 CWs SDM could avoid such dilemma because it can process separate demodulation/decoding for each PUSCH reception, hence it does not require the backhaul delivery across two TRPs.
According to the evaluation of performance gain and the analysis of implementation/deployment complexity above, it proves 2 CWs enabling is very critical to SDM scheme based STxMP PUSCH transmission to obtain performance gain and ease MTRP deployment complexity.
Proposal 1: Support 2 CWs at least for single DCI based STxMP PUSCH SDM scheme when considering the performance gain as well as the practical MTRP deployment complexity mitigation.
Given that simultaneous uplink transmission in MTRP operation targets for different types of UE device (i.e., CPE,FWA, vehicle, industrial devices), it is beneficial to provide greater diversity for transmission schemes because of various MP-UE implementations. In addition to SDM scheme, FDM-B scheme can be supported. For FDM-B scheme, two PUSCH repetitions can be transmitted by two beams of different frequency domains but within the same time domain and occupy the same transmission layers. Compared with SDM scheme, the most advantage of this scheme may be no inter-layer transmission interference due to FDMed multiplexing. Besides, this scheme could reduce latency additionally when compared with Rel-17 TDM based MTRP PUSCH repetition scheme. 
Link level simulation is used to evaluate the performance of SDM and FDM based STxMP PUSCH repetition schemes over Rel-17 TDM based MTRP PUSCH repetition scheme (a.k.a option 1 baseline scheme in EVM assumption). Where, the blockage is set to 6 dB power offset with 10% probability between two TRPs, and the max UE Tx power is set to max TRP of 23 dBm and max EIRP 43 dBm of two panels (a.k.a option 1 Maximum UE Tx Power in EVM assumption). Besides, panel-specific TPMI indication and spatial indication are enabled. Other simulation parameters can be found in Table B in Appendix and also abide by the EVM assumption that agreed in RAN1#109-e meeting [2].
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Figure 2  BLER performance results of TDM/SDM/FDM based MTRP PUSCH repetition scheme
Figure 2 illustrates the BLER performance of both SDM scheme and FDM scheme is quite close to TDM scheme to improve uplink reliability. As the aforementioned analysis, it is noted that SDM and FDM enabled multi-panel UE could reduce latency additionally when compared with TDM scheme.
Proposal 2: Support FDM-B scheme for single DCI based STxMP PUSCH transmission when considering the performance gain of transmission reliability, latency reduction, and the diversity of transmission scheme for MP-UE implementation.
Precoder and rank indication
On precoder and rank indication for single DCI based STxMP PUSCH transmission, the following agreements were reached in previous RAN1 meetings [2, 3].
	Agreement
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
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.


Basically, two TPMI fields and SRI fields can be introduced to single DCI based STxMP PUSCH transmission scheme, and two SRS resource sets are configured for STxMP PUSCH transmission. Given that the precoder is indicated by TPMI field for CB PUSCH and SRI field for NCB PUSCH respectively, the indication methods in these two cases will be discussed separately below.
In the case of CB PUSCH, the following alternatives can be taken into consideration to facilitate this feature:
· Alt 1: The first or the second TPMI field indicates TPMI index and rank jointly per panel, which is based on Rel-15/16 framework (Tables 7.3.1.1.2-2/2A/2B/3/3A/4/4A/5/5A in TS 38.212). The first and second TPMI fields are associated with the first and the second SRS resource sets, respectively.
· Alt 2: The first or the second TPMI field indicates TPMI index only per panel, which is based on Rel-17 framework of the second TPMI field (Tables 7.3.1.1.2-2C/2D/2E/3/3A/4B/4C/5/5A in TS 38.212). The number of layers of each PUSCH can be derived from other field in DCI. The first and second TPMI fields are associated with the first and the second SRS resource sets, respectively.
· Alt 3: The first TPMI field indicates TPMI index and rank jointly, which is based on Rel-15/16 framework (Tables 7.3.1.1.2-2/2A/2B/3/3A/4/4A/5/5A in TS 38.212). The second field indicates TPMI index only, which is based on Rel-17 framework of the second TPMI field (Tables 7.3.1.1.2-2C/2D/2E/3/3A/4B/4C/5/5A in TS 38.212). The number of layers of the second PUSCH can be derived from the indicated layer number in the first TPMI field and other field in DCI. The first TPMI field is associated with the SRS resource set of the STxMP PUSCH transmission with higher configured maximum rank, the second TPMI field is associated with the other SRS resource set.
For Alt 1, it is a straightforward way and which is in line with the legacy rule in Rel-15/16 that precoder and rank of each STxMP PUSCH transmission can be indicated together by its TPMI field. It could be noticed that the total overhead of two TPMI fields cannot be reduced in this solution, nevertheless, the indication of layer combination can be saved due to it can be derived from the first and the second TPMI fields. Besides, when it comes to dynamic switching between single-panel PUSCH transmission and STxMP PUSCH transmissions, one reserved or additional codepoint in the first or the second TPMI field can be used to indicate this switching. For instance, as shown in the following Table 7.3.1.1.2-5 in TS 38.212, one reserved codepoint of indexes 6-7 in case of codebookSubset = fullyAndPartialAndNonCoherent can be used to indicate this TPMI field is unused when the single-panel PUSCH transmission is associated with another SRS resource set. Likewise, one additional codepoint of indexes 2-3 in case of codebookSubset = nonCoherent can be used to indicate this TPMI field is unused. Although one bit needs to be introduced in cases of “one additional codepoint calls”, the current SRS resource set indicator field with 2 bits is not needed anymore and can be saved correspondingly.
Table 7.3.1.1.2-5: Precoding information and number of layers or Second Precoding information, for 2 antenna ports, if transform precoder is enabled and ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower, or if transform precoder is disabled, maxRank = 1, and and ul-FullPowerTransmission is not configured or configured to fullpowerMode2 or configured to fullpower
	Bit field mapped to index
	codebookSubset = fullyAndPartialAndNonCoherent
	Bit field mapped to index
	codebookSubset = nonCoherent

	0
	1 layer: TPMI=0
	0
	1 layer: TPMI=0

	1
	1 layer: TPMI=1
	1
	1 layer: TPMI=1

	2
	1 layer: TPMI=2
	2-3
	additional

	3
	1 layer: TPMI=3
	
	

	4
	1 layer: TPMI=4
	
	

	5
	1 layer: TPMI=5
	
	

	6-7
	reserved
	
	


For Alt 2, its mechanism is quite similar to the second TPMI field which introduced for TDM based MTRP PUSCH repetition in Rel-17, where the overhead of the first or the second TPMI field depends on the candidate TPMIs corresponding to the indicated rank of each STxMP PUSCH transmission. In this solution, 1 bit or 2 bits of each TPMI field can be saved when compared with Alt 1 but rank information needs to be indicated additionally, which will result in increased indication overhead. One way to avoid this increase may be to utilize reserved entries in the existing fields in DCI, i.e. Antenna port indication field or TDRA indication field. However, an inevitable shortcoming of this solution is that it cannot indicate the precoder for dynamic switching between single panel PUSCH transmission and STxMP PUSCH transmissions. More precisely, once the configured/supported maximum rank of single panel PUSCH transmission (e.g., is 4) is larger than the configured/supported maximum rank of a STxMP PUSCH transmission (e.g., is 2), the precoders of rank = 3 or 4 when single panel PUSCH transmission cannot be indicated by the first and the second TPMI fields.
For Alt 3, it seems like the variant of the first and the second TPMI fields for TDM based MTRP PUSCH repetition in Rel-17, where the overhead of the first TPMI depends on the TPMIs corresponding to the STxMP PUSCH configured with larger value of maximum rank, and the overhead of the second TPMI field depends on the TPMIs corresponding to the indicated rank of the other STxMP PUSCH transmission. Where, the rank information of the second TPMI field is related to the first TPMI field indication due to the candidate values of layer combinations {1+1, 1+2, 2+1, 1+3, 3+1}. When the first rank indicated by the first TPMI field is 1, the second rank of the second TPMI field can be indicated to 1, 2 or 3.  When the first rank indicated by the first TPMI field is 2, the second rank of the second TPMI field can be indicated to 1, 2. When the first rank indicated by the first TPMI field is 3, the second rank of the second TPMI field can only be indicated to 1. For the case of first rank is 1 or 2, the used value of the second rank should be further indicated, e.g., via a newly added field in DCI. Besides, the order of {1+2, 2+1} and {1+3, 3+1} should be indicated additionally, if needed. So far, this solution can be used for both STxMP PUSCH transmissions and single panel PUSCH transmission. Apparently, this solution is somehow complicated, and the association between TPMI field and SRS resource set is hard to distinguish.
In light of the elaboration above, Alt 1 should be adopted with first priority to fulfill the feature of precoder and rank indication of single DCI based STxMP PUSCH transmissions. Meanwhile, the similar solution can refer to NCB PUSCH, that is: the first or the second SRI field indicates SRI per panel, which is based on Rel-15/16 framework (Tables 7.3.1.1.2-228/29/30/31 in TS 38.212). The first and second TPMI fields are associated with the first and the second SRS resource sets, respectively.
Proposal 3: For single DCI based STxMP PUSCH transmission scheme, support to configure two SRS resource sets and utilize two SRI/ TPMI fields in DCI format 0_1/ 0_2 to indicate precoding and rank information.
· For CB PUSCH, the first or the second TPMI field indicates TPMI index and rank jointly per panel, which is based on Rel-15/16 framework (Tables 7.3.1.1.2-2/2A/2B/3/3A/4/4A/5/5A in TS 38.212). Where, one reserved/ additional codepoint is used to indicate the TPMI field is unused when single-panel PUSCH transmission.
· For NCB PUSCH, the first or the second SRI field indicates SRI per panel, which is based on Rel-15/16 framework (Tables 7.3.1.1.2-28/29/30/31 in TS 38.212). Where, one reserved/ additional codepoint is used to indicate the SRI field is unused when single-panel PUSCH transmission.
· The first and second TPMI fields are associated with the first and the second SRS resource sets, respectively.
Transmission scheme switching
Broadly, several transmission scheme can be supported and operated by MP-UE, which include single panel PUSCH transmission, TDM scheme based MTRP PUSCH repetition, SDM scheme based STxMP PUSCH transmissions, FDM-B scheme based STxMP PUSCH transmissions, etc.
Regarding the switching between TDM scheme, SDM scheme and FDM-B scheme, the motivation to support dynamic switching is quite marginal when considering the practical use case and the complexity of UE implementation, hence it is sufficient to support semi-static switching between TDM scheme, SDM scheme and FDM-B scheme. Consequently, one RRC parameter can be introduced to configure a specific transmission scheme among SDM scheme, TDM scheme and FDM-B scheme for multi-panel UE.
Proposal 4: Introduce an RRC signaling to facilitate the semi-static switching between SDM scheme, FDM scheme and TDM scheme for single DCI based STxMP PUSCH transmission.
Regarding the switching between single panel PUSCH transmission and STxMP PUSCH transmissions, it will be beneficial to support dynamic switching for UE power saving, just like the motivation of TDM scheme based MTRP PUSCH repetition in Rel-17. However, it should be noticed that the introduced SRS resource set indicator field with 2 bits is not needed. In Rel-17, this field could indicate STRP operation with {TRP1 only} or {TRP2 only}, and also MTRP operation with {TRP1, TRP 2 order} or {TRP2, TRP1 order}, these indicative status are unwanted to STxMP PUSCH transmission because of its intrinsic property. Accordingly, the indication of dynamic switching between single panel PUSCH transmission and STxMP PUSCH transmissions can be fulfilled by Alt 1 in section 2.2, in which one reserved/ additional codepoint in the first or the second TPMI field is used.
Proposal 5: One reserved/ additional codepoint in the first or the second TPMI field is used to indicate dynamic switching between single panel PUSCH transmission and STxMP PUSCH transmissions, and the introduced SRS resource set indicator field with 2 bits in Rel-17 is not needed and can be saved.
DMRS port indication
On DMRS port indication for single SDM based STxMP PUSCH transmissions, one agreement was reached in RAN1#110 meeting [3].
	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.


Regarding the indicated DMRS ports should be allocated in the same or different CDM groups, it is relative to Tx-chain/ panel architecture and the synchronization assumption of DMRS ports across two panels. If DMRS ports across two panels can be ideal synchronized, the demodulation of DMRS will not be impact by the measurement interference across different layers even in case of the same CDM group. If the ideal synchronization of DMRS ports across two panels cannot be guarantee due to the Tx-chain/ panel architecture, the reception quality of DMRS will be degraded by the measurement interference, hence DMRS ports of two panels should be allocated in different CDM group. In terms of the target types of MP-UE (e.g., CPE/FWA/vehicle/industrial devices), both the same CDM group and the different CDM groups should be supported for DMRS ports allocation to keep the diversity of MP-UE types.
For port partition among PUSCH layers from different panels, it can be determined by the rank indication via TPMI field for CB PUSCH and SRI field for NCB PUSCH. On top of that, the association of DMRS ports and CDM group could be derived, and then it will be sufficient to use the current single “Antenna ports field” in DCI format 0_1/0_2 to fulfill DMRS ports indication, where the sum of ranks among two panels is used to determine the value of DMRS ports indication.
Besides, when DMRS ports across two panels cannot be allocated in the same CDM group and in case of layer combinations {1+2, 1+3, 3+1}, some new entries need to be introduced for such cases. For example, the new entry (0, 2, 3) for layer combination {1+2} should be added in the current DMRS ports indication tables in TS 38.212.
Proposal 6: Reuse the current single Antenna ports field in DCI format 0_1/0_2 to indicate up to two CDM groups for PUSCH transmission associated with the first and the second SRS resource sets. 
· The sum of ranks among two panels is used to determine the value of the DMRS port indication table. 
· DMRS ports among two panels can be allocated in the same or different CDM groups.
· Note: DMRS ports partition between two panels can be derived from the rank indication by two TPMI fields for CB PUSCH and two SRI fields for NCB PUSCH.
· FFS: Newly added entries in the DMRS port indication table for layer combinations {1+2, 1+3, 3+1} in case of different CDM groups.
PTRS-DMRS association indication
For PTRS-DMRS association indication, it depends on the count of PTRS ports and DMRS ports within one panel. In other words, the association indication is only needed in case of PTRS ports number is less than DMRS ports number.
When the total number of PTRS ports across two panels is 2, and if the MP-UE is equipped with individual oscillators of each panel, it is natural to allocate 1 PTRS port in one panel for tracking phase variations across the transmission duration. Furthermore, the association indication is related to the layer combination of two panels.
· For layer combination {1+1}, 1 PTRS port is associated to 1 DMRS port in each panel, the association indication in this case is not needed.
· For layer combination {1+2, 2+1}, only the association of the panel transmits PUSCH with two layers needs to be indicated, in which 1 PTRS port is associated to 1 out of 2 DMRS ports. Correspondingly, Table 7.3.1.1.2-25 or Table 7.3.1.1.2-25A in the current TS 38.212 can be used in this case.
· For layer combination {1+3, 3+1}, similarly, only the association of the panel transmits PUSCH with three layers needs to be indicated, in which 1 PTRS port is associated to 1 out of 3 DMRS ports, and Table 7.3.1.1.2-25 in the current TS 38.212 can be used in this case.
· For layer combination {2+2}, both the associations of two panels should be indicated, where 1 PTRS port is associated to 1 out of 2 DMRS ports in each panel, and Table 7.3.1.1.2-25A in the current TS 38.212 can be used in this case.
For the case of more than 2 PTRS ports across two panels (e.g., 3 or 4 PTRS ports in total), the motivation should be clarified first, where the use case and MP-UE architecture should be taken into consideration. For instance, when the panel is equipped with 4 non/partial-coherent ports, it will be beneficial to support 2 PTRS ports for phase tracking in FR2. RAN1 could further study PTRS-DMRS association indication in such case. Besides, whether to support 3 or 4 PTRS ports can be UE optional.
Proposal 7: Support 2 PTRS ports in SDM scheme based STxMP PUSCH and enhance the PTRS-DMRS association to associate each PTRS port with one DMRS port associated with each SRS resource set.
· For layer combination {1+1}, no indication is needed.
· For layer combinations {1+2, 2+1}, Table 7.3.1.1.2-25 or Table 7.3.1.1.2-25A in 38.212 is used for the association in which > 1 DMRS ports.
·  For layer combinations {1+3, 3+1}, Table 7.3.1.1.2-25 in 38.212 is used for the association in which > 1 DMRS ports.
· For layer combinations {2+2}, Table 7.3.1.1.2-25A is used. E.g., the MSB of the PTRS-DMRS association field indicates the DMRS port associated with PTRS port 0 and the LSB of the PTRS-DMRS association field indicates the DMRS port associated with PTRS port 1.
· FFS: Whether/how to support 3 and/or 4 PTRS ports among two panels.
Multi-DCI based STxMP PUSCH+PUSCH transmission
With respect to multi-DCI based STxMP PUSCH+PUSCH transmission, one agreement was reached as follows in RAN1#109-e meeting [2].
	Agreement
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.


In general, it is common that multi-DCI based PUSCH+PUSCH transmission could improve throughput, of which has already been supported by multi-DCI based MTRP PUCCH without time domain overlapping in the current specification, i.e., in-order scheme in Rel-15 and out-of-order scheme in Rel-16. Consequently, the legacy framework can be broadly reused to Rel-18 multi-DCI based STxMP PUSCH+PUSCH transmission, e.g., CORESETPoolIndex is utilized to identify the panel/TRP. Due to the functionality of simultaneous uplink transmission by multi-panel UE, the benefit of latency reduction can be obtained additionally. Therefore, multi-DCI based STxMP PUSCH+PUSCH transmission needs to be supported.
Besides, overlapping type should be taken into consideration for multi-DCI based STxMP PUSCH+PUSCH transmission. Compared with fully overlapping in time/frequency domain, PUSCH transmitting power may will be varied symbol by symbol in time domain or RE by RE in frequency domain, and this well-demanded requirement will be a challenge for UE implementation and needs further assessment. With regards to how to allocate output power among two panels in case of fully overlapping, it could be discussion in AI 9.1.1.1. For the case of partially overlapping in time/frequency domain, it could be friendly and easier to NW scheduling when considering non-ideal back-haul assumption of MDCI based MTRP operation. Taken UE implementation and NW scheduling into consideration, both fully and partially overlapping in time/frequency domain can be supported for MDCI based STxMP PUSCH+PUSCH transmission.
Proposal 8: Support of multi-DCI based STxMP PUSCH+PUSCH transmission for throughput improvement, where fully or partially overlapping in time/frequency domain can be allowable. 
For multi-DCI based STxMP PUSCH+PUSCH repetition in MTRP operation, two PUSCH repetitions are scheduled by two different DCIs and configured with different beams, where these two PUSCH transmissions can be fully or partially overlapped within time and/or frequency domain. As shown in Figure 3, two PUSCH repetitions corresponding to individual beams are transmitted from two UE panels towards two TRPs. 
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Figure 3	Multi-DCI based STxMP PUSCH+PUSCH repetition in MTRP operation
The advantage of this scheme is that the reliability of PDCCH can be enhanced besides PUSCH. One main issue is how to distinguish the TRP that PUSCH repetition towards, and then the association of the dynamic PUSCH with CORESETPoolIndex value in MDCI based MTRP PUSCH scheme in Rel-16 can be referenced. That is, the UE can distinguish the TRP for the PUSCH repetition through the CORESETPoolIndex value of the CORESET in which the UL DCI is detected and different from the PUSCH of the initial transmission. Based on this, it can be inferred that the specification impact of this scheme will not be too huge.
Proposal 9: Support of multi-DCI based STxMP PUSCH+PUSCH repetition, which is beneficial to enhance reliability of PUSCH as well as PDCCH.
STxMP PUCCH transmission
Basically, both single DCI and multi-DCI based STxMP PUCCH transmission can be enabled and supported for higher reliability and/or throughput in Rel-18. Consequently, the transmission scheme for these two scheduling modes are analyzed as follows:
· For the transmission scheme of single DCI based STxMP PUCCH transmission, it could use the design of single DCI based STxMP PUSCH transmission, where up to five transmission schemes could be exploited. First, both PUSCH and PUCCH were enabled by TDM scheme in single DCI based MTRP operation for reliability enhancement, and then intra-slot based and inter-slot based repetition schemes were specified. Second, from the perspective of UE implementation complexity as well as gNB scheduling diversity, the differentiation between STxMP PUSCH transmission and STxMP PUCCH transmission is quite marginal. Third, this way could avoid repetitive discussion and may lead to a good process. Therefore, it is proper to reuse the transmission schemes of STxMP PUSCH transmission for STxMP PUCCH transmission. Further, transmission scheme of STxMP PUCCH transmission could be down-selected from that of STxMP PUSCH transmission.
· For the transmission scheme of multi-DCI based STxMP PUCCH+PUCCH transmission, given that UCI reporting of separate/joint HARQ-ACK feedback was supported by multi-DCI based MTRP PUCCH scheme, the spec impact to support multi-DCI based STxMP PUCCH+PUCCH transmission will be quite small. Naturally, if the UE could support multi-DCI based STxMP PUSCH+PUSCH transmission, it could also implement multi-DCI based STxMP PUCCH+PUCCH transmission. Meanwhile, it is worthwhile to note that this scheme is very useful to enhance PUCCH throughput especially for UCI dropping/multiplexing. Regarding the overlapping type in time/frequency domain, at least fully overlapping can be treated as the starting point when considering the complexity of UE implementation besides the progress of this discussion.
In light of the above elaboration, the following proposals are raised for the transmission scheme of STxMP PUCCH transmission in Rel-18.
Proposal 10: For the transmission scheme of single DCI based STxMP PUCCH transmission, it could be designed according to that of single DCI based STxMP PUSCH transmission.
Proposal 11:  Support of multi-DCI based STxMP PUCCH+PUCCH in MTRP operation for throughput improvement, where fully or partially overlapping in time/frequency domain can be allowable.
Regarding the enhancement on UL throughput in Rel-18, one important use case is to transmit two different UCI reports to avoid unnecessary contents dropping or UCI multiplexing.
In Rel-15, the types of UCI can be HARQ ACK/NACK feedback, SR and CSI reporting, and these three elements are combined in various ways and can be reported in either PUCCH or PUSCH, i.e. HARQ ACK/NACK only, SR only, CSI only, HARQ ACK/NACK+SR, HARQ ACK/NACK+CSI, CSI+SR, HARQ ACK/NACK+SR+CSI. However, several restriction rules of the combinations are specified to guarantee the capability of the single-panel UE, such as the dropping rules made by UCI report with different priorities, UCI report with different types, UCI dropping, UCI multiplexing on PUSCH, etc. In Rel-16, although MDCI based MTRP PUSCH/PUCCH transmission scheme were supported, the certain aspects of these two transmission schemes were not optimized, e.g., only separate/joint feedback of HARQ ACK/NACK have been supported.
In Rel-18, due to the advanced capability of simultaneous uplink transmission enabled by multi-panel UE, the legacy UCI multiplexing and dropping rules can be enhanced in case of multi-DCI based STxMP PUCCH+PUCCH transmission. More precisely, if UCI on different PUCCHs which are overlapped in time domain and also transmitted from different panels towards different TRPs, UCI could be loaded in these PUCCHs respectively. Otherwise, the legacy for UCI multiplexing and dropping rules should be followed. In other words, when multi-DCI based STxMP PUSCH+PUSCH transmission is performed, UCI on different PUCCHs across panels can be transmitted simultaneously but cannot be transmitted in case of within a panel. Besides, given that UCI can be multiplexed on PUSCH with uplink data, e.g., CSI piggyback, such enhancement should also be enabled by multi-DCI based STxMP PUSCH+PUSCH transmission.
Proposal 12: For multi-DCI based STxMP PUCCH+PUCCH transmission, support of transmitting UCI on different PUCCHs simultaneously instead of multiplexing or dropping, where these PUCCHs should be scheduled by different DCIs and transmitted from different panels.
Conclusion
In this contribution, we provide our views on simultaneous UL transmission across multi-panel to MTRP in Rel-18. We have the following observations and proposals:
Observation: For SDM scheme based STxMP PUSCH transmission, the system level simulation results of 1 CW v.s. 2 CWs proves that:
· In low-load and medium-load scenarios, 2 CWs SDM could always obtain perform gain. In contrast, 1 CW SDM will cause performance loss in some cases, i.e. 5%-ile UEs and 50%-ile UEs.
· Even in high-load scenario (RU ~80%), 2 CWs SDM could outperform over single-panel transmission, but 1 CW cannot obtain performance gain anymore.
· With the increase of RU, the performance gain of 1 CW SDM will degrade more severe than 2 CWs SDM, and the gap of performance gain between 1 CW SDM and 2 CWs SDM becomes larger.
· Most of MP-UEs need to be scheduled with different MCS when SDM based STxMP PUSCH transmission.
Proposal 1: Support 2 CWs at least for single DCI based STxMP PUSCH SDM scheme when considering the performance gain as well as the practical MTRP deployment complexity mitigation.
Proposal 2: Support FDM-B scheme for single DCI based STxMP PUSCH transmission when considering the performance gain of transmission reliability, latency reduction, and the diversity of transmission scheme for MP-UE implementation.
Proposal 3: For single DCI based STxMP PUSCH transmission scheme, support to configure two SRS resource sets and utilize two SRI/ TPMI fields in DCI format 0_1/ 0_2 to indicate precoding and rank information.
· For CB PUSCH, the first or the second TPMI field indicates TPMI index and rank jointly per panel, which is based on Rel-15/16 framework (Tables 7.3.1.1.2-2/2A/2B/3/3A/4/4A/5/5A in TS 38.212). Where, one reserved/ additional codepoint is used to indicate the TPMI field is unused when single-panel PUSCH transmission.
· For NCB PUSCH, the first or the second SRI field indicates SRI per panel, which is based on Rel-15/16 framework (Tables 7.3.1.1.2-28/29/30/31 in TS 38.212). Where, one reserved/ additional codepoint is used to indicate the SRI field is unused when single-panel PUSCH transmission.
· The first and second TPMI fields are associated with the first and the second SRS resource sets, respectively.
Proposal 4: Introduce an RRC signaling to facilitate the semi-static switching between SDM scheme, FDM scheme and TDM scheme for single DCI based STxMP PUSCH transmission.
Proposal 5: One reserved/ additional codepoint in the first or the second TPMI field is used to indicate dynamic switching between single panel PUSCH transmission and STxMP PUSCH transmissions, and the introduced SRS resource set indicator field with 2 bits in Rel-17 is not needed and can be saved.
Proposal 6: Reuse the current single Antenna ports field in DCI format 0_1/0_2 to indicate up to two CDM groups for PUSCH transmission associated with the first and the second SRS resource sets. 
· The sum of ranks among two panels is used to determine the value of the DMRS port indication table. 
· DMRS ports among two panels can be allocated in the same or different CDM groups.
· Note: DMRS ports partition between two panels can be derived from the rank indication by two TPMI fields for CB PUSCH and two SRI fields for NCB PUSCH.
· FFS: Newly added entries in the DMRS port indication table for layer combinations {1+2, 1+3, 3+1} in case of different CDM groups.
Proposal 7: Support 2 PTRS ports in SDM scheme based STxMP PUSCH and enhance the PTRS-DMRS association to associate each PTRS port with one DMRS port associated with each SRS resource set.
· For layer combination {1+1}, no indication is needed.
· For layer combinations {1+2, 2+1}, Table 7.3.1.1.2-25 or Table 7.3.1.1.2-25A in 38.212 is used for the association in which > 1 DMRS ports.
·  For layer combinations {1+3, 3+1}, Table 7.3.1.1.2-25 in 38.212 is used for the association in which > 1 DMRS ports.
· For layer combinations {2+2}, Table 7.3.1.1.2-25A is used. E.g., the MSB of the PTRS-DMRS association field indicates the DMRS port associated with PTRS port 0 and the LSB of the PTRS-DMRS association field indicates the DMRS port associated with PTRS port 1.
· FFS: Whether/how to support 3 and/or 4 PTRS ports among two panels.
Proposal 8: Support of multi-DCI based STxMP PUSCH+PUSCH transmission for throughput improvement, where fully or partially overlapping in time/frequency domain can be allowable. 
Proposal 9: Support of multi-DCI based STxMP PUSCH+PUSCH repetition, which is beneficial to enhance reliability of PUSCH as well as PDCCH.
Proposal 10: For the transmission scheme of single DCI based STxMP PUCCH transmission, it could be designed according to that of single DCI based STxMP PUSCH transmission.
Proposal 11:  Support of multi-DCI based STxMP PUCCH+PUCCH in MTRP operation for throughput improvement, where fully or partially overlapping in time/frequency domain can be allowable.
Proposal 12: For multi-DCI based STxMP PUCCH+PUCCH transmission, support of transmitting UCI on different PUCCHs simultaneously instead of multiplexing or dropping, where these PUCCHs should be scheduled by different DCIs and transmitted from different panels.

Appendix
Table A  SLS assumptions for 1 CW v.s. 2 CWs in SDM scheme based STxMP PUSCH transmissions
	Parameters
	Values

	Frequency Range
	FR2 @ 30 GHz, SCS: 120 kHz, BW: 80 MHz,

	Scenarios
	100% Indoor, TR 38.901

	UE distribution
	100% Indoor, 3km/h,
10 users per BS 

	Maximum UE Tx Power
	Option 1: Max TRP of 23 dBm and max EIRP 43 dBm of two panels

	BS receiver Noise Figure
	7 dB

	BS Antenna Configuration
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1). (dV, dH) = (0.5, 0.5) λ
Boresight direction is perpendicular to the ceiling

	BS Antenna radiation pattern
	TR 38.802 Table A.2.1-7

	UE Antenna configuration
	(M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV,dH) = (0.5, 0.5)λ. (dg,V,dg,H) = (0, 0)λ. Θmg,ng=90; Ω0,1=Ω0,0+180; The polarization angles are 0 and 90

	UE Antenna radiation pattern
	TR 38.802 Table A.2.1-8

	TXRU mapping to antenna elements
	One TXRU per panel per polarization

	TXRU mapping weights
	2D TXRU virtualization weights for each panel is the Kronecker product between vertical and horizontal weight vectors taken from DFT, i.e., 2D sub-array partition model defined in TR36.897.

	ISD
	20m

	UE dropping
	Random

	UE and panel orientation
	Vertical but random in azimuth

	Traffic Model
	FTP model 1 with packet size 0.5Mbytes

	BF/Precoder scheme
	SVD-based

	BS Antenna height
	3m

	UE Antenna height
	1.5 m

	UL MIMO Mode, rank
	SU-MIMO, Rank adaptation
Up to rank 4 for STxMP with 2 panels

	UE Tx power
	23 dBm

	UL power control
	Panel-specific UL power control
-P0: -60 dBm
-Alpha: 0.8

	Baseline scheme
	Single panel transmission with panel selection



Table B  LLS assumptions for TDM/FDM/SFN scheme based SDCI STxMP PUSCH repetition
	Parameters
	Values

	Frequency Range
	FR2 @ 30 GHz, SCS: 120 kHz

	Channel model
	CDL-B

	BS antenna configuration
	2 TRP and 2 Rx ports per TRP

	UE antenna configuration
	2 panels and 2 full-coherent ports on each panel

	Path-loss modeling
	6 dB gap between TRPs

	Blockage
	6 dB power offset with probability 10%

	Target BLER
	10^-3

	Baseline scheme
	Rel-17 mTRP Uplink TDM repetition scheme with single panel per occasion.
Repetition# = 2

	DMRS pattern
	DM-RS configuration Type 1 for PUSCH

	Code rates
	Moderate (<0.4)

	Frequency hopping
	Disable

	UL transmission scheme
	CB based PUSCH transmission

	Redundancy Version
	Enable with RV={0, 2} for two repetitions

	Schemes
	SDM-based repetition, FDM-A repetition

	Cross-link interference between 2 panels
	Non-interference
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