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1.	Introduction
In RAN#94, enhancements on UL simultaneous multi-panel transmission were approved to be considered and specified as part of the MIMO evolution for Downlink and Uplink WID . The objectives for the UL multi-panel simultaneous enhancements are stated as follows :
	The work item aims to specify the enhancements identified for NR MIMO. The detailed RAN1 objectives are as follows: 
…
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.
       …



2.	Simultaneous Multi-Panel PUSCH Transmission  
2.1 	S-DCI based STxMP schemes
RAN1#110 meeting made the following agreement regarding the s-DCI based simultaneous multi-panel transmission: 
	RAN1-110 Working assumption
Support the following schemes for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme
· In RAN1#110bis-e, RAN1 will only consider SFN based transmission scheme to support in addition to the above. Decision to support or not to be made in RAN1#110bis-e.
· FFS: FDM-A scheme
· FFS: FDM-B scheme
· FFS: SFN-based transmission scheme
For schemes other than SDM, final decision to support or not will be made in RAN1#110bis-e.



In RAN1#110, different simultaneous multi-panel PUSCH transmission schemes were discussed. In the SDM scheme, PUSCH is simultaneously transmitted via two different antenna panels associated with different TX beams by using the same time and frequency resources. In comparison with other uplink schemes (e.g. FDM-A/B or SFN), the SDM scheme can enable enhanced UL throughput. Additionally, due to the potential diversity gain of multi-beam transmission, the SDM scheme can also enable enhanced reliability for PUSCH transmission. Our link-level and system-level simulation show (see further details in sections 2.4 and 2.7.) that simultaneous SDM-based multi-panel PUSCH can provide spectral efficiency/throughput gains when operating in good geometry conditions (i.e. where SNR is assumed to be high) and with low traffic loads. Therefore, the SDM can be seen as a feasible scheme to facilitate enhanced UL throughput and reliability in Rel-18.
To support STxMP SFN scheme, the UE can be configured with two UL SRS resource sets associated with the same or different resources with one or more antenna ports transmitted via two different two antenna panels. Since the current Rel-17 specification already supports non-codebook-based PUSCH triggering with M-TRPs with TDM, potential specification efforts and implementation impacts of SFN-based PUSCH transmission are relatively minor. The SFN scheme can enhance reliability enhancement with lower latency compared with Rel-17 TDM scheme. Also, the SDM scheme always applies only when the number of layers of PUSCH is more than one layer and not fully addressing the single layer UL transmissions. Therefore, the SFN scheme can be seen as a feasible scheme for a simultaneous multi-panel PUSCH transmission scheme for Rel-18. 
Based on the above discussions, for facilitating UL throughput and reliability enhancement for PUSCH, we confirm the SDM in the above working assumption. Moreover, the SFN scheme can be seen to provide reliability enhancement with low specification and implementation efforts. Therefore, we support to confirm also SFN. 
Proposal 1: Confirm RAN1-110 working assumption: Support the following scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme
· SFN
  
 
2.1 	SRS Resource set, SRI/TPMI Indication Enhancements for S-DCI
	RAN1-109 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.



By following the RAN1-109 meeting agreement, Rel-17 is defined as the starting point for Rel-18 SRI/TPMI indication. Based on the Rel-17 capability set index reporting, a network can be aware of the UE antenna panel specific transmission capability of UL SRS codebook-based transmission into a certain spatial UL direction. Based on this information, the UE is configured with two different UL SRS resource sets with corresponding resources to follow indicated TCI states associated. Then, the network can trigger transmission of two different UL SRS resource sets with the usage of codebook with corresponding resources to perform TRP-specific TPMI hypotheses determination (i.e., precoder index and rank selection) antenna panel specifically for PUSCH transmissions. Based on obtained TRP-specific TPMI and SRI information, the network can trigger non-simultaneous TRP-specific Rel-17 PUSCH transmission by indicating via DCI the following information: codepoint field for SRS resource set indicator (indicating transmission order with time division multiplexing between TRPs and repetition in the time domain for resources) and two separate codepoint fields for precoding information and number of layers fields as well as two separate codepoint fields for SRS resource indicators, as shown in Figure 1.
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Figure 1: An example of Rel-17 S-DCI for TDM M-TRP PUSCH repetition.

As discussed above, Rel-17 does not provide any support for the indication of simultaneous SDM based multi-panel PUSCH transmission. A straightforward and simple way to enable dynamic indication of simultaneous multi-panel PUSCH transmission is to extend the value range of existing SRS resource set indication. e.g. by one bit enabling to indicate up to 8 different uplink TX modes, including legacy modes as well as Rel-18 mode(s), e.g. SDM. 
Observation 1: Rel-17 does not provide support for the indication of simultaneous SDM based multi-panel PUSCH transmission.
Observation 2: Extension of existing SRS resource set indication provides a simple way to dynamically indicate different UL TX modes, including legacy and Rel-18 modes, e.g. SDM.   
Regarding to SRI indication, the following SRI indication options can be considered for Rel-18 simultaneous SDM based multi-panel PUSCH with codebook based precoding:
· [bookmark: _Hlk111109864]joint SRI with two different UL SRS resource sets: UE is configured with two UL SRS resource sets with usage of codebook with equal number of SRS resources. Each SRS resource is configured with different DL/joint DL and UL/UL TCI states as spatial sources or each resource set is configured to follow indicated TCI states. The SRS resource pairs across two different sets can be indicated with a single joint SRI that indicates resources to be used for simultaneous SDM based multi-panel PUSCH transmission with codebook based precoding.
· joint SRI with single resource set: UE is configured with single UL SRS resource set with the usage of codebook with multiple SRS resources. Each SRS resource is configured with different DL/joint DL and UL/UL TCI states as spatial sources. The resource pairs within UL SRS resource set are ordered with a predefined way such that the first K-pairs out of M resource pairs within resource set are defined as TDM resources whereas remaining M-K pairs are defined as simultaneous SDM resources (depending on actual time frequency resource configuration of SRS resource). UL SRS resource pair within the set can be indicated via DCI with joint SRI index to enabling simultaneous SDM based multi-panel PUSCH transmission.
· Rel-17 baseline with two separate SRIs: first and second SRI codepoints are used to indicate set of SRIs associated with resources subject to configured resources and UL-full power modes.  

To enable support for SRI indication with SDM based multi-panel PUSCH with non-codebook based precoding, Rel-17 baseline provides baseline with two separate SRIs, where the first and second SRI codepoints are used to indicate set of SRIs associated with layers subject to the number of configured resources. When the different number of layers associated with different antenna panels needs to be indicated, joint SRI indication schemes impose a restriction for layer indication, Therefore, Rel-17 baseline with two separate SRIs provides more feasible approach to indicate SRI for codebook and non-codebook based simultaneous multi-panel PUSCH transmission. To enable full indication flexibility for different layer combinations in Rel-18 for non-codebook based PUSCH, Rel-17 layer indication restriction considering second SRI needs to be removed for Rel-18 specification. 
Observation 3: Rel-17 baseline with two separate codepoint for SRIs provides feasible approach to indicate SRI for both  codebook and non-codebook based simultaneous multi-panel PUSCH transmission. 
Observation 4: For non-codebook based PUSCH, Rel-17 layer indication restrictions considering the second SRI needs to be removed for Rel-18 specification.
To enable flexible support to indicate same or different TPMIs and number of layer combinations associated with different antenna panels for SDM based simultaneous multi-panel PUSCH transmission with codebook based precoding, Rel-17 baseline with two separate codepoints associated with precoding and number of layers can provide sufficient flexibility for Rel-18. To enable full indication flexibility for different layer combinations in Rel-18 for non-codebook based PUSCH, Rel-17 layer indication restriction considering second TPMI needs to be removed for Rel-18 specification. 
Observation 5: Rel-17 baseline with two separate codepoint for precoding and number of layers provides feasible approach to indicate TPMI and layers for SDM based multi-panel PUSCH transmission with codebook based precoding.
Observation 6: For codebook based PUSCH, Rel-17 layer indication restrictions considering the second codepoint for precoding and number of layers needs to be removed for Rel-18 specification.
To improve further the configuration flexibility and DMRS channel estimation quality for simultaneous multi-panel PUSCH transmission in Rel-18, it would be beneficial to consider different ways to dynamically change between different DMRS configuration types for per PUSCH transmission. Current specification defines that DMRS type (i.e. type-1 or type-2) is semi-statically configured and valid for all PUSCH transmissions within a cell. Therefore, the current specification does not allow the possibility to adapt DMRS type according to TRP specific channel conditions for each PUSCH transmission. As a result of this, UL DMRS channel estimation quality can be degraded leading to degradation in PUSCH performance. Furthermore, DMRS resource overhead may turn out to be too high restricting efficient resource utilization. Based on this discussions, Rel-18 should support configuration of DMRS type per UL PUSCH transmission and study further different options how to support it.    
Observation 7: Current specification supports only use of single UL DMRS type (i.e. type-1 or type-2) for all PUSCH transmissions in a cell causing DMRS channel estimation quality degradation and increased resource overhead. 
Current specification defines that single precoding type (i.e. codebook or non-codebook) is semi-statically configured and valid for all PUSCH transmissions within a cell. Therefore, the specification does not allow possibility adapt precoding type according to TRP specific channel conditions for each PUSCH transmission. However, from a system perspective, this can be seen as a beneficial feature for providing further performance enhancements into simultaneous multi-panel PUSCH transmission because channel conditions associated with links between different TRPs and UE may vary significantly. Furthermore, additional performance gains can be expected when different precoding types could be jointly used for simultaneous multi-panel PUSCH transmission in M-TRP operation.      
Observation 8: Current specification supports only use of single precoding type (i.e. codebook or non-codebook) for all PUSCH transmissions in a cell limiting performance of simultaneous multi-panel PUSCH transmission in M-TRP operation.
Proposal 2: Support extension of existing SRS resource set indication to dynamically indicate different UL TX modes, including legacy (e.g., Rel-17 TDM) and Rel-18 modes (e.g., SDM).   
Proposal 3: Support configuration of DMRS type per simultaneous multi-panel PUSCH transmission.
· FFS: details how to support it.

Proposal 4: Support configuration of precoding type per simultaneous multi-panel PUSCH transmission.
· FFS: details how to support it.

2.2 	DMRS Antenna Port Indication Enhancements for S-DCI
	RAN1#109 Agreement
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.




	RAN1#110 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.




As discussed in previous section, different layer combinations with single codeword can be associated with different UE antenna panels associated with different UL TX beams. From gNB perspective, this is similar to uplink MU-MIMO PUSCH operation, where the gNB can configure different layers (=DMRS antenna ports) into same or different CDM groups leaving this up to the gNB implementation.  

Due to different capabilities of antenna panels and/or channel conditions between antenna panels and different TRPs, gNB may have selected two UL SRS resources from two/one resource set where the selected resource do not share the same number of antenna ports. In the case of codebook-based transmission, each SRI can be mapped with TPMI providing layer(s) that are associated with one or more DMRS antenna ports associated with antenna panel. For non-codebook based transmission, one or more SRIs can be directly associated with one or more DMRS antenna ports. 

Observation 9: For non-codebook based simultaneous multi-panel transmissions, the UE shall perform one-to-one mapping from the indicated SRI(s) providing layer(s) to the indicated DM-RS ports(s).
Observation 10: For codebook based simultaneous multi-panel transmissions, the UE shall perform mapping from the indicated SRI(s) to TPMI(s) providing layer(s) that associated with indicated DM-RS ports(s).
For the scheduling of Rel-17 PUSCH transmission with M-TRP operation, specification provides support for the use of codepoint associated with antenna port which is subject to a DMRS configuration type and transform precoder type and maxlength. The specification enables to support indication with predefined different antenna port combinations up to 4 DMRS antenna ports. For Rel-18 simultaneous multi-panel PUSCH transmission, the network may configure the UE with different DMRS CDM groups associated with different antenna panels. By following this principle, recently agreed layer combinations are not fully supported with existing antenna port indication tables. For example, layer combination {1+2} can not be supported with DMRS-type-1 with maxlength 2 and rank=3. Therefore, existing antenna port indication table needs to be extended e.g. by one new row with antenna port 0,2,3 combinations. Furthermore, the usage of single codepoint for antenna port indication can suffer lack of indication flexibility to indicate different DMRS antenna port combinations, especially, in the presence of uplink multi-user (MU)-MIMO.  
Observation 11: Layer combination {1+2} can not be supported with existing specification, i.e. DMRS-type-1 with maxlength 2 and rank=3.
Observation 12: Single codepoint for antenna port indication can suffer lack of indication flexibility to indicate different DMRS antenna port combinations, especially, in the presence of uplink multi-user MIMO.   
To further enhance antenna port indication flexibility for SDM based simultaneous multi-panel PUSCH, especially, for multi-user MIMO purposes, it can be beneficial to introduce a new codepoint field associated with second antenna port which is associated with second antenna panel. As a result of this, DMRS antenna ports associated with both of the antenna panels can be flexibility and independently indicated by using first and second antenna port codepoint fields.
Observation 13: To further enhance antenna port indication flexibility for MU-MIMO, it is beneficial to introduce a new codepoint field associated with second antenna port.  
Proposal 5: Support new DCI field in DCI formats 0_1 & 0_2 for second antenna ports indication.

2.3 	PUSCH Layer Combinations for S-DCI
	Agreement
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.








	RAN1-110 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.



 provides an example of previous meeting agreement to study on different layer combinations, i.e., {1+1, 1+2, 2+1, 2+2} with single codeword for the SDM scheme and codebook based precoding by using single-DCI framework.  
[image: ]
[bookmark: _Ref111197598]Figure : An example of single codeword for the SDM with S-DCI.
[bookmark: _Hlk110944531]Regarding FFS on layer combination of {1+3} and {3+1}, UE TX antenna panel capability plays here an important role. Up to now, agreed layer combinations require UE to support at least 2-APs per antenna panel. By introducing {1+3} and {3+1}, the UE needs to support at least 3-Aps per antenna panel which may differ from current FR2 assumptions. However, if the UE has a capability at least for one antenna panel with at least 3-AP capability, this would bring additionally configuration flexibility to adapt layer allocations according to a TRP specific channel conditions. From specification perspective, different DMRS antenna port combinations indication associated with different antenna panels needs to be considered in the context MU-MIMO.         
Observation 14: Layer combinations {1+3} and {3+1} can provide additional configuration flexibility for a network to adapt layer combinations according to a TRP specific channel conditions.  
Regarding FFS on 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), it would be benefical to enable the switching from single antenna panel to simultaneous multi-panel PUSCH transmission. Current specification provides already supports for antenna panel selection via SRS resource set indicator. For example, for codebook with two antenna panels, the following codepoint fields are used: SRS resource set indicator, SRI, precoding and number of layers, second SRI, second precoding and number of layers and antenna port indicator. When first and second precoding and number of layers indicates e,g, 2 layers and 2 layers, and SRS resource set indicator indicates to use the second SRI, the UE shall interpret this as {0+2} and use it in conjunction with indicated antenna port information. As discussed previously, Rel-17 specification assumes the number of layers to be equivalent associated for both antenna panels. So, from this perspecitve, a small update into current specification is required to enable the UE to interpret indicated information as {0+2}. Furthermore, as discussed earlier, by extending the value range of SRS resource set indicator switch between UE TX modes from single panel to simultaneous multi-panel and vice versa switch can be easily enabled. 
Observation 15: Current specification with small modifications can provide support for antenna-switching {0+n} or {n+0} layer combinations by using the codepoint for SRS resource set indicator. 
Observation 16: By extending the value range of SRS resource indicator different switches between UE TX modes from single panel to simultaneous multi-panel and vice versa switching can be easily enabled.
Regarding FFS on the layer mapping with two codewords, by introducing separate codewords for both antenna panels, further configuration flexibility and enhanced robustness against TRP specific channel impairments can be expected with respect to single codeword operation. The utilization of two codewords may enable to usage of TRP specific HARQ mechanism leading to potentially improved robustness against TRP specific channel impairments (e.g. fading and blockage). However, this may introduce additional impacts to higher specification due to changes in HARQ process compared with single codeword operation. Furthermore, there may be also potential higher layer specification impacts which needs to be taken considered together with potential performance improvements with two codeword case while specifying codeword to layer mapping for Rel-18 simultaneous multi-panel PUSCH transmission. Therefore, we prefer to prioritize the use of single codeword for simultaneous SDM/SFN PUSCH transmission.

Proposal 6: Prioritize the use of single codeword for simultaneous SDM/SFN based multi-panel PUSCH transmission in Rel-18. 

2.4 	Numerical Results for Multi-Panel PUSCH with S-DCI  
To see the performance of the proposed SDM scheme for multi-panel PUSCH transmission with single TRP and S-DCI, we have performed link-level simulation. The simulations assumptions are given in Table 1 in appendix. In the simulations, no panel selection is assumed, transmission angle is fixed throughout simulation. We will compare performance with joint power limitation (Pmulti = Psingle) and per panel power limitation (Pmulti = 2Psingle). 
The simulation results are shown in Figures 3-5. In Figure 3, throughput results are averaged over different UE panel angles for different layer combinations. Same angles are used in single-panel and multi-panel transmission. In Figure 4, throughput results are shown over different UE panel angles. In multi-panel transmission angles (0o, -180o) are used, and for single-panel transmission angles 0o and -180o are used and shown separately. In Figure 5, we analyze the performance of with joint power limitation (Pmulti = Psingle) and per panel power limitation (Pmulti=2Psingle) for multi-panel transmission. 
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[bookmark: _Ref115436775]Figure 3: Single-panel vs multi-panel Tput results with single TRP averaged over different UE panel angles for different layer combinations, with joint power limitation.
Observation 17: When transmissions are towards a given TRP, with throughput is averaged over different transmission angles, single-panel transmission shows better performance than multi-panel transmission when SNR is low for 1 and 2 layer transmission. However, when there is a rank limitation per panel, throughput gains are more visible with multi- panel transmission.
Observation 18: When transmissions are towards a given TRP, multi-panel transmission for 2+1 or 2+2 layer combination has better performances at higher SNR range. Further investigations by assuming mTRP reception and blockage probabilities towards TRPs maybe needed to see practical advantages of multi-panel transmission at lower SNR region. 
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[bookmark: _Ref115436793]Figure 4 : Single-panel (0o and -180o) vs multi-panel (0o, -180o) Tput results with single TRP for different layer combinations.
Observation 19: When single-panel transmission directions assumed as 0o and -180o, there is ~8dB difference in throughput results. Multi-panel throughput for 1+1 layer combination is close to single-panel 2 layer 0o result.
Observation 20: Multi-panel 2+1 layer combination (best performance SNR range -4 dB to +4 dB) and 2+2 layer combination (best performance SNR > +4 dB) SNR requirement is ~17 dB lower for angles (0o, -180o) when compared to Fig. 3 where Tput results is averaged over different transmission angles.        

[image: ] 
[bookmark: _Ref115436814]Figure 5 : Single TRP throughput performance comparison with joint power limitation (Pmulti = Psingle) and per panel power limitation (Pmulti=2Psingle).
Observation 21: When we relax the power limit from joint power limitation (Pmulti = Psingle) to per panel power limitation (Pmulti=2Psingle) for multi-panel transmission we get 3 dB to 4 dB gain. 

2.5 	Simultaneous Multi-Panel PUSCH Transmission for M-DCI
	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.



For multi-DCI schemes, the discussion is easier than the single-DCI scenario as two different PUSCHs are scheduled by PDCCHs corresponding to different CORESETPoolIndex. As each DCI can indicate corresponding TPMI that shall be used for corresponding PUSCH, it may not require any enhancement from legacy (Rel-15/16) methods of indicating one TPMI. 
Proposal 7: For precoder indication of multi-DCI fully/partially overlapping PUSCH transmission, no additional enhancement is required compared to legacy (Rel-15/16) TPMI indication. 

Regarding to simultaneous multi-panel PUSCH transmission where different combinations of DG-PUSCH, CG-PUSCH are considered as follows:
· DG-PUSCH + DG-PUSCH: CORESETPool index association is already defined in Rel-16 without causing any additional specification impacts enabling differentiation of TRPs. Additionally, from the system perspective, simultaneous DG-PUSCH transmission can be seen as beneficial.
· CG-PUSCH + CG-PUSCH: Regarding to CORESETPool index association, a configured grant configuration needs to be associated with CORESETPoolIndex. However, the current specification does not provide support for the association. Similar to simultaneous DG-PUSCH, simultaneous DG-PUSCH transmission can be seen as beneficial.

Observation 22: It is beneficial to support simultaneous DG-PUSCH transmission and CG-PUSCH transmission.
Proposal 8: Support both simultaneous DG-PUSCH transmission and CG-PUSCH transmission in Rel-18.
Regarding to overlapping type(s) of fully/partially in time domain and fully/partial/non-overlapping in frequency domain, the two PUSCH transmissions for which the resources may be fully/partially overlapping in time and fully/partially/non-overlapping in frequency should be supported in Rel-18. Different multi-panel UL transmissions for different channels (PUCCH/PUSCH) may require specific type of sounding in case of SDM and SFN type of transmission. As an example, in SFN type two PUSCH transmissions it should be studied how to perform SFN type sounding (SRS). Also, the support for dynamical switching between different multi-panel transmission modes could be studied (e.g., SDM/SFN).
[bookmark: _Ref102136697]Proposal 9: For multi-DCI, support all possible overlapping options, (i.e. fully/partial in time and fully/partial/non-overlapping in frequency), among separately scheduled simultaneous multi-panel transmissions. 

2.6 	Numerical Results for Multi-Panel PUSCH with M-DCI 
To evaluate the performance characteristics of STxMP, system level simulation results were generated in accordance with the agreed evaluation methodology. The dense urban scenario was evaluated with two STxMP configurations and two single-panel transmission configurations for comparison. In the first STxMP configuration, the UE transmit power is 23 dBm per panel, whereas in the second STxMP configuration, the UE transmit power is 20dBm per panel.  The first single-panel transmission configuration was for single-panel UEs, and the second single-panel transmission configuration was for UEs with two panels using best panel selection.  With single panel transmission, the UE transmit power was 23dBm.  In all evaluated UE configurations, the UEs were randomly oriented in azimuth.  For the UEs performing STxMP, each transmit panel was communicating with different TRPs, which means that resources from two TRPs are required to serve a UE that is performing STxMP.  
Figure 6 shows the spectral efficiency performance of STxMP compared to single panel transmission schemes as a function of the normalized traffic load (offered load divided by the system bandwidth). The left plot in Figure 6 is for the mean UE spectral efficiency, while the right plot in Figure 6 is for the fifth percentile UE spectral efficiency (edge UE SE). Figure 7 plots the resource utilization as a function of the traffic load.   
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[bookmark: _Ref115436856]Figure 6: System Level Simulation results comparing STxMP with single-panel UEs and two-panel UEs with panel selection: Mean UE SE (left) and Edge UE SE (right) versus traffic load for FTP model 1.
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[bookmark: _Ref115436869]Figure 7 : System Level Simulation results comparing STxMP with single-panel UEs and two-panel UEs with panel selection:  Resource Utilization versus traffic load for FTP model 1


As can be seen in the figures, for mean UE throughput, STxMP transmission is providing a gain over panel selection only at the low traffic loads. At higher traffic loads, STxMP transmission provides a loss in mean UE throughput. For edge UE throughput, STxMP provides a loss at all evaluated loads. STxMP tends to use resources from two TRPs, and typically there is a significant difference in the path loss of the link between the first UE Tx panel and the first TRP versus the path loss of the link between the second UE Tx panel and the second TRP. At low traffic loads, STxMP can provide benefits by enabling the second TRP to use system resources that would otherwise have been idle. However, at higher loads, scheduling both UE panels to transmit to two TRPs simultaneously often results in a situation where the resources used to transmit over the weaker link to the second TRP would have been better allocated to another UE with better channel conditions to that second TRP. At higher loads, the simple panel selection scheme gives the other TRP the option of scheduling those same resources to another UE in better channel conditions.  
Observation 23: For the dense urban scenario, STxMP provides gains in mean UE throughput over panel selection only at low traffic loads.  For edge UE throughput, STxMP provides a loss at all evaluated loads.  
Observation 24: At low traffic loads STxMP can provide benefits by enabling the use of system resources that would otherwise have been idle.  However, at high traffic loads, the scheduling constraints imposed by STxMP on two TRPs often result in the sub-optimal allocation of the resources controlled by the two TRPs.

3.	Simultaneous Multi-Panel PUCCH Transmission  
In RAN1 #109-e meeting, the following was discussed in the FL summary. We think it is a good to start have further discussions on STxMP PUCCH transmission considering both S-DCI and M-DCI modes. 

	FL Proposal 3.1: Study and evaluate the following schemes for STxMP PUCCH transmission in single-DCI
based mTRP:
· PUCCH FDM-A scheme: different frequency domain parts of one PUCCH resource are transmitted by two different UE panels.
· PUCCH FDM-B scheme: two FDM-ed PUCCH transmission occasions of the same UCI with the same
PUCCH format are transmitted from two different UE panels
· PUCCH SFN scheme: The same PUCCH/PUCCH-DMRS is transmitted from two different UE panels
· simultaneously.
· FFS: which one(s) PUCCH formats can support the PUCCH FDM-A, FDM-B, and SFN schemes

Proposal 3.2: For multi-DCI-based mTRP system, study to support transmitting two PUCCH resources to
different TRPs with different UE panels that are fully or partially overlapping in time domain:
· Study which overlapping type(s) of fully/partially in time domain and fully/partially/non-overlapping in frequency domain are supported for PUCCH+PUCCH.
· The study shall take into the UE implementation and RF considerations.
· Study the conditions required for STxMP of PUCCH+PUCCH.
· Study which one(s) of PUCCH formats can support the PUCCH+PUCCH.
· Study the enhancement of UCI multiplexing/dropping rule for STxMP in multi-DCI based mTRP system if STxMP is supported.
· FFS: whether/how to support UCI multiplexing/dropping for time-domain overlapped PUCCH and PUSCH transmitted from different panels.




	RAN-110 Agreement
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







For S-DCI STxMP PUCCH transmission, the listed PUCCH schemes (FDM-A, FDM-B SFN) make sense and further evaluations shall be carried out to select which of those schemes shall be supported in Rel-18. In general, when comparing FDM-A and FDM-B, one may argue that the FDM-B PUCCH transmissions (two FDM-ed PUCCH transmission occasion of the same UCI) allow one TRP to decode the UCI independently without coordinating (soft-combining) with the other TRP. However, as the code rate may be twice the code rate that can be used for FDM-A (assuming the same resource overhead for PUCCH), such independent decoding may not perform well compared to FDM-A. Also, UCI tend to transmit with lower code rates and self-decoding only with partially available UCI coded bits still be possible when using FDM-A. Therefore, we think that supporting FDM-A over FDM-B may make more sense for S-DCI STxMP PUCCH transmission. When considering the SFN scheme, as the full time/frequency resource used by both panels, we may not see any degradation of performance due to code rate changes. However, there may be a power limitation which could come due to STxMP limitations of use of power per UE/panel. Anyways, given that may still be useful in certain scenarios of PUCCH transmission, RAN1 can consider it further to support as a STxMP PUCCH scheme. 
Proposal 10: For STxMP PUCCH transmission in single-DCI based mTRP, consider supporting at least the following schemes, 
· PUCCH FDM-A scheme: different frequency domain parts of one PUCCH resource are transmitted by two different UE panels.
· PUCCH SFN scheme: The same PUCCH/PUCCH-DMRS is transmitted from two different UE panels simultaneously.

What can be observed from the single-DCI based STxMP PUCCH transmissions schemes, transmission occasions from different panels either use the same time and frequency resources (SFN) or the same time and different frequency resources (FDM). Then, the next question is that how especially the frequency domain resource allocation and thus also transmission mode (FDM or SFN) is selected and indicated to the UE. Especially we should consider dynamic transmission mode switching/indication with low overhead and added new complexity for the simultaneous PUCCH transmission using two panels. One approach would that triggering/activation/configuration of a PUCCH resource has an explicit indication based on which UE determines whether or not FDM is used (or SFN). In case of FDM scheme, the frequency domain allocation for the different PUCCH transmission occasions could be implicitly determined. For instance, depending on the formats as follows:
· PUCCH format 0, 1 or 4:
· Since PUCCH formats 0, 1 and 4 do not have explicit ‘nrofPRBs’ field and are having 1 RB frequency allocation, the UE transmits one PUCCH occasion (on one panel) on the 1 RB frequency resource determined for the resource as currently and then the second PUCCH occasion (on the other panel) on the next RB in frequency or on the RB with predefined distance in RBs
· PUCCH format 2 or 3:
· ‘nrofPRBs’ is always even number in this case
· UE assumes first half of the ‘nrofPRBs’ for the first PUCCH occasion (on one panel) and the second half of the ‘nrofPRBs’ for the second PUCCH occasion (on the other panel)

Proposal 11: Support explicit indication in the configuration/activation command/triggering command to indicate whether FDM or SFN is supported.

Proposal 12: In case of FDM indicated for PUCCH, consider implicit frequency domain allocation for different PUCCH transmission occasions. Details are FFS. 

For multi-DCI-based mTRP STxMP PUCCH transmission, i.e., when two different PUCCH transmissions towards different TRPs overlap in the time domain, it may not be feasible to assume that the same PUCCH resource or UCI is used by the UE as the transmissions are somewhat independently scheduled by each TRP. Therefore, transmitting two PUCCH resources to different TRPs with different UE panels can be fully or partially overlapping in time domain. Any special considerations, restrictions, or other optimizations which are needed to support such parallel transmissions can be investigated in this WI. Therefore, we think that agreeing to above FL proposal is required as a starting point. 

Proposal 13: For multi-DCI-based mTRP system, support transmitting two PUCCH resources to different TRPs with different UE panels that are fully or partially overlapping in time domain:
· Support overlapping type(s) of fully/partially in time domain and fully/partially/non-overlapping in frequency domain are supported for PUCCH+PUCCH.
· Study the conditions required for STxMP of PUCCH+PUCCH.
· Study which one(s) of PUCCH formats can support the PUCCH+PUCCH.
· Study the enhancement of UCI multiplexing/dropping rule for STxMP in multi-DCI based mTRP system if STxMP is supported.


4.	Conclusions  
In the previous sections, the following proposals have been made:
Proposal 1: Confirm RAN1-110 working assumption: Support the following scheme for STxMP PUSCH transmission in single-DCI based mTRP system in Rel-18:
· SDM scheme
· SFN
  
Proposal 2: Support extension of existing SRS resource set indication to dynamically indicate different UL TX modes, including legacy (e.g., Rel-17 TDM) and Rel-18 modes (e.g., SDM).   
Proposal 3: Support configuration of DMRS type per simultaneous multi-panel PUSCH transmission.
· FFS: details how to support it.

Proposal 4: Support configuration of precoding type per simultaneous multi-panel PUSCH transmission.
· FFS: details how to support it.

Proposal 5: Support new DCI field in DCI formats 0_1 & 0_2 for second antenna ports indication.
Proposal 6: Prioritize the use of single codeword for simultaneous SDM/SFN based multi-panel PUSCH transmission in Rel-18. 
Proposal 7: For precoder indication of multi-DCI fully/partially overlapping PUSCH transmission, no additional enhancement is required compared to legacy (Rel-15/16) TPMI indication. 

Proposal 8: Support both simultaneous DG-PUSCH transmission and CG-PUSCH transmission in Rel-18.
Proposal 9: For multi-DCI, support all possible overlapping options, (i.e. fully/partial in time and fully/partial/non-overlapping in frequency), among separately scheduled simultaneous multi-panel transmissions. 

Proposal 10: For STxMP PUCCH transmission in single-DCI based mTRP, consider supporting at least the following schemes, 
· PUCCH FDM-A scheme: different frequency domain parts of one PUCCH resource are transmitted by two different UE panels.
· PUCCH SFN scheme: The same PUCCH/PUCCH-DMRS is transmitted from two different UE panels simultaneously.



Proposal 11: Support explicit indication in the configuration/activation command/triggering command to indicate whether FDM or SFN is supported.

Proposal 12: In case of FDM indicated for PUCCH, consider implicit frequency domain allocation for different PUCCH transmission occasions. Details are FFS. 

Proposal 13: For multi-DCI-based mTRP system, support transmitting two PUCCH resources to different TRPs with different UE panels that are fully or partially overlapping in time domain:
· Support overlapping type(s) of fully/partially in time domain and fully/partially/non-overlapping in frequency domain are supported for PUCCH+PUCCH.
· Study the conditions required for STxMP of PUCCH+PUCCH.
· Study which one(s) of PUCCH formats can support the PUCCH+PUCCH.
· Study the enhancement of UCI multiplexing/dropping rule for STxMP in multi-DCI based mTRP system if STxMP is supported.
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[bookmark: _Ref115436687]Table 1: LLS assumptions
	Parameter
	Value

	Carrier frequency
	 30GHz

	Subcarrier spacing
	 120 kHz 

	System bandwidth 
	 8 RBs

	Waveform
	 CP-OFDM

	Transmission mode
	 Single panel R1, R2, multi panel R1+R1, R2+R1, R2+R2

	UE Antenna configuration
	 two Tx panels: (M,N,P,Mg,Ng ) = (2,4,2,1,2)
 single Tx panel: (M,N,P,Mg,Ng ) = (2,4,2,1,1)   

	BS Antenna configuration
	 (M,N,P,Mg,Ng ) = (4,8,2,1,2)

	BS 
	 Single TRP

	Precoder configuration
	 No precoding

	Slot structure
	 14 symbols (2 symbols for DMRS, 10 symbols for data) 

	MCS
	 QPSK, r=666/1024,

	Channel estimator
	 2x1D (FD: Wiener, TD: linear)

	Channel model
	 CDL-A 100ns, 3km/h

	UE/BS position
	 UE antenna position (0m,100m), BS antenna position (0m,0m)

	BS antenna angles
	 BS panel bearing angles 90o and 90o

	UE antenna angles
	UE panel bearing angles  0o + i  (Panel 1) and -180o + i (Panel 2), i  = [0o, 45o, 90o, 135o]. No panel selection, fixed angle used throughout simulation. Single panel simulations same angles are used. 
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