3GPP TSG RAN WG1 #112bis-e			R1- 2303361
e-Meeting, April 17th – April 26th, 2023

Agenda Item:       9.1.4.1
Source:            MediaTek Inc.
Title:              Simultaneous transmission across multiple UE panels
Document for:      Discussion and Decision
Introduction 
In this contribution, we will share our view on simultaneous multi-panel UL transmission to MTRP for the following aspects:
· PUSCH transmission for S-DCI based MTRP
· PUSCH transmission for M-DCI based MTRP
· Powe control and power headroom reporting
Discussion
S-DCI based PUSCH STxMP
Dynamic switch between S-TRP and M-TRP SDM transmission 
In RAN1#112-e [1], the following is agreed as the working assumption for dynamic switching between S-TRP transmission and M-TRP SDM transmission: 
	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


Regarding the configuration for the maximal number of layers, there was no consensus to support asymmetric panel capability in the previous RAN1 meeting. Hence, the legacy parameter maxRank/Lmax is sufficient to configure the maximal number of layers for S-TRP transmission, and one additional maximal number of layers for M-TRP SDM transmission will be configured and applied to both the first SRS resource set and the second SRS resource set. Moreover, the allowable maximal number of layers for one TRP is up to four layers in S-TRP transmission but up to two layers only in M-TRP SDM transmission, such that sperate configuration for SDM transmission and S-TRP transmission is needed. Therefore, we prefer to confirm the working assumption as an agreement.
Proposal 1: For S-DCI based PUSCH STxMP, confirm the following working assumption for dynamic switching between STxMP SDM scheme and sTRP transmission:
· For S-TRP transmission: The maximal number of layers of S-TRP 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 S-TRP) that is applied to the first SRS resource set and the second SRS resource set, separately (i.e., Alt1)

[image: ]For a UE supporting STxMP for M-TRP transmission, the UE will map a UE panel to one TRP in general, which implies dynamic switching between S-TRP transmission and M-TRP transmission achieves dynamic switching between single panel transmission and multi-panel transmission as well. Typically, a UE preforming multi-panel transmission to M-TRP will transmit the PUSCH ports (e.g., 4+4 PUSCH ports) with twice as the PUSCH ports (e.g., 4 PUSCH ports) for single panel transmission, as illustrated in Figure 1. 
Figure 1. Typical Tx mode for dynamic switch between single panel Tx with 4 ports and multi-panel Tx with 4+4 ports
[image: ]However, some companies proposed an enhancement to enable a transmission mode which allows the total number of the PUSCH ports are fixed when dynamic switching between S-TRP and M-TRP transmission. In this transmission mode, a UE equipping two back-to-back panels with 4 antenna ports in one panel uses all the 4 antenna ports from single panel when performing S-TRP transmission, while the UE selects 4 antenna ports across two panels (i.e., 2 antenna ports from the first panel and 2 antenna ports from the second panel) when preforming M-TRP transmission, as illustrated in Fig. 1. To enable this special transmission mode with dynamic switch between single panel Tx with 4 ports and multi-panel Tx with 2+2 antenna ports, some specification effort is required, such as how to select SRS ports across two SRS resource sets, port selection is UE-initiated or NW-indicated, how to inform which transmission mode (e.g., typical transmission mode in Figure 1 or special transmission mode in Figure 2) should be used for STxMP, and some uplink full power issue may be involved.
Figure 2. Special Tx mode for dynamic switch between single panel Tx with 4 ports and multi-panel Tx with 2+2 ports
Considering such large specification effort, the benefit of the special transmission mode should be justified first. Hence, we provide some SLS evaluation results to compare the following cases, reusing the EVM agreed in RAN1#109-e: 
· Case 1: Single panel Tx with 4 PUSCH ports only 
· Case 2: Dynamic switch between single panel Tx with 4 PUSCH ports and multi-panel Tx with 2+2 ports
· Case 3: Dynamic switch between single panel Tx with 4 PUSCH ports and multi-panel Tx with 4+4 ports
, and the detail of simulation assumption is attached in Appendix I. In Case 1, the UE always selects one panel from two back-to-back panels and uses all the 4 SRS ports corresponding to the panel for single-panel transmission with 4 PUSCH ports to single TRP. In Case 2 which is under the special transmission mode, besides of single panel transmission with 4 PUSCH ports to single TRP in Case 1, the UE could dynamically switch to activate both two panels and select 4 SRS ports across two panels for multi-panel transmission with 2+2 PUSCH ports to multiple TRPs. In Case 3 which is under the typical transmission mode, besides of single panel transmission with 4 PUSCH ports to single TRP in Case 1, the UE could dynamically switch to activate both two panels and use all the 8 SRS ports across two panels for multi-panel transmission with 4+4 PUSCH ports to multiple TRPs.
From the evaluation result shown in Figure 3, for a UE supporting 4 single panel transmission with 4 PUSCH ports, if a UE would like to further support STxMP SDM scheme for throughput enhancement, the special transmission mode in Case 2 is unconvincing, which provides quite marginal gain with 2% only. That means always using single panel transmission with 4 PUSCH ports is sufficient when the special transmission mode is the only way for supporting STxMP due to UE implementation.  
Observation 1: Enabling the special transmission mode to support multi-panel transmission with 2+2 PUSCH ports on top of single panel transmission with 4 PUSCH ports shows quite marginal gain with 2% only
Observation 2: When a UE uses the special transmission mode to implement STxMP SDM transmission, that is unnecessary to support STxMP SDM scheme and single-panel transmission only is sufficient.
However, if a UE can enable the typical transmission mode to implement STxMP SDM transmission in Case 3, the benefit of STxMP SDM scheme appears on average UPT performance with 14% gain. Hence, we believe that multi-panel transmission by STxMP SDM scheme is beneficial only when the typical transmission mode could be enabled to increase the number of PUSCH layers or the number of PUSCH ports, comparing to single-panel transmission.
Observation 3: Multi-panel transmission by STxMP SDM scheme is beneficial only when the typical transmission mode could be enabled to increase the number of PUSCH layers or the number of PUSCH ports, comparing to single-panel transmission.
Considering large spec effort for enabling the special transmission mode and quite marginal benefit, it is not worth to further support the special transmission mode to allow the total number of the PUSCH ports are the same when dynamic switching between S-TRP and M-TRP transmission.
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Figure 3. Average UPT Gain under DU scenario with low load (RU=20%)
Proposal 2: For dynamic switching between STxMP SDM scheme and S-TRP transmission in S-DCI based STxMP PUSCH, not support any enhancement to enable that the total number of used PUSCH antenna ports for the SDM and S-TRP is the same

Dynamic switch between S-TRP and M-TRP SFN transmission
In RAN1#112-e [1], the following is agreed for dynamic switching between S-TRP transmission and M-TRP SFN transmission: 
	Agreement
On dynamic switching between STxMP SFN scheme and sTRP transmission:
· The legacy maxRank/Lmax is applied to sTRP transmission
· For configuration of SFN, configure a separate parameter for the maximal number of layers for STxMP SFN


Analogous to SDM scheme, there will be one additional parameter for the maximal number of layers in SFN. However, the maximal number of layers for SFN scheme is up to 2 layers or up to 4 layers is controversial. In our understanding, a UE in STxMP SFN transmission transmits the same set of layers and applies two different precoding matrices and two different spatial filters on two set of PUSCH ports. Note that the maximal number of layers defines how many “different” data streams could be generated before precoding. Since the same data stream(s) is transmitted to two different TRPs in SFN scheme, the maximal number of layer(s) could be up to 4 layers.  
Proposal 3: For the SFN scheme of single-DCI based STxMP PUSCH, the maximal number of layer(s) is up to four layers 

SRS resource set configuration and SRI/TPMI indication
Regarding SRS resource set configuration and SRI/TPMI indication for S-DCI based PUSCH STxMP, the following was agreed in RAN1#111:
	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

Agreement
For dynamic switching between SDM scheme of single-DCI based STxMP PUSCH and sTRP transmission:
· Use the 2-bit “SRS resource set indicator” DCI field to dynamically indicate the sTRP or SDM transmission.
· FFS: how to interpret each codepoint of “SRS resource set indicator”.
· For the maximal number of layers for sTRP transmission, down-select:
· Option1: The maximal number of layers of sTRP transmission is configured by the maxRank (or Lmax) in current spec
· Option2:  Configuring one additional maximal numbers of layers for sTRP transmission, in addition to maxRank in current spec.
· Down-select one from the following for maximal number of layers of SDM transmission:
· Alt1: Configure one single maximal number of layers (separate from the maximal number(s) of layers for sTRP), that is applied to the first SRS resource set and the second SRS resource set, separately.
· Alt1a: The maxRank (or Lmax) in current spec is also applied to the first SRS resource set and the second SRS resource set, separately.
· Alt2: Configure separate maximal numbers of layers for the first SRS resource set and the second SRS resource set 
· Alt3: no dedicated configuration for SDM. The maximal number(s) of layers of sTRP and the UE capability reporting for SDM are used to determine the maximal number of layers of SDM transmission.
· Alt4: The maximal number(s) of layers in above Option1/2 also applied to the first SRS resource set and the second SRS resource set, separately.
· FFS:  To ensure the same size of DCI for sTRP and SDM cases, how to use/interpret the TPMI/SRI field(s) and whether to do reserved bit or zero padding.


When both the number of maximum layers in S-TRP case and the maximum layer combination for two TRPs in M-TRP operation are considered for size determination of SRI/TPMI field(s), the DCI payload length may misalign when dynamic switch between S-TRP transmission and M-TRP SDM transmission, according to the Rel-17 interpretation of codepoint(s) of SRS resource set indicator. 
To grantee the DCI length payload length alignment when dynamically switching between S-TRP and M-TRP operation, three are three alternatives, and the corresponding design for interpretation of codepoint(s) of the SRS resource set indicator field are also considered: 
· Alt 1: The size of SRI/TPMI field(s) is determined according to the maximum of (a) the maximal number of layers for S-TRP and (b) the maximal number of layers for M-TRP SDM. And the corresponding interpretation of codepoint(s) of the SRS resource set indicator field is defined as:
	Codepoint
	SRS resource set indication

	00
	· The 1st SRI field and 1st TPMI field are associated with the 1st SRS resource set
· The 2nd SRI field and 1st TPMI field are reserved

	01
	· The 1st SRI field and 1st TPMI field are associated with the 2nd SRS resource set
· The 2nd SRI field and 1st TPMI field are reserved

	10
	· The 1st SRI field and 1st TPMI field are associated with the 1st SRS resource set
· The 1st SRI field and 1st TPMI field are associated with the 2nd SRS resource set

	11
	Reserved



· Alt 2: The size of SRI/TPMI field(s) is determined according to the maximal number of layers for M-TRP SDM only. And the corresponding interpretation of codepoint(s) of the SRS resource set indicator field is defined as:
	Codepoint
	SRS resource set indication

	00
	· The 1st SRI field and 1st TPMI field are associated with the 1st SRS resource set
· The 2nd SRI field and 1st TPMI field are associated with the 1st SRS resource set

	01
	· The 1st SRI field and 1st TPMI field are associated with the 2nd SRS resource set
· The 2nd SRI field and 1st TPMI field are associated with the 2nd SRS resource set

	10
	· The 1st SRI field and 1st TPMI field are associated with the 1st SRS resource set
· The 1st SRI field and 1st TPMI field are associated with the 2nd SRS resource set

	11
	Reserved



· Alt 3: The size of SRI/TPMI field(s) is determined according to the maximal number of layers for S-TRP if the SRS resource set indicator field indicates S-TRP transmission, and some padding bits are added. While it is determined according to the maximal number of layers for M-TRP SDM if the SRS resource set indicator field indicates M-TRP transmission. And the corresponding interpretation of codepoint(s) of the SRS resource set indicator field is defined as:
	Codepoint
	SRS resource set indication

	00
	· The 1st SRI field and 1st TPMI field are associated with the 1st SRS resource set
· The 2nd SRI field and 1st TPMI field are reserved

	01
	· The 1st SRI field and 1st TPMI field are associated with the 2nd SRS resource set
· The 2nd SRI field and 1st TPMI field are reserved

	10
	· The 1st SRI field and 1st TPMI field are associated with the 1st SRS resource set
· The 1st SRI field and 1st TPMI field are associated with the 2nd SRS resource set

	11
	Reserved



For analysing the pros and cons of three alternatives, we illustrate one example shown in Figure 4 under the following assumptions:
· Two SRS resource sets are configured with usage={codebook} and 4 SRS ports for each SRS resource
· The maximal numbers of layers for S-TRP and M-TRP SDM are configured as 4 and 2 layers, respectively
· Full power mode 1 is configured
In the example, Alt 1 requires the most DCI payload among three alternatives. For Alt 1, the sizes of both first and the second SRI/TPMI fields will be determined based on maximal layers configuration for S-TRP transmission to indicate up to 4 layers. Even indicating up to 2 layers is enough for M-TRP SDM transmission, the NW still need to waste some of bits for aligning the sizes of SRI/TPMI fields when indicating M-TRP SDM scheme. 
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Figure 4. Example for DCI payload length and SRI/TPMI field sizes of three alternatives 
Observation 4: Alt 2 and Alt 3 require the same DCI payload length which is less than the DCI payload length in Alt 1
Then, Alt 2 and Alt 3 have the same DCI payload length, but Alt 3 may cause error propagation problem due to dynamic DCI field size parsing. In the Alt 2, the size of the SRI/TPMI field(s) is determined according to the maximal number of layers for M-TRP SDM only, such that DCI field size parsing is static and each field size will not change when dynamic switching between S-TRP and M-TRP transmission. Since the maximal number of layers for M-TRP SDM is usually less then or equal to the maximal number of layers for S-TRP, Alt 2 could have less DCI payload length then Alt 1. However, Alt 2 requires the different interpretation of SRS resource set indicator field from the interpretation of SRS resource set indicator field in Rel-17. When the SRS resource set indicator field indicates S-TRP transmission, both of two SRI/TPMI fields are associated with one SRS resource set and jointly interpreted as providing a concatenation of the bits of the first and the second SRI/TPMI fields, and part of the concatenation (ex.,  MSB or LSB bits) are used to derive one SRI/TPMI, where the value of  is determined based on the maximal number(s) of layers in S-TRP transmission. It should be noticed that concatenation of two fields is always sufficient to provide the required bit length for indicating S-TRP transmission for any value of the maximal numbers of layers for S-TRP and M-TRP. The concept of joint interpretation for multiple fields is analogous to joint interpretation for RV field, MCS field and NDI field for SCell dormancy indicated by DCI format1_1.
Observation 5: In Alt 2, concatenation of two SRI/TPMI fields is always sufficient to provide the required bit length for indicating S-TRP transmission for any value of the maximal numbers of layers for S-TRP and M-TRP
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Figure 5. Joint interpretation in S-TRP transmission and separate interpretation in M-TRP SDM transmission for Alt 2
Alt 3 could reuse the same interpretation of SRS resource set indicator field in Rel-17 and require the same payload length as Alt 2, but the size of the SRI/TPMI field(s) (ex., the 2nd SRI field, the 1st and 2nd TPMI field in Figure 5) will vary according to the indication for SRS resource set indicator field, which may cause error propagation problem. If the SRS resource set indicator field is detected as an incorrect value but within a valid range, then that incorrect indication for SRS resource set indicator field will result in incorrect field size determination for SRI/TPMI fields, which is error propagation problem caused by dynamic DCI payload parsing.
Observation 6: Alt 3 may cause error propagation problem due to dynamic DCI field size parsing according to the indication of the SRS resource set indicator field
Proposal 4: For S-DCI based PUSCH STxMP SDM scheme, the sizes of the first and the second SRI/TPMI fields are determined according to the maximal number(s) of layers in M-TRP SDM transmission
· If the SRS resource set indicator fields indicates S-TRP transmission, both of two SRI/TPMI fields are associated with one SRS resource set and jointly interpreted to derive one SRI/TPMI
· Two SRI/TPMI field are interpreted as providing a concatenation of the bits of the first and the second SRI/TPMI fields
· Part of the concatenation (ex.,  MSB or LSB bits) bits are used to derive one SRI/TPMI, where the value of  is determined based on the maximal number(s) of layers in S-TRP transmission
· If the SRS resource set indicator fields indicates M-TRP transmission, two SRI/TPMI fields are associated with two different SRS resource sets, respectively, and the UE separately interprets two SRI/TPMI fields to derive two SRIs/TPMIs 
Next, the corresponding interpretation of codepoints of SRS resource set indicator for SDM scheme is defined as follows: 
· Both the first and the second SRI/TPMI fields are used and associated with the first SRS resource set, when S-TRP transmission (TRP1) is indicated with codepoint = ‘00’
· Both the first and the second SRI/TPMI fields are used and associated with the second SRS resource set, when S-TRP transmission (TRP2) is indicated with codepoint = ‘01’
· The first SRI/TPMI field is used and associated with the first SRS resource set, and the second SRI/TPMI field is used and associated with the second SRS resource set, when M-TRP transmission is indicated with codepoint = ‘10’
· The first SRI/TPMI field is used and associated with the second SRS resource set, and the second SRI/TPMI field is used and associated with the first SRS resource set, when M-TRP transmission is indicated with codepoint = ‘11’
For the codepoints ‘00’ and ‘01’ indicating S-TRP transmission, since the UE jointly interprets two SRI/TPMI fields to derive one SRI/TPMI, both of two SRI/TPMI are used and associated with one SRS resource set only. Note that it is different from the interpretation of codepoint ‘00’ and ‘01’ for R17 TDM repetition.
Proposal 5: For S-DCI based PUSCH STxMP SDM scheme, the interpretation of codepoints of SRS resource set indicator for SDM scheme is defined as follows:
· If the SRS resource set indicator indicates a codepoint = “00”, both the first and the second SRI/TPMI fields are used and associated with the first SRS resource set
· If the SRS resource set indicator indicates a codepoint = “01”, both the first and the second SRI/TPMI fields are used and associated with the second SRS resource set
· If the SRS resource set indicator indicates a codepoint = “10”, the first SRI/TPMI field is used and associated with the first SRS resource set and the second SRI/TPMI field is used and associated with the second SRS resource set
· The codepoint ‘11’ is reserved

Antenna port indexing for a PUSCH
Until Rel-17, one PUSCH occasion is associated with single SRS resource set, such that the antenna port indexing for a PUSCH always follows the antenna port indexing for an SRS resource set. For codebook-based transmission, the UE shall transmit PUSCH using the same antenna ports as the SRS ports in the SRS resource indicated by the SRI, where the (j+1)-th SRS port in one SRS resource is indexed as the antenna port with . And for non-codebook-based transmission, the UE shall transmit PUSCH using the same antenna ports as the SRS port(s) in the SRS resource(s) indicated by SRI(s), where the SRS port in (i+1)-th SRS resource in the SRS resource set is indexed as the antenna port with , as illustrated in Figure 6. 
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Figure 6. Legacy antenna port indexing of an SRS resource set for a PUSCH associated with one SRS resource set
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Figure 7. Legacy antenna port indexing of an SRS resource set for a PUSCH associated with two SRS resource sets
When it comes to R18 S-DCI based STxMP, one PUSCH occasion will be associated with two SRS resource sets. In that case, the legacy antenna port indexing for a PUSCH is inapplicable, because one PUSCH antenna port will be corresponding to two SRS ports from two different SRS resource sets, as illustrated in Figure 7. 
Observation 7: Legacy antenna port indexing for a PUSCH is inapplicable, because two SRS ports corresponding to two different SRS resource sets will be associated with the same PUSCH antenna port, when two SRS resource sets are associated with one PUSCH occasion
We think the SRS ports from different SRS resource sets should be corresponding to different PUSCH antenna ports, since there are individually precoded. Hence, the antenna port indexing for a PUSCH should be enhanced for S-DCI based STxMP PUSCH to specify the other antenna port indexing rule for SRS ports across two SRS resource sets, as shown in Figure 8. For codebook-based PUSCH, if one PUSCH is associated with two SRS resource sets, then the UE transmits PUSCH using the same SRS ports of the indicated SRS resource(s) for two SRS resource sets, where the (+1)-th SRS port in (+1)-th SRS resource in the (+1)-th SRS resource set is indexed as the antenna port with , and  represents the number of SRS port(s) in the SRS resource indicated by the SRI for the first SRS resource set. For non-codebook-based PUSCH, if one PUSCH is associated with two SRS resource sets, then the UE transmits PUSCH using the same SRS ports of the indicated SRS resource(s) for two SRS resource sets, where the (+1)-th SRS port in (+1)-th SRS resource in the (+1)-th SRS resource set is indexed as the antenna port with , and  represents the number of the SRS resource(s) for the first SRS resource set.
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Figure 8. Enhanced antenna port indexing for a PUSCH associated with two SRS resource sets
Proposal 6: For S-DCI based STxMP PUSCH, if one PUSCH is associated with two SRS resource sets, the UE shall transmit PUSCH using the same SRS ports of the indicated SRS resource(s) for two SRS resource sets:
· For CB-PUSCH, the (+1)-th SRS port in (+1)-th SRS resource in the (+1)-th SRS resource set is indexed as , where  represents the number of SRS port(s) in the SRS resource indicated by the SRI for the first SRS resource set
· For NCB-PUSCH, the (+1)-th SRS port in (+1)-th SRS resource in the (+1)-th SRS resource set is indexed as , where  represents the number of the SRS resource(s) for the first SRS resource set

PT-RS Port Indication 
Regarding P-TRS port indication for S-DCI based PUSCH STxMP in SDM scheme and SFN scheme, the following was agreed in RAN1#110-bis-e and RAN1#112:
	Agreement
Support to configure up to 2 PTRS ports for SDM scheme of single-DCI based STxMP PUSCH transmission:
· For 2 PTRS ports, study how to use the ‘PTRS-DMRS association’ field in DCI format 0_1 and 0_2 to indicate the PTRS-DMRS association for SDM scheme

Agreement
When max 2 PTRS ports are configured for SDM scheme of single-DCI based STxMP PUSCH:
· Actual number of PTRS ports in SDM is 2 and 2-bit “PTRS-DMRS association”DCI field is used to indicate the PTRS-DMRS association for the DMRS ports associated with two TMPI/SRI fields.
· The MSB indicates the association between PTRS port 0 and the DMRS port(s) associated with the first TPMI/SRI field.
· The LSB indicates the association between PTRS port 1 and the DMRS port(s) associated with the second TPMI/SRI field. 
· Regarding the “ptrs-PortIndex” configured to SRS resource for NCB PUSCH of SDM scheme, the UE ignores the configuration of “ptrs-PortIndex” per SRS resource.
FFS: Whether additional RRC configuration is needed for the max number of PTRS ports for SDM transmission
Agreement
For single-DCI based STxMP SFN scheme,
· When maxNrofPorts = 2 is configured for PTRS in SFN scheme, the actual number of PTRS port(s) in SFN is determined by the 1st TPMI field for CB or 1st SRI field for NCB
· Each PTRS port is transmitted in SFN manner


For SDM scheme, to address the issue that two DMRS ports associated with different SRS resource sets may share the same PTRS port based on the legacy rule, RAN1 agreed that the UE should ignore the configuration of “ptrs-PortIndex” per SRS resource for non-codebook-based PUSCH in the pervious meeting, when the maximal number of PTRS ports is configured to 2 PTRS ports for SDM scheme. However, which PTRS port should the DRMS ports corresponding to the first SRS resource set be associated with is still undefined. The most straightforward way is that the DMRS port(s) corresponding to the first SRS resource set shares PTRS port 0 and the DMRS port(s) corresponding to the second SRS resource set shares PTRS port 1. 
Moreover, we think that codebook-based PUSCH also faces the same issue that two DMRS ports associated with different SRS resource sets may share the same PTRS port based on the legacy rule. In the legacy, for a partial-coherent and non-coherent codebook-based PUSCH, PUSCH antenna port 1000 and 1002 in an indicated TPMI share PT-RS port 0, and PUSCH antenna port 1001 and 1003 in an indicated TPMI share PT-RS port 1. The mapping between PUSCH antenna port(s) and P-TRS port(s) is still operating for a specific SRS resource set and determined based on the indicated TPMI for the SRS resource set, such that two DMRS ports associated with different SRS resource sets may share the same PTRS port. Hence, we suggest following the same mapping rule we just mentioned for NCB-PUSCH, to have a pre-defined mapping between DMRS ports for two SRS resource sets and P-TRS ports. 
Observation 8: For S-DCI based STxMP PUSCH in SDM scheme, the codebook-based PUSCH also faces the same issue that two DMRS ports associated with different SRS resource sets may share the same PTRS port based on the legacy rule.
Proposal 7: For S-DCI based STxMP PUSCH in SDM scheme, when the maximal number of PTRS ports is configured to 2 PTRS ports for SDM scheme, the DMRS port(s) corresponding to the first SRS resource set shares PTRS port 0 and the DMRS port(s) corresponding to the second SRS resource set shares PTRS port 1, for both codebook-based and non-codebook-based PUSCH 

M-DCI based PUSCH STxMP
In RAN1#110-bis-e and RAN1#111, we have the following agreements for M-DCI based PUSCH STxMP:
	Agreement
For multi-DCI based STxMP PUSCH+PUSCH, study enhancements of the UCI multiplexing rule to address the case that one PUCCH overlaps with two overlapped PUSCHs of STxMP PUSCH+PUSCH:


We identified four cases to be discussed for enhancements of the UCI multiplexing rule, when one or more PUCCH(s) overlaps with two overlapped PUSCHs of STxMP PUSCH+PUSCH: 
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Figure 9. Enhanced antenna port indexing for a PUSCH associated with two SRS resource sets
In Case 1 and Case 2, when one PUCCH is overlapped to both two PUSCHs in time domain, it will be ambiguous about which PUSCH should the PUCCH be multiplexed to. Hence, the UCI multiplexing rule should be enhanced to have per-TRP UCI multiplexing. For Case 3 and Case 4, one PUCCH belonging to TRP1 will be multiplexed to the PUSCH belonging to TRP2 according to the legacy UCI multiplexing rule. In our view, that one PUCCH belonging to one TRP is multiplexed to the PUSCH belonging to the other TRP is feasible, the PUCCH forwarding to the correct TRP could be handled by two TRPs. 
Observation 9: If one PUCCH is overlapped to PUSCH(s) in time, and the PUSCH(s) includes the PUSCH associated with the same coresetPoolIndex value as the coresetPoolIndex value for the PUCCH, the UE should multiplex the UCI to the PUSCH associated with the same value of coresetPoolIndex/srsResourceSetIndex
Observation 10: If one PUCCH is overlapped to PUSCH(s) in time, and the PUSCH(s) does not include the PUSCH associated with the same coresetPoolIndex value as the coresetPoolIndex value for the PUCCH, it is acceptable that the UE multiplexes the UCI to the PUSCH associated with the different value of coresetPoolIndex/srsResourceSetIndex
Proposal 8: For M-DCI based STxMP PUSCH, support per-TRP UCI multiplexing rule only when one PUCCH is overlapped to two overlapped PUSCH(s) of STxMP PUSCH+PUSCH in time, and the PUSCH(s) includes the PUSCH associated with the same coresetPoolIndex value as the coresetPoolIndex value for the PUCCH
· Note: Not support any enhancement for any case other than the above case

Power Control and Power Headroom Reporting
Power Allocation for Per-UE Power Limitation
[bookmark: _Hlk131522737]For M-DCI based PUSCH+PUSCH STxMP, UE can determine UL Tx power for each PUSCH Tx occasion based on current UL PC procedure in TS 38.213, thus per-panel power limitation can be guaranteed by the legacy UE-configured maximum output power. However, to meet the per-UE power limitation, M-DCI based PUSCH+PUSCH STxMP should be also considered as a part of prioritizations for transmission power reductions in current spec of TS 38.213. In our view, for the case if the starting symbols of two overlapped PUSCH Tx occasions are not aligned, the UE shall allocate the power for the earlier PUSCH Tx occasion first, regardless of the priorities of the overlapped PUSCH Tx occasions. Such behavior is already supported by current specification since the UE does not include power for transmissions starting after the symbol of transmission occasion i when the UE determines a total Tx power for serving cells in a frequency range in a symbol of transmission occasion i. If the starting symbols of two overlapped PUSCH Tx occasions are aligned, the UE allocates the power for the PUSCH with higher priority. On how to define the priority between two overlapped PUSCH Tx occasions, this can be further discussed.
Proposal 9: M-DCI based PUSCH+PUSCH STxMP should be taken into account of the clause of TS 38.213 for prioritizations for transmission power reductions
· FFS: Enhancement to priority rule for two PUSCH Tx occasions in the same serving cell

Power Headroom Reporting Enhancement
Until Rel-17, the power headroom report including R17 power headroom reporting (PHR) for S-DCI based M-TRP is designed assuming single panel transmission. R17 PHR for S-DCI based M-TRP allows TRP-specific PHR to report two power headroom values corresponding to two TRPs in a power headroom report.
In S-DCI based M-TRP operation, R17 PHR for M-TRP is designed for TDM repetition scheme. We think it can be reused as baseline, and some enhancement is needed to support PHR in STxMP. First, the determination rule of actual PHR or virtual PHR is according to transmission timing of two PUSCH occasions, which is inapplicable for STxMP because there is one PUSCH occasion only. Note that if dynamic switch between S-TRP and M-TRP is supported for STxMP, the PUSCH can be transmitted to two TRPs or single TRP. Hence, in our view, the determination rule for types of two power headroom in a PHR can be specified as follows: 
· If the first PHR is actual for an actual PUSCH transmission associated with one SRS resource set
· If the PUSCH transmission is associated with the other SRS resource set as well, then the second PHR is actual.
· Else, the second PHR for a reference PUSCH associated with the other SRS resource set is virtual
· If the first PHR is virtual for a reference PUSCH transmission associated with one SRS resource set, and the second PHR for a reference PUSCH associated with the other SRS resource set is virtual
Observation 11: R17 power headroom report for M-TRP can be reused as baseline for power headroom report in S-DCI based STxMP.
Observation 12: Determination rule for virtual PHR or actual PHR for R17 power headroom report for M-TRP is inapplicable for R18 STxMP
Second, under per-UE power limitation assumption, the total power of PUSCH transmitted from single-panel or multi-panel is limited by the maximum total transmit power . In STxMP, the total transmit power is shared for two panels according to UE’s implementation, which implies that the maximum transmit power for two panels () could be different. Hence, to report per-panel maximum transmit power is required for STxMP, and it is not allowed in legacy power headroom reporting. 
Observation 13: To report per-panel maximum transmit power is necessary for STxMP. 
Proposal 10: For power headroom report in S-DCI based STxMP, study the enhancement considering R17 power headroom report for S-DCI based M-TRP operation as starting point
For STxMP in M-DCI based M-TRP operation, power headroom report should be triggered by two TRPs individually. According to procedure of legacy power headroom reporting, some issues may be raised:   
· Issue 1: A PHR for one TRP may be triggered because the condition is satisfied for the other TRP  
· Issue 2: Which PSUCH should carry the PHR when two PUSCH are fully overlapping in time-domain
It seems that the legacy PHR rule is not appliable and should be further study if STxMP in M-DCI based M-TRP operation is supported. 
Proposal 11: For power headroom report in M-DCI based STxMP, study the enhancement for supporting individual power headroom reporting for two panels/TRPs

Conclusion
Based on the discussion in the previous sections, we made the following proposals and observations:
S-DCI based PUSCH STxMP
Observation 1: Enabling the special transmission mode to support multi-panel transmission with 2+2 PUSCH ports on top of single panel transmission with 4 PUSCH ports shows quite marginal gain with 2% only
Observation 2: When a UE uses the special transmission mode to implement STxMP SDM transmission, that is unnecessary to support STxMP SDM scheme and single-panel transmission only is sufficient
Observation 3: Multi-panel transmission by STxMP SDM scheme is beneficial only when the typical transmission mode could be enabled to increase the number of PUSCH layers or the number of PUSCH ports, comparing to single-panel transmission
Observation 4: Alt 2 and Alt 3 require the same DCI payload length which is less than the DCI payload length in Alt 1
Observation 5: In Alt 2, concatenation of two SRI/TPMI fields is always sufficient to provide the required bit length for indicating S-TRP transmission for any value of the maximal numbers of layers for S-TRP and M-TRP
Observation 6: Alt 3 may cause error propagation problem due to dynamic DCI field size parsing according to the indication of the SRS resource set indicator field
Observation 7: Legacy antenna port indexing for a PUSCH is inapplicable, because two SRS ports corresponding to two different SRS resource sets will be associated with the same PUSCH antenna port, when two SRS resource sets are associated with one PUSCH occasion
Observation 8: For S-DCI based STxMP PUSCH in SDM scheme, the codebook-based PUSCH also faces the same issue that two DMRS ports associated with different SRS resource sets may share the same PTRS port based on the legacy rule.
Proposal 1: For S-DCI based PUSCH STxMP, confirm the following working assumption for dynamic switching between STxMP SDM scheme and sTRP transmission:
· For S-TRP transmission: The maximal number of layers of S-TRP 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 S-TRP) that is applied to the first SRS resource set and the second SRS resource set, separately (i.e., Alt1)
Proposal 2: For dynamic switching between STxMP SDM scheme and S-TRP transmission in S-DCI based STxMP PUSCH, not support any enhancement to enable that the total number of used PUSCH antenna ports for the SDM and S-TRP is the same
Proposal 3: For the SFN scheme of single-DCI based STxMP PUSCH, the maximal number of layer(s) is up to four layers 
Proposal 4: For S-DCI based PUSCH STxMP SDM scheme, the sizes of the first and the second SRI/TPMI fields are determined according to the maximal number(s) of layers in M-TRP SDM transmission
· If the SRS resource set indicator fields indicates S-TRP transmission, both of two SRI/TPMI fields are associated with one SRS resource set and jointly interpreted to derive one SRI/TPMI
· Two SRI/TPMI field are interpreted as providing a concatenation of the bits of the first and the second SRI/TPMI fields
· Part of the concatenation (ex.,  MSB or LSB bits) bits are used to derive one SRI/TPMI, where the value of  is determined based on the maximal number(s) of layers in S-TRP transmission
· If the SRS resource set indicator fields indicates M-TRP transmission, two SRI/TPMI fields are associated with two different SRS resource sets, respectively, and the UE separately interprets two SRI/TPMI fields to derive two SRIs/TPMIs 
Proposal 5: For S-DCI based PUSCH STxMP SDM scheme, the interpretation of codepoints of SRS resource set indicator for SDM scheme is defined as follows:
· If the SRS resource set indicator indicates a codepoint = “00”, both the first and the second SRI/TPMI fields are used and associated with the first SRS resource set
· If the SRS resource set indicator indicates a codepoint = “01”, both the first and the second SRI/TPMI fields are used and associated with the second SRS resource set
· If the SRS resource set indicator indicates a codepoint = “10”, the first SRI/TPMI field is used and associated with the first SRS resource set and the second SRI/TPMI field is used and associated with the second SRS resource set
· The codepoint ‘11’ is reserved
Proposal 6: For S-DCI based STxMP PUSCH, if one PUSCH is associated with two SRS resource sets, the UE shall transmit PUSCH using the same SRS ports of the indicated SRS resource(s) for two SRS resource sets:
· For CB-PUSCH, the (+1)-th SRS port in (+1)-th SRS resource in the (+1)-th SRS resource set is indexed as , where  represents the number of SRS port(s) in the SRS resource indicated by the SRI for the first SRS resource set
· For NCB-PUSCH, the (+1)-th SRS port in (+1)-th SRS resource in the (+1)-th SRS resource set is indexed as , where  represents the number of the SRS resource(s) for the first SRS resource set
Proposal 7: For S-DCI based STxMP PUSCH in SDM scheme, when the maximal number of PTRS ports is configured to 2 PTRS ports for SDM scheme, the DMRS port(s) corresponding to the first SRS resource set shares PTRS port 0 and the DMRS port(s) corresponding to the second SRS resource set shares PTRS port 1, for both codebook-based and non-codebook-based PUSCH 
M-DCI based PUSCH STxMP
Observation 9: If one PUCCH is overlapped to PUSCH(s) in time, and the PUSCH(s) includes the PUSCH associated with the same coresetPoolIndex value as the coresetPoolIndex value for the PUCCH, the UE should multiplex the UCI to the PUSCH associated with the same value of coresetPoolIndex/srsResourceSetIndex
Observation 10: If one PUCCH is overlapped to PUSCH(s) in time, and the PUSCH(s) does not include the PUSCH associated with the same coresetPoolIndex value as the coresetPoolIndex value for the PUCCH, it is acceptable that the UE multiplexes the UCI to the PUSCH associated with the different value of coresetPoolIndex/srsResourceSetIndex
Proposal 8: For M-DCI based STxMP PUSCH, support per-TRP UCI multiplexing rule only when one PUCCH is overlapped to two overlapped PUSCH(s) of STxMP PUSCH+PUSCH in time, and the PUSCH(s) includes the PUSCH associated with the same coresetPoolIndex value as the coresetPoolIndex value for the PUCCH
· Note: Not support any enhancement for any case other than the above case
Power Control and Power Headroom Reporting
Observation 11: R17 power headroom report for M-TRP can be reused as baseline for power headroom report in S-DCI based STxMP.
Observation 12: Determination rule for virtual PHR or actual PHR for R17 power headroom report for M-TRP is inapplicable for R18 STxMP
Observation 13: To report per-panel maximum transmit power is necessary for STxMP. 
Proposal 9: M-DCI based PUSCH+PUSCH STxMP should be taken into account of the clause of TS 38.213 for prioritizations for transmission power reductions
· FFS: Enhancement to priority rule for two PUSCH Tx occasions in the same serving cell
Proposal 10: For power headroom report in S-DCI based STxMP, study the enhancement considering R17 power headroom report for S-DCI based M-TRP operation as starting point
Proposal 11: For power headroom report in M-DCI based STxMP, study the enhancement for supporting individual power headroom reporting for two panels/TRPs
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Appendix I: Simulation Assumptions

	Parameters
	Values

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

	Scenarios
	Dense urban (macro-layer only, TR 38.913) @FR2, 200m ISD, 2-tier model with wrap-around (7 sites, 3 sectors/cells per cell), 100% outdoor

	UE speed
	3 km/hr for all UEs

	Maximum UE Tx Power
	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, 8, 2, 2, 2). (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (2.0, 4.0) λ

	UE antenna configuration
	Two back-to-back panels with 2 or 4 antenna ports per panel: 
2 antenna ports with (M, N, P, Mg, Ng) = (2, 4, 2, 1, 2); (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (0, 0)λ. 
4 antenna ports with (M, N, P, Mg, Ng) = (4, 8, 2, 1, 2); (dV, dH) = (0.5, 0.5) λ. (dg,V, dg,H) = (0, 0)λ.

	UE dropping
	Random

	UE and panel orientation
	Vertical but random in azimuth

	Traffic Model
	FTP model 1 with packet size 0.5Mbytes and RU=20% (low load)

	BF/Precoder scheme
	Wideband precoder

	UE Antenna height
	1.5 m

	UL MIMO Mode, rank
	UL SU-MIMO/MU-MIMO
Up to rank 4 for STxMP with 2 panels.

	Per panel power control and other issues that are affected by RF transmission chain architecture
	· Per-panel open-loop TPC is assumed. 
· Power control parameters (i.e., p0, alpha) and path-losses are TRP-specific. 
· The same power control parameters (p0 = -80dBm and alpha = 0.8) but different path-losses are assumed for two TRPs.

	Cross-link interference between 2 panels
	The cross-link interference between 2 panels is treated as inter-layer interference. 
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