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Introduction
For Rel-18 MIMO, STxMP (Simultaneous Transmission Multi-Panel) will be standardized. In the WID [1], the relevant objectives are as follows. The part marked with red colors will be handled under this agenda item.
	[bookmark: OLE_LINK269]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 the RAN#109 meeting, some agreements have been achieved for STxMP on the items to be further studied and the evaluation methodology. In this contribution, we provide some discussions on UL precoding indication for STxMP.
Discussion



[bookmark: _Ref101685309]Figure 1. An example of multi-panel and single-panel UL transmission schemes

In Rel-17, a UE can only perform a UL transmission by using a single panel as shown in (b) and (c) of Figure 1. In Rel-18, it will be studied how to support simultaneous multi-panel UL transmission for some types of UEs which have sufficient power supplies as shown in (a) of Figure 1. However, it may not be necessary or good for a UE to always use simultaneous multi-panel UL transmission. In some cases, e.g., due to channel variation or blockage, it could be beneficial to let a UE switch to single-panel UL transmission towards one TRP as a fallback. In some cases, e.g., to provide more UL scheduling flexibilities, it could be beneficial to let a UE switch to single-panel UL transmission towards two TRPs in a TDM manner as in Rel-17 mTRP PUSCH. To achieve this, it can be considered that a UL DCI has a freedom to choose between scheduling simultaneous multi-panel UL transmission and scheduling single-panel UL transmission. 
For a UE supporting simultaneous multi-panel UL transmission, it should be further studied how to support dynamic switching among all or a sub-set of the following UL transmission schemes.
· Simultaneous two-panel UL transmission towards one or two TRPs (STxMP)
· Single-panel UL transmission towards one TRP (sTRP PUSCH)
· Single-panel UL transmission towards two TRPs in a TDM manner (mTRP PUSCH)

In the RAN1#109 meeting, it has been agreed to study FDM, SFN and SDM schemes for STxMP according to the following agreement [2].
	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


As for precoding indication for these schemes, two SRI fields and two TPMI fields as defined for Rel-17 mTRP PUSCH will be used as a starting point according to the following agreement [2].
	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.


In the following, we share some further discussions on how to indicate SRI and TPMI for those potential STxMP schemes.
For the FDM scheme, UL transmissions from two panels are performed on two non-overlapping frequency resources. For simplicity, the same number of layers should be assumed for each panel. Actually, the same assumption on the number of layers has been made for Rel-16 mTRP FDMed PDSCH and Rel-17 mTRP TDMed PUSCH. Under this assumption, it is also simple for DMRS port indication since equivalently the same DMRS port(s) are used for two panels. For the FDM scheme, it can reuse the assumption and thus reuse the SRI/TPMI indication for Rel-17 mTRP PUSCH. More specifically, the first SRI/TPMI field indicates SRI/TPMI for the first panel and the number of layers, then the second SRI/TPMI field indicates SRI/TPMI for the second panel by assuming the same number of layers.
For the FDM scheme, SRI/TPMI for each panel should be indicated by assuming the same number of layers for each panel. 
· SRI/TPMI indication for mTRP PUSCH can be reused

For the SFN scheme, the same UL transmissions from two panels are performed on the same time and frequency resource. Wherein, the same UL transmissions imply that TPMIs and DMRS ports should be the same for two panels. Anyway, SRIs can be different to indicate two sets of SRS ports used for two panels. Therefore, two SRIs and one TPMI can be indicated for two panels. If supporting the dynamic switching between the SFN scheme and a single-panel scheme with two TPMI fields, e.g., Rel-17 mTRP PUSCH, there should be still two TPMI fields but with one TPMI field reserved and unused for the SFN scheme. An example is provided in Figure 2 to show the two TPMI fields. For mTRP PUSCH, both the first TPMI field and the second TPMI field are in use. To support dynamic switch between the SFN scheme, the mTPR PUSCH scheme and the sTRP scheme, the second TPMI field is filled with the padding bits for the SFN scheme and the sTPR scheme.


[bookmark: _Ref110260326]Figure 2. An example of TPMI fields for SFN

For the SFN scheme, it can be considered that two SRIs and one TPMI are indicated for two panels. 
· To support dynamic switching between the SFN scheme and the single-panel scheme with two TPMI fields, one TPMI field is reserved for the SFN scheme.

For the FDM scheme, since the numbers of layers are the same for both panels, the same DMRS ports are used for both panels. For the SFN scheme, it is required that the same DMRS ports are used for both panels. Therefore, for both the FDM scheme and the SFN scheme, the same DMRS ports are used for both panels.
For both the FDM scheme and the SFN scheme, DMRS ports can be indicated by reusing the existing method. 

For the SDM scheme, two sets of layers are transmitted from two panels on the same time and frequency resource. Wherein, DMRS ports from two CDM groups are used for two panels. According to the following agreement, the numbers of layers do not have to be the same for two panels, and the potential layer combinations include 1+1, 1+2, 2+1, and 2+2 [2]. 
	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.


To support these layer combinations, SRI/TPMI for each panel should be indicated independently. On this point, it is different from Rel-17 mTRP PUSCH where the second SRI/TPMI is indicated by assuming the same number of layers as that of the first SRI/TPMI. Depending on whether having the information on the number of layers when indicating SRI/TPMI, the required bit widths of the SRI/TPMI field are different. To support dynamic switching between the SDM scheme and a single panel scheme such as Rel-17 mTRP PUSCH, the bit width of the SRI/TPMI field should be the largest one required by the two schemes. An example is provided in Figure 3 to show the bit width of each TPMI field. For the first TPMI field, the required bit width is the same for all the schemes. For mTRP PUSCH, the second TPMI field has a smaller size than that of the first TPMI field. This is because that the number of layers is not indicated by the second TPMI field. For the SDM scheme, the second TPMI field has the same size with that of the first TPMI field. This is because that the number of layers should be also indicated by the second TPMI field. To support dynamic switching between the SDM scheme, the mTPR PUSCH scheme and the sTRP scheme, the largest bit width should be used to determine the size of the second TPMI field and the unused bits are filled with the padding bits.


[bookmark: _Ref110257248]Figure 3. An example of bit width for each TPMI field for SDM

For the SDM scheme, to support the layer combinations of {1+1, 1+2, 2+1, 2+2}, SRI/TPMI for each panel should be indicated independently. 
· To support dynamic switching between the SDM scheme and the single-panel schemes, the bit width of the SRI/TPMI field should be the largest one required by the schemes.

For the SDM scheme, DMRS ports from two CDM groups are used for two panels. As for DMRS port indication, it should be indicated which DMRS ports are for the first panel and which DMRS ports are for the second panel, i.e., the DMRS port combination. As one way, the DMRS port combination can be indicated by the antenna ports field in a UL DCI. More specifically, the antenna ports field indicates a row of a table. As for the table, it can reuse the existing table by replacing the parameter “rank” with “the total number of layers for two panels”, or it can be a new compact table which includes only the rows containing DMRS ports from two CDM groups. As another way, a mapping between layer combinations and DMRS port combinations can be predefined. Once having the layer combination based on the two SRI/TPMI fields, the predefined mapping is used to determine which DMRS ports are mapped to which layers or panels. As an example, for the layer combination of 1+2, it is predefined that the DMRS port combination of port 0 + port 2, 3 is associated with it.
For the SDM scheme, to support a certain layer combination from {1+1, 1+2, 2+1, 2+2}, the corresponding DMRS port combination can be determined based on
· the antenna ports field in a UL DCI, or 
· a predefined mapping between layer combinations and DMRS port combinations

Conclusion
In this contribution, we have expressed our views on STxMP in Rel-18. The proposals are summarized as follows. 
1. For a UE supporting simultaneous multi-panel UL transmission, it should be further studied how to support dynamic switching among all or a sub-set of the following UL transmission schemes.
· Simultaneous two-panel UL transmission towards one or two TRPs (STxMP)
· Single-panel UL transmission towards one TRP (sTRP PUSCH)
· Single-panel UL transmission towards two TRPs in a TDM manner (mTRP PUSCH)
For the FDM scheme, SRI/TPMI for each panel should be indicated by assuming the same number of layers for each panel. 
· SRI/TPMI indication for mTRP PUSCH can be reused
For the SFN scheme, it can be considered that two SRIs and one TPMI are indicated for two panels. 
· To support dynamic switching between the SFN scheme and the single-panel scheme with two TPMI fields, one TPMI field is reserved for the SFN scheme.
For both the FDM scheme and the SFN scheme, DMRS ports can be indicated by reusing the existing method. 
For the SDM scheme, to support the layer combinations of {1+1, 1+2, 2+1, 2+2}, SRI/TPMI for each panel should be indicated independently. 
· To support dynamic switching between the SDM scheme and the single-panel schemes, the bit width of the SRI/TPMI field should be the largest one required by the schemes.
For the SDM scheme, to support a certain layer combination from {1+1, 1+2, 2+1, 2+2}, the corresponding DMRS port combination can be determined based on
· the antenna ports field in a UL DCI, or 
· a predefined mapping between layer combinations and DMRS port combinations

Reference
[1] [bookmark: _Ref95477855]RP-213598, New WID: MIMO Evolution for Downlink and Uplink, RAN#94, Dec. 6-17, 2021.
[2] [bookmark: _Ref111020518]Chair’s notes, RAN1#109e, May 9-20, 2022.


1/12
image2.emf
2

nd

TPMI

1

st

TPMI

1

st

TPMI

1

st

TPMI SFN:

mTRP:

sTRP:

1

st

TPMI field 2

nd

TPMI field

padding

padding


oleObject2.bin
2nd TPMI


1st TPMI


1st TPMI


1st TPMI


SFN:


mTRP:


sTRP:


1st TPMI field


2nd TPMI field


padding


padding



image3.emf
padding 2

nd

TPMI

1

st

TPMI

1

st

TPMI

1

st

TPMI 2

nd

TPMI SDM:

mTRP:

sTRP:

1

st

TPMI field 2

nd

TPMI field

padding


oleObject3.bin
padding


2nd TPMI


1st TPMI


1st TPMI


1st TPMI


2nd TPMI


SDM:


mTRP:


sTRP:


1st TPMI field


2nd TPMI field


padding



image1.emf
(a) 

Simultaneous two-panel UL transmission 

towards two TRPs(or one TRP)

(c) 

Single-panel UL transmission towards one TRP

(b) 

Single-panel UL transmission towards two 

TRPs in a TDM manner

PUSCH PUSCH PUSCH PUSCH

PUSCH

PUSCH

PUSCH


oleObject1.bin

