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Introduction
In the RAN1#109e meeting, the UL precoding indication for multiple panel transmission was discussed. In this meeting, single DCI and Multiple DCI transmission, the configuration of SRS resource sets, layer combination and DMRS port indication for SDM scheme were discussed[1]. The detailed agreements are listed in the related section in the discussion. 

In this contribution, we discussed our views about the UL precoding indication for the simultaneous multiple panel UL transmission. 

Discussion
2.1 Single DCI based STxMP
A few detailed schemes were agreed to be studied and evaluated. The agreement is as below. 

	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




Among the five candidate solutions, the SDM scheme is used for throughput enhancements. The performance depends on the assumption of maximum transmit power. If the UE with two panels with two separate PA, it is assumed that the maximum transmit power of each PA is 23dBm, the limitation of the total transmit power is 26dBm. Then the two-panel simultaneous transmission has a higher throughput than single panel transmission. Even if the SINR of two channels between UE and two TRPs have a relative large gap, the additional transmit power from the 2nd panel will bring additional throughput gain. And in another case, it is assumed that the maximum transmit power of the UE is 26dBm and the power limit of each PA within the panel is also 26dBm. Then it should be discussed in which scenario two panel transmission would bring benefits. If the channel states in two links are similar, it may not have much difference for single or two panel simultaneous transmission. But if the SINR of one link is much higher than the other, single panel transmission will bring additional benefits than two panel simultaneous transmission. Since UE could put more power onto the link with higher SINR to get higher throughput. This case is also similar to that the UE has one single PA and the two panels share this PA. 

[bookmark: _Hlk111148044]Observation 1:
Whether two panel simultaneous transmission could bring benefits over single panel transmission depends on the assumption of PA. 
· If single PA of one panel could reach the transmit power limit, then when the one link has a much higher SINR than the other, single panel transmission would be better than the two-panel transmission.
· If the single PA of one panel cannot reach the transmit power limit, then two-panel transmission would bring benefits.

Then whether an additional CW should be supported depends on the assumption of the PAs. If single PA under two panel or single PA of one panel can reach the allowed maximum transmit power of one UE, then no need to support two CWs. Since if the SINR difference is large, single panel will be used and single CW is enough. And if single PA of one panel cannot reach the maximum allowed transmit power, then a 2nd CW could be used in the other panel for a different MCS. 

[bookmark: _Hlk111148051]Proposal 1:
Two codewords could bring benefits in the case that the PA in one panel cannot reach the maximum allowed transmit power. 

FDM-A and FDM-B are for the enhancements of reliability. The difference between two schemes is that gNB should receive both parts from two TRPs to decode the data in FDM-A. But in FDM-B, the transport block could be decoded if only one transmission from one TRP can be received. And if the total frequency domain resource are same for the two schemes, the code rates are similar for FDM-A and FDM-B. Then FDM-B has a higher reliability compared with FDM-A. 

[bookmark: _Hlk111148058]Proposal 2: 
FDM-B is slightly preferred since it has a higher reliability compared with FDM-A. 

The SFN and SDM repetition are also for the enhancement of reliability. SFN could be considered as the power enhancement. And the design the specification is much simpler. Whether the SDM repetition has higher performance than SFN needs detailed simulation. And in the SDM repetition scheme, if the transmission with RV0 is blocked, the performance would have a significant loss, which may not happen in the SFN scheme. 

[bookmark: _Hlk111148063]Observation 2:
If the transmission with RV0 is blocked, SDM repetition will have a performance loss.

2.2 Multiple DCI based STxMP
	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.




The use cases are still under study for multiple DCI MTRP. The combination of DG/CG-PUSCH and Msg 3/Msg A PUSCH needs clarification. In this case, it seems that one TRP of the mTRP has a good connection and traffic, but the UE lose the uplink synchronization to the other TRP. For the 3rd bullet, in Rel-17 simultaneous transmissions to two TRPs are not allowed. If the STxMP is supported and fully/partially overlapping in time happens, the power split between two panels should be discussed. Since the scheduling of two TRPs are separated, a predefined rule for power splitting should be used to prevent power change within one transmission. 

[bookmark: _Hlk111148069]Proposal 3: 
If the maximum power is shared between two panels, a rule should be defined for the power splitting between two panels for the time domain overlapped transmission.

Additional coordination or limitations should be considered for this case. As it was agreed that maximum layer number should be four. The maximum layer number per TRP should be limited. And for the two UL grant DCIs, they should not schedule a same panel for the UL transmission. It also should be considered that whether the same resources or overlapped resources in frequency domain is allowed in the multiple DCIs scenarios. It is not clear whether the UE can support mapping two parts of the data to the same frequency domain resources in a short time. And in addition, if the two panel transmit their own uplink data to the two TRPs, the interference between two uplinks should be considered. 

[bookmark: _Hlk111148074]Proposal 4:
The resource collision or the overlapped frequency domain resources between the two panel simultaneous transmission should be discussed. 

2.3 Two codeword and layer mapping
	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.




As it was agreed that the combination of {1+1, 1+2, 2+1, 2+2} are supported for SDM transmission of single DCI. And whether {1+3, 3+1} are still FFS. Whether 1+3 and 3+1 are supported is also related with whether two CWs could be supported. Because if one link has a RANK of 1 and the other has a RANK of 3, it means that the channel condition of two link are extremely different and single MCS cannot be used. Two CWs with two MCS should be introduced to fit to different channel conditions to the two TRPs. 

[bookmark: _Hlk111148080]Proposal 5:
If two codewords are not supported, there is no need to support the layer combination of {1+3, 3+1}.

2.4 Others
In Rel-17 MIMO, only the port number of multiple panels with different values are reported to the gNB. For example, if the UE has two panel but with a same two ports for the uplink, the UE will only report single two ports to the gNB. The gNB cannot distinguish whether the UE have a single panel with a two uplink ports or two panels with two ports. But for the UE with different UL ports in the two panel, e.g. 2 and 4 uplink ports, the gNB can understand that the UE has two panels and one with 2 UL ports and the other with 4 UL ports. In this agenda, the UE capability reporting of two panel with the same number of the ports should be solved. 

[bookmark: _Hlk102120346]Proposal 6:
It should be discussed the UE capability reporting of multiple panels with a same UL ports number in each panel.  

Conclusions
In this contribution, we discussed the related issues about UL precoding indication for the simultaneous multi-panel UL transmission. The proposals are listed as below.

Observation 1:
Whether two panel simultaneous transmission could bring benefits over single panel transmission depends on the assumption of PA. 
· If single PA of one panel could reach the transmit power limit, then when the one link has a much higher SINR than the other, single panel transmission would be better than the two-panel transmission.
· If the single PA of one panel cannot reach the transmit power limit, then two-panel transmission would bring benefits.

Observation 2:
If the transmission with RV0 is blocked, SDM repetition will have a performance loss.

Proposal 1:
Two codewords could bring benefits in the case that the PA in one panel cannot reach the maximum allowed transmit power. 

Proposal 2: 
FDM-B is slightly preferred since it has a higher reliability compared with FDM-A. 

Proposal 3: 
If the maximum power is shared between two panels, a rule should be defined for the power splitting between two panels for the time domain overlapped transmission.

Proposal 4:
The resource collision or the overlapped frequency domain resources between the two panel simultaneous transmission should be discussed. 

Proposal 5:
If two codewords are not supported, there is no need to support the layer combination of {1+3, 3+1}.

Proposal 6:
It should be discussed the UE capability reporting of multiple panels with a same UL ports number in each panel.  
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