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1. Introduction
In the 3GPP RAN1 #90, the following agreements were achieved regarding multi-panel multi-TRP transmission:
Agreements:
· The maximum supported number of NR-PDCCHs corresponding to scheduled NR-PDSCHs that a UE can be expected to receive in a single slot is 2 on a per component carrier basis in case of one bandwidth part for the component carrier

· FFS the case of multiple BWPs for the component carrier if supported

· (Working assumption) In this case, at most a total of 2 CWs over the scheduled NR-PDSCHs

· For multiple NR-PDCCH reception for scheduled NR-PDSCHs:

· FFS whether or not there is any impact on # of HARQ processes and/or soft buffer management

· FFS the mapping between PUCCH conveying ACK/NACK signalling and PDSCH

Note: this topic is more suitable for discussion under scheduling/HARQ session
In this contribution, multi-panel and multi-TRP transmission for UL are further discussed.
2. Framework of UL Transmission
The framework for codebook and non-codebook based transmission together with SRS transmission behavior is established in our companion contribution.
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There are typically three steps in the framework:

· Beam Management

· The major purpose of beam management is for the network and UE to adjust the Tx beam and Rx beam toward each other with low overhead, low computation complexity; 

· The major targeting scenarios are above 6GHz scenario. For below 6GHz scenarios, such beam management could also be used to reduce implementation complexity and increase coverage.

· The beam management procedure might be different for reciprocity based scenarios and non-reciprocity scenarios. For reciprocity based scenarios, UE could leverage downlink beam management procedure and CRI indication to refine its initial beam. For non-reciprocity based scenarios, UE may need several rounds of RS transmission and beam report for U1, U2 and U3.

· SRS for UL CSI Acquisition

· For the UEs that conducted the first step of beam management, they are configured or triggered to transmit SRS with SRI or CRI gained from beam management procedures;

· For the UEs that does not engage in any beam management procedure, typically UEs below 6GHz, they should be triggered to transmit precoded or non-precoded SRS explicitly. This is necessary because UE would then know how to transmit SRS.

· For non-precoded SRS,  information for needed SRS should be reported;

· For precoded SRS, the corresponding resources that the UE use to generate the UL precoder should be indicated to the UE; 

· For scheduled UL transmission

· UE should be notified whether it is codebook based transmission or non-codebook based transmission or TxD schemes;

· The corresponding DCI interpretation would be different.
Multi panel transmission should also fall in above framework:

· Based on beam management, UE could find out one or more beam pair links for each panel to maintain connection to the network. 
· For CSI acquisition, simultaneous SRS could be transmitted from multiple panels for UL CSI acquisition;

· For Tx schemes, codebook based transmission, non-codebook based transmission and TxD should all support multi-panel transmission

Proposal 1: 

· For single PUSCH transmission, UL multi-panel transmission should be supported under the common UL transmission framework with single panel transmission.
3. Multi-panel Transmission Schemes
As in the DL, coherent joint transmission and NC-JT should both be considered for multi-panel transmission schemes. 
· For codebook based transmission, as we proposed in our companion contribution, the codebook should be limited within one resource or within one resource group in order for the network to know which beams could be transmitted together. 
· Port selection and combination are supported with the defined codebook. Multi-panel coherent joint transmission could be supported with the codebook.

· Non-coherent joint transmission could also be easily supported through port selection functionality of designed codebook.
· Multiple SRIs plus corresponding codebook could also be leveraged to support multi-panel transmission.  

· For non-codebook based transmission, it has already been agreed for Alt.1 with multiple SRIs for the indication of transmission schemes.
· Based on downlink measurement, UE gains the channel state information and use the information for UL SRS transmission. 
· Whether the transmission is coherent or non-coherent depends on how SRS is transmitted. If SRS is coherently transmitted, then the following SRI indication would indicate coherent joint transmission scheme. If SRS is non-coherently transmitted, then the transmission would be non-coherent joint transmission.

· For TxD scheme, coherent joint transmission and non-coherent joint transmission should also both be supported.
·  Multi-panel transmission would benefit transmit diversity, especially for the case that the two panels are facing two opposite directions and the network could use multiple TRPs to receive the UE signal.

· Whether the transmission is coherent or not is not explicitly signaled by network. It should be UE based.  
· The network could always signal a set of beams or precoding vectors. UE could autonomously select beams from the set based on DL measurement.

Proposal 2: 

· Coherent JT and NC-JT should both be supported for codebook based transmission, non-codebook based transmission and TxD schemes.
· C-JT or NC-JT is not explicitly signaled by network.

4. Number of PUSCH and PUCCH in UL
Simultaneous PDSCH assignment has already been supported in the DL.  NC-JT could also be supported by simultaneous PUSCH transmission from multiple panels. The reason for such support includes the following:
· Up to 8 layer transmission would be supported for UL. Thus there would be two codewords. If only fixed correspondence between codeword and layers is supported, then there would be cases that one codeword would be mapped across TRPs, which would then require high capacity backhaul.
· Even with a single codeword, there are scenarios like the first two layers in the 1st panel is transmitted to the 1st TRP while the 3rd and 4th layers are in the 2nd panel, targeting the 2nd TRP. One codeword mapped across TRPs are also inevitable.   

If simultaneous PUSCH transmission is supported, the above issues would not exist. The network could always schedule the UE to transmit according to the channel condition.
The scenarios for UL DFT-s-OFDM are mainly power-limited. For such scenarios, it makes more sense for the UE to transmit simultaneously with two panels for one layer. 
As it has already been agreed to support multiple PDCCH, the number of PUCCH could also be as large as two to make the corresponding configuration and design simpler. Beams of the two PUCCH could be related to that of corresponding PDCCH, or could be based on configuration. Details of resource mapping and relationship with PDSCH ACK/NACK and PUSCH transmission could be   
Proposal 3: 

· At least for UL CP-OFDM waveform, two simultaneous PUSCH assignments are supported, as in DL.
5. Conclusion

In this contribution, beam management and reporting are discussed, and the following proposals are given:
Proposal 1: 

· For single PUSCH transmission, UL multi-panel transmission should be supported under the common UL transmission framework with single panel transmission.
Proposal 2: 

· Coherent JT and NC-JT should both be supported for codebook based transmission, non-codebook based transmission and TxD schemes.
· C-JT or NC-JT is not explicitly signaled by network.

Proposal 3: 

· At least for UL CP-OFDM waveform, two simultaneous PUSCH assignments are supported, as in DL.
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