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1. Introduction
In the 3GPP RAN1 #89 and NR Ad hoc #2 meetings, the following agreements were achieved regarding multi-panel multi-TRP transmission:
Agreements:

· Adopt the following for NR reception:

· Single NR-PDCCH schedules single NR-PDSCH where separate layers are transmitted from separate TRPs

· Multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP 

· Note: the case of single NR-PDCCH schedules single NR-PDSCH where each layer is transmitted from all TRPs jointly can be done in a spec-transparent manner

· Note: CSI feedback details for the above case can be discussed separately
Agreements:

· For the reception of multiple NR-PDCCHs each scheduling a respective NR-PDSCH where each NR-PDSCH is transmitted from a separate TRP, NR supports:

· The maximum supported number of NR-PDCCHs/PDSCHs is either 2 or 3 or 4

· To be decided next meeting

· FFS signaling (explicit or implicit) of the maximum number of NR-PDCCHs/PDSCHs for a UE, including the case of signaling a single NR-PDCCH/PDSCH

Agreements:

· The maximum supported number of unicast and dynamically scheduled NR-PDSCHs a UE can be expected to simultaneously receive is 2 on a per component carrier basis in case of one bandwidth part for the component carrier

· FFS in case of two or more bandwidth parts for the component carrier

· FFS the max number of corresponding NR-PDCCHs
Agreements:

· Send LS to RAN2 (cc RAN3) to inform about RAN1 agreement from RAN1#89 on the support of multiple PDSCHs transmission to the UE to support NC-JT operation

· Include in the LS the following content 

· RAN1 agreement from RAN1#89

· RAN1 is considering different scenarios including TRPs connected with ideal and non-ideal backhaul link, TRPs with same and different cell IDs, etc. to provide an increased throughput for users covered by different TRPs, and greater radio link reliability through dual connectivity-like operation

· RAN1 thinks that the above agreement may have impact on RAN2 specification

· Actions: RAN1 asks RAN2 to take into account the above agreement in RAN2’s work and provide any information that may be relevant for future RAN1’s work on this topic
In this contribution, multi-panel and multi-TRP transmission for UL are further discussed.
2. Framework of UL Transmission
In our companion contribution, the following UL transmission framework is given. 
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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.

· 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 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. 

· For non-codebook based transmission, we support alternative 3 that a single SRI and TRI is used 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 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 are 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 is mainly power-limited. For such scenarios, it makes more sense for the UE to transmit simultaneously with two panels for one layer. 
Proposal 3: 

· For UL CP-OFDM waveform, two simultaneous PUSCH assignment are supported, as in DL.
5. Indication of Multiple QCL
According to our above discussion, multi-panel transmission schemes need to be considered for both single PUSCH and multiple PUSCH assignment. Although there would be no explicit inidicaiton about coherent transmission or NC-JT, there still should be some extra information about the QCL relationship to indicate the corresponding UL transmission.  
If multi-panel transmission is supported within one PUSCH, the network would then need to indicate multiple QCL for one assignment. This indication might be different for different scenarios :

· For codebook based transmission, through codebook indication, ports from multiple panels could be combined for coherent JT or could be selected for NC-JT; Thus above multiple QCL indication is not necessary. Transmission only needs a single SRI and a single TPMI, rather than multiple QCL indicaitons.

· For non-codebook based transmission, SRS transmission could be triggered through CRI. Coherent or non-coherent multiple panel transmission of SRS are both possible. It is upto implementation for the UE to automously select whether it is coherent transmission or non-coherent transmission. Based on single SRI and TRI indicaiton, it is also possible to indicate the corresponding multi-panel transmission. Non-codebook based transmission may also does not need multiple SRI indication for multiple transmission.
· For TxD schemes, multiple SRIs may be provided for UL precoder cycling or UE automomous beam selection.  DL measurement would be more easily and timely gained, with relatively lower overhead. Based on DL measurment, if multiple SRIs/CRIs are indicated, then it becomes possible for the UE to start transmission with the selected beams. SRS precoder cycling is also always possible. Through SRS transmission, it is still possible for the network to indicate through SRI about the corresponding multi-beam cycling.     
From above discussion, we have the following proposal.
Proposal 4: 

· For codebook or non-codebook based multi-panel UL transmission, multiple QCL indication may not necessarily be needed.
Proposal 5: 

· For TxD schemes, multiple SRI could be provided for precoder cycling or UE autonomous beam selection.
6. 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: 

· For UL CP-OFDM waveform, two simultaneous PUSCH assignment are supported, as in DL.
Proposal 4: 

· For codebook or non-codebook based multi-panel UL transmission, multiple QCL indication may not necessarily needed.
Proposal 5: 

· For TxD schemes, multiple SRI could be provided for precoder cycling or UE autonomous beam selection.
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