[bookmark: OLE_LINK25][bookmark: OLE_LINK24][bookmark: OLE_LINK13][bookmark: OLE_LINK12][bookmark: OLE_LINK33][bookmark: OLE_LINK34]3GPP TSG RAN WG1 #97                                                R1-1906468                                                                          
Reno, USA, May 13th - 17th, 2019

Source:         ZTE
Title:            Additional considerations on multi-TRP transmission in UL aspects
Agenda item:    7.2.8.5
Document for:	Discussion and Decision
Introduction
In RAN1#95 meeting, both single PDCCH and multiple PDCCH designs were agreed as follows [1]
Agreement#1:
For multi-TRP/panel transmission, both multiple PDCCH and single PDCCH designs are supported in Rel-16
· Applies for eMBB

There is following agreement in RAN1#96bis for multi-TRP in UL aspect [2]. 

Agreement#2
For separate ACK/NACK payload/feedback for received PDSCHs where multiple DCIs are used 
-Support TDMed PUCCH transmission within a slot to convey, at least separate ACK/NACK only feedback, with separated HARQ-ACK codebook for two TRPs
-FFS: Details on how this feature is supported in the specifications (for examples, introduction of restrictions and/or further enhancements)
[bookmark: _GoBack]The discussion on multi-TRP transmission in UL aspects now focuses on the PUCCH for ACK/NACK feedback. The other aspects on UL transmission for multi-TRP should be studied to improve reliability, delay and spectrum efficiency.  In this contribution, we provide our views on enhancement for SR and buffer state report with Multi-TRP transmission. Also, we provide our views on enhancement of TA considering Multi-TRP transmission. 
Discussion
For multiple TRP transmission based on multiple DCI design, separate PUCCH transmissions have been agreed for two coordinated TRPs because of non-ideal backhaul. Therefore, it is natural to support separate PUSCHs for the two TRPs as well since PUSCH is also used to feedback UCI. Because PUSCH transmission is based on SRS resource set for both codebook and non-codebook based transmission, two SRS resource sets should be supported for TRP0 and TRP 1 respectively. In addition, semi-static ACK codebooks should also be separate for the two TRPs. All those UL enhancements should be supported for multiple DCI design. More analysis on enhancements of PUSCH, SRS and semi-static ACK codebook can be found in our companion contribution [3].
Additionally, enhancements on scheduling request, buffer state report and TA for multiple DCI design should also be considered as described in this contribution.
Scheduling request enhancement for Multi-TRP transmission
SR enhancement  
For multiple TRP transmission, one very important scenario is non-ideal backhaul between two coordinated TRPs. In this case, multiple PDCCHs from different TRPs are used to schedule PDSCHs independently. Since UE may have no capability to simultaneously transmit PUCCH/PUSCH for multiple TRPs, TDMed PUCCH transmissions for the two TRPs have been agreed for ACK/NACK feedback. However, how to transmit SR for the two TRPs is still unclear. When there are two uplinks corresponding to two TRPs with non-ideal backhaul and the UE wants to transmit data to the gNB as shown in Figure 1. There are following options.

Figure1: A UE with two uplinks corresponding to two TRPs
Opt1：The UE transmits the SR to only one TRP. The TRP receiving the SR can cooperate with another TRP through non-ideal backhaul. It will increase the delay. In high frequency bands, the reliability may be low when the SR can’t be transmitted successfully because of blockage. 
Opt2. A SR mapped on one PUCCH with multiple spatial relations corresponding to different TRPs. Specifically, the same SR with multiple beams is transmitted simultaneously to more than one TRPs. This option is only suitable for UEs with multiple panels with the capability of simultaneous transmission.
Opt3: Two SR groups are supported which correspond to two TRPs respectively. The SR can be included in a PUCCH or a PUSCH with the same group ID as the SR when the SR resource collides with other PUCCH/PUSCH. So SRs from different SR groups should be included in different PUCCH or different PUSCH transmitted to different TRPs. In other words, SRs from different SR groups can’t be included in the same PUCCH or the same PUSCH. The number of bits used for one SR group is determined by the number of the SRs in the SR group. The buffer and the transmission to the two TRPs are independent at the UE side. This option has higher flexibility and doesn’t need too much communication between two TRPs. 
Based on above analysis for these three options, we prefer to support option 3.
Proposal 1: SR resources should be divided into two groups which correspond to two TRPs respectively.  
Buffer state report enhancement 
In NR Release 15, MAC-CE is used to report the buffer states of one or more LCGs (logic channel groups) for MCG or SCG, and the MAC-CE is carried on PUSCH. 
For two TRPs with non-ideal backhaul, the buffer state reporting should be enhanced similarly as the SR enhancement described in section 2.1.1. Specifically, LCGs should be divided into two LCG groups corresponding to two TRPs and the two LCG groups are respectively associated with two MAC-CE for independent buffer state reports. So the buffer state reports of the LCGs in the same LCG group can be included in the same MAC-CE and the same PUSCH. On the other hand, the buffer state reports of the LCGs in the different LCG groups can’t be included in the same MAC-CE and the same PUSCH. 
Proposal 2: Support separate MAC-CE carried on different PUSCHs for buffer state reports to two TRPs.
TA enhancement for Multi-TRP transmission
Since locations of the two coordinated TRPs are different, TA and QCL assumptions corresponding to the two TRPs may be different. The accuracy of TA can be improved if different TA configurations are supported for different TRPs. For multi-TRP transmission with multiple PDCCH design, each TA should refer to the respective TRS/SSB from the corresponding TRP. The UL transmission for one TRP should use the respective TA. Therefore, the CORESET group should be associated with TRS/SSB for the same TRP. As shown in Figure 2, the UL signal scheduled by a DCI from a CORESET group should use the TA which is relative to the down link time based on the associated TRS/SSB.

Figure 2: UL signals to two TRPs with different TAs 
Proposal 3: Support multiple TAs for UL signals to different TRPs
Conclusions
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In this contribution, we provide our views to enhance for SR and buffer state report with Multi-TRP transmission. We also provide our views on enhancement of TA considering Multi-TRP transmission. There are following observations and proposals.
Proposal 1: SR resources should be divided into two groups which correspond to two TRPs respectively.. .  
Proposal 2: Support separate MAC-CE carried on different PUSCH for buffer state reports to two TRPs.  .
Proposal 3: Support multiple TAs for UL signals to different TRPs
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