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1.
Introduction
This contribution is motivated by the following agreement in 3GPP RAN1#89[1] and RAN1 NR AH#2[2]

RAN1#89 Agreements:
· 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

· 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
RAN1 NR AH#2 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
· 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
· LS draft and endorsed in R1-1711820. Final LS agreed in R1-1712000
Some of above agreements aim at reliable DL transmission in the multi-TRP scenario, either for throughput enhancement or reliability consideration similar to dual connectivity-like operation. For the case of single NR-PDCCH schedules single NR-PDSCH, same NR-PDSCH can be transmitted from each TRP for reliable downlink receiving. URLLC UE therefore can rely on it to ensure high reliable transmission on PDCCH and PDSCH. In addition to downlink case, reliable uplink transmission is even more demanded especially for URLLC UEs considering limited transmission power as well as highly strict delay budget due to low latency requirement. If grant-based uplink transmission is performed in URLLC operation. Upon completion of UL SR and the followed DL uplink grant signalling, time leftover time for initial transmission and possible retransmission is very limited. As for uplink grant free transmission where signalling overhead is deducted. Since gNB couldn’t foresee the arrival time of URLLC UL traffic, preconfigured resource dedicated for URLLC users is impractical, partially overlapped resource is more promising. In this case, possible collisions among URLLC UEs is inevitable, which instead leads to unreliable transmission and hence violates URLLC requirement. 
Since the meeting of RAN2#96, multi-connectivity has been approved as a scheme for reliability enhancement in URLLC [3], and both user plane and control plane duplication is supported in RAN2 NR AH#1 [4], quoted bellow.
RAN2#96 Agreements:

· Multi-connectivity (e.g., with packet duplication, link selection) should be studied for achieving the reliability requirement for URLLC
For grant-free uplink transmission, multi-connectivity framework can also be adopted here to achieve reliable UL traffic reception at network side. In this contribution, we aim at enforcing uplink part transmission under multi-TRP framework for URLLC in UL grant-free case, and propose solutions to activate coordinated TRPs for reliable uplink receiving. 
In previous meeting, multiple resource configurations for URLLC uplink gran-free transmission had been approved as following. 
RAN1 AH#3 Agreements:
· Multiple resource configurations for UL tx without UL grant can be configured to a UE 
· For UL tx without UL grant, the same resource configuration is used for K repetitions for a TB including the initial transmission
Different resource configurations can be used for different traffic type or HAQR ID. In addition to that, in our opinion these configurations could be TRP dependent, i.e., each configuration can be assigned by a dedicated TRP. The parameter settings of corresponding configurations could rely on TRP’s preference, such as resource budget, service type provided, etc.  
2.
Discussion on multi-TRP for uplink 
In uplink grant-free transmission, the most criticized part of the consequence of partially shared resource configuration is the contention problem. To resolve the collisions of URLLC UL traffic using shared resource among TRPs, TRPs can firstly negotiate each other before configuring their own UL resource set. The information exchange of TRPs for negotiation includes traffic types of their own serving UEs, which could determine the sizes and ranges of resource set on each TRPs with restricted overlapped area. Moreover, they need to share their capability assessment of joint processing on resources configured by other TRPs, i.e., the receiving resource set at a TRP is a super set of individual assigned UL resource set of coordinated TRPs. 
Due to sporadic nature of URLLC traffic and UE movement. TRPs cannot precisely anticipate the time point and the exact TRPs to form a TRP group for joint receiving and processing of URLLC uplink traffic. Semi-static or static configuration of TRP group deployment is therefore infeasible. 
2.1 Coordination based on DMRS reception 
An important feature necessary for uplink grant-free transmission is to identify the UE performing uplink transmission since gNB cannot foresee any potential UE if pre-scheduling is not allowed. In previous RAN1 meeting, for URLLC UE identification, the following agreements had been achieved.

RAN1 NR AH#2 Agreements:

· RAN1 considers that UE transmitting UL transmission without UL grant can be identified based on time/frequency resources and RS parameter(s). 
RAN1 NR AH#2 Agreements:
· In addition to the RS parameters, time and frequency resource are configured in a UE-specific manner.

· Note: it is common understanding that the time and frequency resources configured for a UE may or may not collide with those for another UE (to be captured in the LS).
According to the agreements, RS parameter, resource location or their combination can be used for UE identification. Accurate UE identification is utterly important and a prerequisites for high reliability receiving. To achieve this goal, UE specific DMRS parameters should be distinguishable at the receiver. Considering RS overhead of medium or small packet size of URLLC application, only limited RS time/frequency resource is available. If we strive for more URLLC users to be accommodated in the same RS resource using different ZC sequences or cyclic shift index, reliability of UE identification would become a critical issue. In view of this, we can resort to coordinated receiving of DMRS among TRPs for reliability enhancement.
Based on the DMRS design discussed for UL MIMO, front-loaded DMRS symbol(s) has been adopted for UL channel estimation. The purpose of front-loaded reference signal design is for fast acquisition of channel information for data demodulation. Relying on the detection of dynamically appeared DMRS signal, TRPs that have successfully detected an UE ID can instantly form a TRP group to be ready for forthcoming UL data receiving. In our study, either selected TRP receiving or joint TRP receiving is possible. 
For URLLC, two or more links might be needed for some extreme-reliability cases within a latency bound. Same uplink data can be transmitted over multiple connections, or over a single connection dynamically selected and among multiple TRPs. 
· Selected TRP reception
For selected TRP receiving, based on the measurement results on DMRS, these TRPs can negotiate with each other to determine which TRP(s) is(are) more suitable and only one or some of the TRPs successfully detected UE ID is(are) selected and responsible for the following UL reception. The selection criterion could be detected signal strength of UE ID or currently traffic loading conditions at TRPs. In this case, only TRP(s) selected for UL reception need to perform channel estimation over uplink channel of detected UE. 
· Joint TRP reception over single transmission
In some delay sensitive applications, negotiation among TRPs after UE detection may not be allowed due to additionally induced latency. For example, the time-consumption necessity for measurement and coordination among TRPs might extend across over the time point of UL data transmission. In this case, after UE detection, each TRP then jointly receive following UL data, and the negotiation is performed afterward to come up with the best decision of data combination for robust decoding. If ideal backhaul is present, simultaneous combining at physical layer is possible, while for non-ideal backhaul, data duplication for independent reception at TRP is necessary. Note that RAN2 has already agreed packet duplication for user plane and control plane in NR-PDCP for both CA and DC cases.

· Joint TRP reception over multiple transmissions
In the case of beamforming, data from the same PDU but with different RVs can be transmitted to different TRPs simultaneously, diversity gain therefore can be achieved, especially for cell-edge UEs with limited time budget to perform HARQ with restricted latency requirement. Some discussions on UL multi-panel and multi-TRP have been discussed in the MIMO section, including different propagation delay, power control and SRS grouping. An issue of this scheme is limited power budget at UE in the UL transmission. Different DMRS sequence design for different RVs can be utilized for ease of HARQ combination at the network side. 
· Joint TRP reception over multiple resources
For multiple resource configurations in uplink grant-free transmission, different resource could be configured by different TRP. Beam direction could target on a specific TRP using preconfigure uplink grant-free resource. In this case, URLLC UE can perform beam switching over different configured resource and each TRP only need to monitor the appearance of DMRS on configured resource. Coordinated resource configuration among multiple-TRPs can prevent high density resource deployment at a single TRP. TRPs can interleave their individual resource each other using higher periodicity, and then jointly operate over these resources to come out with an overall low periodicity resource to meet low latency constraint of uplink traffic. URLLC UE can rely on their traffic need to autonomously select proper number of resource combination, each corresponding to a TRP. The resource usage therefore more efficient at each TRP. On the other hand, TRPs can relax their resource utilization and hence processing time necessary to complete reliable reception after joint processing.            
Proposal 1: In addition to UE identification and channel estimation, DMRS can be received by TRP(s) to trigger coordinated UL data reception.
2.3 Pre-emption based on DMRS reception 
In some situations, pre-emption for URLLC UEs is necessary due to heavy congestion with eMBB UEs or rarely occurred but extremely important event happens unexpectedly. In this case, DMRS can work as a pre-emption notification send by URLLC UE while its uplink traffic arrives. Once this notification is received by serving TRP, the originally planned DL/UL operation for eMBB UEs is suspended. This signal can be either forwarded by serving TRP to neighbour TRPs or directly received at neighbour TRPs to perform eMBB resource pre-emption. For eMBB UE and URLLC UE with different SFI format for TDD case, cross link interference caused by eMBB DL to URLLC UL can also be avoided. In this way, the protection area in the neighbourhood of this URLLC UE is created and the following UL data traffic can be protected. 

After the UL data has been received completely, serving TRP may send a response message on DCI to the URLLC UE for ACK/NACK indication or to inform the re-transmission resource if necessary. With TRP coordination, this response message could also be shared among TRPs for indication of pre-emption relief. Afterward, they can resume their suspended processes during the pre-emption period and then go back to normal operation mode. 
Proposal 2: DMRS can work as a pre-emption signal to create pre-emption area and also the pre-emption period for UL data protection.

During the pre-emption period, any eMBB UE DL/UL transmissions are blocked by URLLC UE. To compensate the traffic loss, as long as the pre-emption signal being detected, TRPs need to keep record of the transmissions which have been blocked, and rescheduling these eMBB UE by as soon as possible. 
3.
Conclusion
In summary, coordinated reception among multiple TRPs based on DMRS measurement and detection is proposed with the following proposals 
Proposal 1: In addition to UE identification and channel estimation, DMRS can be received by TRP(s) to trigger coordinated UL data reception. 
Proposal 2: DMRS can act as a pre-emption signal to create pre-emption area and also the pre-emption period for UL data protection.
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