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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1 #89 meeting, the following was agreed
· Adopt the following for NR reception:
· [bookmark: _GoBack]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
and
· 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

In RAN1 #88bis meeting, the following was agreed
· Both synchronous and asynchronous dual connectivity are supported for LTE-NR/NR-NR DC

In TR 38.913, the following is specified for URLLC reliability
· A general URLLC reliability requirement for one transmission of a packet is 1-10-5 for 32 bytes with a user plane latency of 1ms.

This contribution focuses on how transmissions from multiple TRPs can be performed to enhance reliability of URLLC. 
[bookmark: _Ref129681832]Discussion on reliability support by multi-TRP communication
Further to ensuring low latency for URLLC, which has been the focus so far in RAN1 meetings for URLLC support, standardization would also need to ensure that the reliability requirement is met for URLLC services and from RAN1 Ad hoc meeting in Qingdao, these aspects would be addressed. Single PDCCH scheduling different layers of a transmission from multiple TRPs or independent PDCCHs scheduling different streams from multiple TRPs has been agreed with a focus on providing high data rate and/or diversity. For URLLC, multi-TRP communication can be one of the potential enablers of high reliability of URLLC services. Subject to backhaul constraints, multiple TRPs can share data and/or control transmission to URLLC UEs. Below, we provide some overview on how cooperation and/or transmission from multiple TRPs can enhance URLLC reliability.
Transmission sharing among TRPs
As agreed in RAN1, NR supports downlink transmission of same NR-PDSCH data stream(s) from multiple TRPs at least with ideal backhaul, and different NR-PDSCH data streams from multiple TRPs with both ideal and non-ideal backhaul. 
If ideal backhaul is available, centralized scheduling can enable joint data transmission from multiple TRPs. UE can receive PDCCH from P-TRP and receive one stream from P-TRP and either same or modified version of the stream from other TRP. Examples include multiple TRPs engage in joint transmission schemes. Here, different versions of same data are received jointly and UE can combine them in PHY layer. 
Furthermore, single PDCCH may schedule URLLC transmission with repetitions where part of the repetitions can be transmitted from P-TRP and remaining repetitions can be transmitted from S-TRP. Alternatively, P-TRP may schedule initial and some re-transmissions, whereas S-TRP schedules some re-transmissions. The coordination among the TRPs regarding splitting transmission can be semi-static or dynamic. In Fig. 1(a), it is assumed that central scheduler performs RLC packet segmentation and provides each TRPs with the data and scheduling information. In Fig. 1(b), it is assumed that scheduling and RLC packet segmentation take place at P-TRP, and P-TRP shares data with scheduling information to S-TRP, which may then initiate some re-transmissions/repetitions. As URLLC packet size can be small and arrival can be sporadic, loading on inter-TRP backhaul can be low at least for URLLC traffic exchange and if latency allows for such communication, S-TRP can resume transmission. Furthermore, upon receiving the scheduling information, S-TRP can independently schedule the (re)-transmission. Hence, UE can be configured to receive multiple PDCCHs from multiple TRPs in a given monitoring occasion. Multiple TRPs can send PDCCHs that schedule same packet. UE can be configured to combine the transmissions and send HARQ feedback to P-TRP or S-TRP or both. For example, in one instance, UE may receive PDCCHs from P-TRP and S-TRP where both schedule a re-transmission. In some occasions, UE may miss PDCCH of initial transmission from P-TRP and repetition from S-TRP may provide enhanced PDCCH and/or PDSCH reliability.
              [image: ]
Figure 1: Multiple TRPs can share or alternate repetitions/re-transmissions of a packet. Ri indicate repetition or re-transmission index.
Observation 1: Multiple TRPs may schedule same data or part of same data to enhance PDSCH reliability. 
Observation 2: PDCCH repetition can be initiated by S-TRP after receiving scheduling information from P-TRP.
Reliability by dual connectivity
URLLC UEs at the cell-edge and/or going through hand over procedure may benefit from multiple simultaneous active links which may schedule same data. For a period of time, UE may receive transmissions from multiple TRPs/links, either belonging to same or different cells. If ideal backhaul is present, S-TRP may duplicate same transmission which can enhance PDSCH reliability and UE can combine the transmission at PHY layer. For non-ideal backhaul, two TRPs may schedule data duplication independently; however PHY layer combining would not be possible if RLC packet segmentation is different at the TRPs. At the PDCP layer, duplicate transmission can be identified. Note that RAN2 has already agreed packet duplication for user plane and control plane in NR-PDCP.  
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	Figure 2: Data duplication during handover or for a cell edge URLLC UE.
Observation 3: Activating multiple links for packet duplication during handover can enhance reliability.
Multi-cell Pre-emption 
It may be possible in some cases that URLLC UE is located at the edge of the cell and may receive interference from other cells. To mitigate interference and enhance reliability, the serving cell can notify other neighboring cell of impending URLLC traffic arrival via backhaul. Depending on latency tolerance, this may require delaying URLLC transmission by a mini-slot to take the time to send pre-emption information over backhaul. Both cells puncture the time-frequency area when URLLC traffic is scheduled by the serving cell. On the other hand, for ideal backhaul and if neighbor cell have scheduling information available, delaying URLLC transmission would not be necessary; transmission from serving cell and joint pre-emption from two cells can be achieved.
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Figure 3: Neighbor cell can pre-empt a transmission to mitigate interference to cell-edge URLLC UE in serving cell.
Observation 4: Pre-emption of eMBB resources can be observed not only when URLLC transmission is scheduled in overlapping resources but also to control interference to URLLC UEs of neighbour cell.
Proposal: NR considers different coordinated or independent scheduling options by multiple TRPs to enhance PDCCH and/or PDSCH reliability of URLLC services.  
Conclusion
We have the following observations and proposal:
Observation 1: Multiple TRPs may schedule same data or part of same data to enhance PDSCH reliability. 
Observation 2: PDCCH repetition can be initiated by S-TRP after receiving scheduling information from P-TRP.
Observation 3: Activating multiple links for packet duplication during handover can enhance reliability.
Observation 4: Pre-emption of eMBB resources can be observed not only when URLLC transmission is scheduled in overlapping resources but also to control interference to URLLC UEs of neighbour cell.
Proposal: NR considers different coordinated or independent scheduling options by multiple TRPs to enhance PDCCH and/or PDSCH reliability of URLLC services.  
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