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The objective of the NR WI [1] is to specify the functionalities and identify necessary support in the specifications for eMBB and URLLC. 
Support of ultra-reliable part of URLLC [RAN1, RAN2, RAN4]
-	Identify techniques to meet the URLLC requirements set forth by [2] starting after RAN#76 
-	Conduct corresponding URLLC specific normative work after RAN#78 for the selected techniques
At RAN #78, the scope for URLLC work in Rel-15 was endorsed in [2]. In TR 38.913 [3], 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.
Multi-TRP transmission can enhance reliability of transmission significantly. In RAN1 #90 meeting [4], the following was agreed regarding multi-TRP transmission. 
· 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 signaling and PDSCH
· Note: this topic is more suitable for discussion under scheduling/HARQ session
Furthermore, in RAN1 NR # 3 adhoc meeting [5], the following was agreed regarding TB repetition
· For grant-based DL or UL, transmissions where a TB spans multiple slots or mini-slots can be composed of repetitions of the TB
· The repetitions follow an RV sequence 
· FFS how the sequence is defined in specification
· FFS if there is one repetition of the TB per slot in the case of repetitions using mini-slots
· FFS for grant-based DL or UL transmissions, if a TB can span multiple slots without repetitions
[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. 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, such during a slot. 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. 
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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.
Reliability by data duplication
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. 
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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 1: NR considers different coordinated or independent scheduling options by multiple TRPs to enhance PDCCH and/or PDSCH reliability of URLLC services.  
Cooperation in non-ideal backhaul
When backhaul is non-ideal, data and scheduling information cannot reach two TRPs at the same time. The transmission latency from P-TRP to S-TRP via non-ideal backhaul may be longer than 1ms in some cases. For URLLC cooperation, when joint transmission is not feasible within 1ms, another way to enhance the reliability and improve spectrum efficiency for cell-edge UE is ICIC. As is showed in Figure 4, the reliability of cell-edge UE without neighbor cell interference is higher than with neighbor cell interference under the same SNR. However, to improve the reliability of cell-edge UE, semi-static muting pattern of S-TRP configured by RRC signaling needs to be always reserved, which may result in low spectrum efficiency of neighbour cell because URLLC traffic is sporadic and unexpected. In brief, there is a tradeoff between reliability of cell-edge UE and spectrum efficiency of neighbor cell using semi-static muting pattern.
To enhance the reliability of URLLC services for the case of non-ideal backhaul, muting pattern is worthy of further consideration. For the purpose of improving spectrum efficiency of neighbour cell, dynamic muting pattern can be used. However, two TRPs cannot schedule muting pattern dynamically due to the latency of non-ideal backhaul, so it would be possible that UE trigger/terminates muting pattern with feedback. The resource pattern can be reserved when cooperation is triggered and also can be utilized by other eMBB Ues when the cooperation is terminated. In this way, spectrum efficiency both in serving cell and neighbour cell would be improved. Hence, for both ideal and non-ideal backhaul cases, dynamic resource blanking or muting should be considered to improve reliability. 
Proposal 2: NR considers dynamic muting for both ideal and non-ideal backhaul cases to improve reliability of URLLC services.
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Figure 4 Reliability comparison between cell-edge UE with neighbour cell interference and without neighbour cell interference.
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.
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 1: NR considers different coordinated or independent scheduling options by multiple TRPs to enhance PDCCH and/or PDSCH reliability of URLLC services.  
Proposal 2: NR considers dynamic muting for both ideal and non-ideal backhaul cases to improve reliability of URLLC services.
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