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1. Introduction

Following objectives are agreed in the agreed WID [1]:
· Extend specification support in the following areas [RAN1]

· Enhancements on MU-MIMO support:
· Specify overhead reduction, based on Type II CSI feedback, taking into account the tradeoff between performance and overhead 
· Perform study and, if needed, specify extension of Type II CSI feedback to rank >2  
· Enhancements on multi-TRP/panel transmission including improved reliability and robustness with both ideal and non-ideal backhaul:

· Specify downlink control signalling enhancement(s) for efficient support of non-coherent joint transmission

· Perform study and, if needed, specify enhancements on uplink control signalling and/or reference signal(s) for non-coherent joint transmission
· Multi-TRP techniques for URLLC requirements are included in this WI
· Enhancements on multi-beam operation, primarily targeting FR2 operation:

· Perform study and, if needed, specify enhancement(s) on UL and/or DL transmit beam selection specified in Rel-15 to reduce latency and overhead 
· Specify UL transmit beam selection for multi-panel operation that facilitates panel-specific beam selection
· Specify a beam failure recovery for SCell based on the beam failure recovery specified in Rel-15
· Specify measurement and reporting of either L1-RSRQ or L1-SINR
· Perform study and make conclusion in the first RAN1 meeting after start of the WI, and if needed, specify CSI-RS and DMRS (both downlink and uplink) enhancement for PAPR reduction for one or multiple layers (no change on RE mapping specified in Rel-15)
· Specify enhancement to allow full power transmission in case of uplink transmission with multiple power amplifiers (assume no change on UE power class)
· Specify higher layer support of enhancements listed above [RAN2]

· Specify core requirements associated with the items specified by RAN1 [RAN4]

In this contribution, we discuss multi TRP transmission for URLLC.
2. Discussion
In the revised WID [1], multi-TRP techniques for URLLC is included, the main motivation is improved reliability and robustness. Some of the aspects of multi-TRP transmission were discussed in Rel-15, where the main motivation is to enhance throughput, however it was not specified. In the design of improved reliability and robustness for URLLC through multi-TRP technique it should be kept in mind that the delay requirement is also met and the main goal is not about spectral efficiency enhancement. In terms of deployment scenarios, multi-TRP techniques shall not only be considered for FR1, but deployment scenarios in FR2 should also be equally prioritized.
Generally multi-TRP transmission schemes can be categorized as follows:

1) Single PDCCH, single PDSCH: in this scheme PDCCH (for PDSCH scheduling) is transmitted from one out of multiple TRPs however the PDSCH is transmitted from multiple TRPs, different layers of one PDSCH are mapped to different TRPs.
2) Single PDCCH, multiple PDSCH: in this scheme PDCCH (for PDSCH scheduling) is transmitted from one out of multiple TRPs, and one PDCCH schedules multiple PDSCHs, each TRP transmitting own PDSCH, however multiple PDSCHs are carrying same transport block (TB). 
3) Multiple PDCCH, single PDSCH: in this scheme each TRP transmits PDCCH (for PDSCH scheduling) however a single PDSCH is scheduled, different layers of one PDSCH are mapped to different TRPs.
4) Multiple PDCCH, multiple PDSCH: in this scheme each TRP transmits PDCCH and independently schedules corresponding PDSCH, however multiple PDSCHs are carrying same transport block (TB). 
Different schemes have different impacts on Rel-15 NR specifications, different level complexities, different requirements on backhaul and robustness. 
For simplicity of discussion, let’s consider 2 TRPs scenario as shown in figure 1, where an UE is at cell edge and served simultaneously by 2 TRPs. All above schemes can be applied with different degrees of standards effort in the case of FR1. And, backhaul delay (ideal or non-ideal) requirement may also vary depending on the specific technique. Different schemes provide different level of reliability for PDCCH and PDSCH.
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Figure 1, NC-JT transmission in FR1
Figure 2 shows an example of 2 TRP transmission in the case of FR2. 

Figure 2, multi TRP transmission in FR2
Multi-TRP transmission for URLLC in FR2 is especially important for improved reliability and robustness, since a radio wave (mmWave) can easily be blocked by objects such as trees, cars and even human body. In the figure 2, TRP1 and TRP2 transmit with narrow beams in non-coherent joint transmission fashion to the UE, transmission path or beam from TRP2 to the UE is blocked by a tree, but there is not obstacle between TRP1 and the UE. In real deployment, the blockage of beam can be dynamic. It is very straight forward to understand that for URLLC deployment in FR2, multi-TRP transmission improves reliability and robustness.  Now, let’s analyze different multi-TRP transmission schemes in FR2 deployment. In scheme 1 (single PDCCH, single PDSCH), where PDCCH is transmitted from one TRP and same or different layer(s) of data from multiple TRPs, in this case the PDCCH may be blocked and/or part of PDSCH transmission from one or more TRPs may be blocked which doesn’t improve reliability and robustness. In scheme 2 (single PDCCH, multiple PDSCH), in this case similar to scheme 1, PDCCH may be blocked however PDSCH has better robustness than scheme 1. In scheme 3 (multiple PDCCH, single PDSCH), in this case PDCCH has better reliability however PDSCH may be blocked. In scheme 4 (multiple PDCCH, multiple PDSCH), in this case PDCCH and PDSCH both have better reliability, as shown in figure 2 where TRP2 is blocked but TRP1 is not blocked. In the case where both TRPs are not blocked and the UE receives the same PDSCH (or same TB) from both TRPs, which is similar to the case with FR1 with multiple PDSCH transmission.
Observation1: multi-TRP transmission scheme4 (multiple PDCCH, multiple PDSCH) provides robustness to PDCCH and PDSCH for URLLC in FR2.
Observation2: multi-TRP transmission scheme4 (multiple PDCCH, multiple PDSCH) is also beneficial for improving reliability and robustness for URLLC in FR1, where reliability is important than spectral efficiency and has benefit of a common design with FR2.
3. Conclusion

In this contribution we discussed multi TRP transmission techniques for URLCC in FR1 and FR2 scenarios, we have following observations:

Observation1: multi-TRP transmission scheme4 (multiple PDCCH, multiple PDSCH) provides robustness to PDCCH and PDSCH for URLLC in FR2.

Observation2: multi-TRP transmission scheme4 (multiple PDCCH, multiple PDSCH) is also beneficial for improving reliability and robustness for URLLC in FR1, where reliability is important than spectral efficiency and has benefit of a common design with FR2.
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