
3GPP TSG RAN WG1 Meeting #95

R1-1812327
Spokane, USA, November 12th – 16th, 2018
Source:
vivo
Title:
Consideration on multi TRP transmission for URLLC
Agenda Item:
7.2.8.6
Document for:
Discussion
1. Introduction

Following objectives on multi-TRP transmission are included in the WID [1]:
· 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
And, following high level agreements were made in RAN1#94bis.

Agreement

For eMBB multi-TRP/panel transmission down-select among the following in RAN1#95:

· Alt0: Support only single PDCCH design

· FFS: Whether multiple PDCCH design is also needed 

· Alt1: Support only multiple PDCCH design

· FFS: Whether single PDCCH design is also needed 

· Alt2: Support both multiple PDCCH and single PDCCH design

· FFS: PDCCH design for URLLC

Aspects to be considered in the down-selection: backhaul latency, downlink control overhead, specification impact (including RAN2 specs), UE complexity (related to power control, timing adjustment, and blind detection), DCI/UCI design, scheduler flexibility, intra-UE PUCCH/PUSCH transmission, Rel-15 PDCCH blockage probability, CSI feedback, etc.

In this contribution, we discuss multi TRP transmission for URLLC, this contribution is revision of [2].
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.
In RAN1#94bis, few alternative schemes for eMBB are short listed with target of down selection in RAN1#95, however PDCCH design for URLLC is FFS. The overall multi-TRP transmission scheme is heavily reliant on how PDCCH is transmitted/designed. There are in general 2 design schemes for PDCCH: single PDCCH based design and multi PDCCH based design.
Single PDCCH based scheme:

In single PDSCH based 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 or multiple PDSCHs are scheduled by one DCI and transmitted from multiple TRPs respectively. It is assumed that this scheme is applicable in the case of ideal backhaul. The channel condition at multiple TRPs may be significantly different thus how to report CSI should be further studied. And, optimal resource allocation from multiple TRPs maybe also vary thus a new DCI with larger payload may be required. In figure 1, an example of 2 TRPs transmission scenario is depicted, PDCCH is transmitted from TRP1 and 2 layers of single PDSCH are transmitted from TRP1 and TRP2 in figure (a), whereas 2 separate PDSCHs are scheduled by 1 PDCCH in figure (b). In the case of 2 PDSCH scheduled by 1 PDCCH both PDSCHs maybe carrying same TB.  Reliability for PDSCH is somewhat is enhancement in this scheme however reliability of PDCCH is still in question. For ideal backhaul deployment, single PDCCH maybe dynamically transmitted from either TRP1 or TRP2 for spatial diversity gain. This is then equivalent to DPS (dynamic point selection) technique in LTE. For single PDCCH based scheme, the baseline scheme for comparison should be DPS scheme.
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(a)                                                                                      (b)
Figure1, single PDCCH based multi TRP scheme
Multi PDCCH based scheme 
In multi PDCCH based scheme multiple PDCCHs scheduling multiple PDSCHs are transmitted from multiple TRPs, for example as shown in figure 2, TRP1 and TRP1 independently transmits PDCCH1 and PDCCH2 to the same UE where PDCCH1 schedules PDSCH1 and PDCCH2 schedules PDSCH2. This scheme is suitable for both ideal and non-ideal backhaul scenarios, which provides robustness for both PDCCH and PDSCH. Since each TRP transmits PDCCH and independently schedules corresponding PDSCH, resource allocation can be coordinated or uncoordinated, however multiple PDSCHs maybe carrying same transport block (TB). One drawback of this scheme is PDCCH overhead, however for URLLC application reliability is more important than efficiency.

Figure 2, multi PDCCH based scheme
Figure 3 depicts an example of 2 TRPs transmission in the case of FR2. 

Figure 3, 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 3, 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. 
Observation1: multi PDCCH based multi-TRP transmission (multiple PDCCH, multiple PDSCH) provides robustness to PDCCH and PDSCH for URLLC in FR2.
Observation2: multi PDCCH based multi-TRP transmission (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.
Proposal: multi PDCCH based multi-TRP transmission scheme is supported in Rel-16.
3. Conclusion

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

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

Observation2: multi PDCCH based multi-TRP transmission (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.

Proposal: multi PDCCH based multi-TRP transmission scheme is supported in Rel-16.
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