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1. Introduction

Regarding URLLC transmission, at RAN1#86 the following agreement was reached [1]:
	Agreements:
· At least the following potential options should be considered

· At least for shorter transmission UL, semi-static resource sharing between URLLC and eMBB

· FDM and/or TDM manner

· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Dynamic resource sharing between URLLC and eMBB

· For DL, mechanisms to schedule a transmission where the resources of it can overlap with resources of ongoing/scheduled longer transmission at least from network perspective

· FFS: A similar or same mechanism applicability to UL

· Preemption or superposition

· Other schemes are not precluded 

· Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission

· UL grant-free transmission for URLLC

· Other schemes are not precluded

· Other mechanisms are not precluded


Prior agreements implies that URLLC and eMBB can be multiplexed contemporaneously. In this contribution we provide our views on channel coding scheme for eMBB considering the coexistence with URLLC service. 
2. Analysis of Agreement Reached in RAN1 #86
In this section we will consider some of the options mentioned in the above agreement. Table 1 and Table 2 consider the agreement above, the variations on the agreement, and compare advantages and disadvantages of each approach.
Table 1 Analysis of Agreement for Downlink
	Downlink Transmission

	Approach
	Variations
	Advantages
	Disadvantages


	Assessment

	Dynamic resource sharing between URLLC and eMBB, where URLLC and eMBB resources overlap from NW perspective


	Pre-emption
	· If identifiable, allows for eMBB receiver to recognize URLCC transmission as an erasure, with enhanced performance relative to Superposition.

· Most flexible use of time/frequency/spatial resources.
	· Specifications must be written to account for UE behaviour for receiving eMBB signal pre-empted by URLLC signal
	· Although this has potentially a larger specification impact relative to other approaches, this approach has greatest flexibility of use of time/ frequency/spatial resources

· Greatest likelihood to meet both URLLC latency requirements and throughput requirements. 

	
	Superposition
	· Relatively simple implementation

· Flexible use of time/frequency/spatial resources
	· Performance degradation due to interference: Relatively large performance degradation relative to pre-emption based on results presented in R1-167617 [2].
	· In terms of performance, this approach is markedly inferior to a pre-emption approach.

	
	Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission
	· Little specification impact, other than specifying (re)configuration of different transmission regions or sub-bands.


	· Potential for inefficient use of time/frequency/ spatial resources.

· May imply a large increase in complexity for scheduler

· May jeopardize URLLC latency requirements.

· If different subbands are used, then approach really isn't dynamic resource sharing if the subbands are configured; if they are dynamically assigned this means more overhead signalling. 
	· Although this approach may have least specification impact (which is not clear), in order to meet any kind of scheduling flexibility, overhead signalling will be increased.

· On the other hand, if sub-bands are configured, the lack of scheduling flexibility is a threat to meeting NR KPIs, or scheduling may not be possible for URLLC.


Table 2 Analysis of Agreement for Uplink

	Uplink Transmission

	Approach


	Variations
	Advantages
	Disadvantages


	Assessment

	Semi-static resource sharing

FDM/TDM


	Grant-free transmission for URLLC
	· Relatively small impact on specifications.


	· Resources may not be optimally utilized 
	While this may be part of a solution for contemporaneous URLLC and eMBB transmission, it is potentially wasteful of resources.

	Dynamic resource sharing between URLLC and eMBB
	UL grant-free transmission for URLLC
	· Relatively small impact on specifications, though greater than Semi-static resource sharing.

· If URLLC is scheduled, this may have consequences for latency.
	· Resources may not be optimally utilized; mechanisms must be developed to specify behaviour re: power control, etc.
	UL grant-free transmission alone with dynamic resource  sharing may under certain assumptions meet requirements, however, link and system simulations need to be determined to 

	
	Scheduling based approaches (e.g., by adapting transmission duration or by using different subbands) to allow multiplexing of different durations of transmission
	· If it is like Grant-free transmission for URLLC above, relatively small impact on specifications.
	· If sub-bands are not configured this has potential performance and specification impact.

· If different subbands are used, then approach really isn't dynamic resource sharing if the subbands are configured; if they are dynamically assigned this means more overhead signalling.

· May jeopardize URLLC latency requirements if collisions happen.
	· Although this approach may have least specification impact (which is not clear if the resource sharing is dynamic), in order to meet any kind of scheduling flexibility, overhead signalling will be increased.

· On the other hand, if sub-bands are configured, the lack of scheduling flexibility is a threat to meeting NR KPIs, or scheduling may not be possible for URLLC.

	
	Superposition 
	· Relatively small impact on specifications, if different subbands are used or if different UEs are doing eMBB and URLLC.


	· At least new power control procedures should be specified, perhaps even if different subbands used.
	· Implications of throughput need to be studied for the various approaches.


From the above table, it is clear that for future studies the following should be adopted by RAN1:
Proposal 1:
RAN1 should evaluate the alternatives above (other options are not precluded) considering overhead, complexity, specification impact, and KPIs via link/system level simulations.
To model and evaluate the bursty URLLC impact on system performance particularly considering eMBB, four different cases should be taken into account:
1. No interference, puncturing, or erasure: It is assumed that resources are available for a given URLLC transmission which does not share time/frequency/spatial resources with an EMBB transmission

2. Puncturing model

URLLC and eMBB services are from the same eNB (or the same UE if uplink), then URLLC TB can just replace some parts of the eMBB TB. The eMBB receiver decodes as usual and derives LLRs by assuming there is no URLLC service.

3. Additive interference model

URLLC comes from the neighbor cell (or another UE if uplink), then URLLC service is treated as additive noise to eMBB service. The eMBB receiver decodes as usual and derives LLRs by assuming there is no URLLC service.
4. Erasure model

No matter whether eMBB service is punctured or interfered by bursty URLLC, eMBB receiver may know the position of the bursty URLLC and decodes by using 0 LLRs to replace the URLLC part.

Therefore we have:
Proposal 2:
In considering the alternatives for contemporaneous transmission of URLLC and EMBB services, the four alternative models above should be considered.
3. Conclusion
Proposal 1:

RAN1 should evaluate the alternatives above (other options are not precluded) considering overhead, complexity, specification impact, and KPIs via link/system level simulations.
Proposal 2:
In considering the alternatives for contemporaneous transmission of URLLC and EMBB services, the four alternative models above should be considered.
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