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1. Introduction

At RAN#87, an agreement was made to have an e-mail discussion on potential solutions for eMBB and URLLC multiplexing [1].  In this contribution we set forth our views on this topic in light of the requirements for 5G [2].
2. Latency Requirements for eMBB and URLLC
The relevant passage from [2], from section 7.5, is:

	The time it takes to successfully deliver an application layer packet/message from the radio protocol layer 2/3 SDU ingress point to the radio protocol layer 2/3 SDU egress point via the radio interface in both uplink and downlink directions, where neither device nor Base Station reception is restricted by DRX.

For URLLC the target for user plane latency should be 0.5ms for UL, and 0.5ms for DL. Furthermore, if possible, the latency should also be low enough to support the use of the next generation access technologies as a wireless transport technology that can be used within the next generation access architecture.

NOTE1:
The reliability KPI also provides a latency value with an associated reliability requirement. The value above should be considered an average value and does not have an associated high reliability requirement.

For eMBB, the target for user plane latency should be 4ms for UL, and 4ms for DL.

NOTE2:
For eMBB value, the evaluation needs to consider all typical delays associated with the transfer of the data packets in an efficient way (e.g. applicable procedural delay when resources are not preallocated, averaged HARQ retransmission delay, impacts of network architecture).


3. Implementation Requirements
In addition to the latency requirements above, [2] says
	3GPP shall support ultra-low cost network infrastructures, ultra-low cost devices, and ultra-low cost operation and maintenance to enable economically viable deployments for the Provision of minimal services (Data and Voice) for very low-ARPU areas


URLLC traffic may be considered for use in critical communications, such as what is used now to support Wireless Emergency Alerts (WEA) [3], which have been deployed in the US in suburban and rural areas by at least one carrier.  Thus, at least in the United States, it may be expected that "minimal services" for "very low-ARPU areas" may include data that supports WEA. 
We can thus observe:
Observation 1: Devices delivering services exploiting the benefits of URLLC can include low cost devices, and therefore approaches to URLCC multiplexing with eMBB should not be cost/complexity prohibitive.

4. Observations on Approaches to achieving.
In the e-mail discussion, several possible solutions were mentioned, with varying degrees of specificity.  We consider potential issues that may arise based on the requirements mentioned in sections 2 and 3. 
Table 1 Comparison of Approaches Mentioned in E-mail Discussion

	Approach
	Sub-category of Approaches
	Latency Requirements
	Complexity and Other Requirements

	Indication of Preemption
	Puncturing, no outer code
	Most reliable type of detection can be achieved relative other approaches. However, without an outer code there may be a loss link budget for eMBB and/or increased delay for eMBB TBs.
	Although this is perhaps the simplest solution from a complexity standpoint, increased delay/retransmissions may impact overall spectral efficiency.

	
	Puncturing, outer code
	Most reliable type of detection can be achieved relative other approaches
	Although there is additional complexity required to support the outer code decoding process, this can be relatively minor compared to scheduling and buffer management issues implied with other approaches.

	
	Postponement
	Most reliable type of detection can be achieved relative other approaches. 
	However, regarding complexity, postponement implies that additional complexity must be applied to the transmit buffer, and may preclude ultra low cost devices from supporting services such as WEA.

	
	Blind detection
	If reliable detection can be achieved, this may meet latency requirements, but reliable detection may be hampered if advanced receivers are not used.
	If advanced receivers are required, though this means increased cost/complexity relative to other approaches.

	No Indication of Preemption
	Blind detection
	If reliable detection can be achieved, this may meet latency requirements, but reliable detection may be hampered if advanced receivers are not used.
	However, using advanced receivers means increased cost/complexity relative to other approaches

	Superposition
	Blind detection
	If reliable detection can be achieved, this may meet latency requirements, but reliable detection may be hampered if advanced receivers are not used or if there are power control related issues that must be addressed.
	May require advanced receiver, which may hamper the ability to realize URLLC services, e.g., to meet WEA requirements

	Scheduling
	Postponement
	In principle, theoretically latency requirements could be met.  
	However, regarding complexity in effect would require all eMBB scheduling to be achieved with the granularity of URLLC transmission, which would likely mean that it would not 


This leads to Proposal 1:

Proposal 1: Approaches to URLLC multiplexing with eMBB should take considerations as in Table 1 into account in specifying approaches to URLLC/eMBB multiplexing.
5. Conclusion
As the reader may have surmised by now, here are our conclusions:
Observation 1: Devices delivering services exploiting the benefits of URLLC can include low cost devices, and therefore approaches to URLCC multiplexing with eMBB should not be cost/complexity prohibitive.

Proposal 1: Approaches to URLLC multiplexing with eMBB should take considerations as in Table 1 into account in specifying approaches to URLLC/eMBB multiplexing.
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