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1 Introduction

In RAN1#92 meeting, the following agreements regarding UL SPS enhancements for LTE URLLC have been achieved [1].

Agreements:
For LTE URLLC operation, at least an UL SPS repetition configuration is supported where a UE can start the initial transmission of a TB at any (s)TTI
Agreement:
RAN1 should strive to design a UL SPS repetition scheme where the number of repetitions K is guaranteed under certain conditions related to collision with e.g. new data arrival or scheduled PUSCH. The so far identified issues to solve are:

· Ambiguity of HARQ process between eNB and UE and reception performance because eNB may not know if the received transmission is the first transmission of a new TB or a repetition of a previous TB

· Phase continuity when transmitting SRS or when crossing the subframe boundary
Agreement: 

Study PUSCH repetition (on TTI level) as one key UL SPS enhancement for URLLC and study further how to realize it. The studies should at least include indication of the repetition factor in the activation DCI, higher layer configuration of the repetition factor and combining PUSCH repetition with TTI level FH.

In RAN #79 meeting, it was agreed to support enhanced reliability focusing on 1ms latency bound in Rel-15 [2], and repetition enhancements for UL SPS operation (RAN1 led) was listed with second priority
· Finalise details of RAN1 & RAN2 agreements to support UL SPS repetition configuration (both sTTI and TTI)
This contribution provides the analysis on the necessity to specify UL SPS with repetition for Rel-15 URLLC, for the purpose of clarification and reference. The triggering of RAN plenary discussion on URLLC scope was the limited remaining time in Rel-15. With the RAN plenary agreement in [2], RAN WGs should not spend time debating on whether to work on some scope, but should try to complete the work according to the timeline. 
2 Necessity to support UL SPS repetition in Rel-15

If UL SPS with repetition is not supported in Rel-15, one-shot sPUSCH will be relied on to meet the reliability requirement of 10-5  BLER for URLLC. As mentioned in [3], a 32 B with subslot transmission using MCS-1 can fulfil the BLER target at the requirement SINR with no repetition and without PDCP duplication. However, this will consume large amount of resources, i.e., 84 RBs needs to be allocated to one UE assuming 2-symbol sTTI transmission with 1 data symbol. 
Observation 1: a 32 B with subslot transmission using MCS-1 with no repetition and without PDCP duplication consumes 84RBs to meet the URLLC requirement assuming 2-symbol sTTI with 1 data symbol.

Since there are only 16 RBs left for legacy or non-URLLC UEs to perform PUSCH transmission for the case of 20MHz bandwidth, one-shot sPUSCH operation will degrade the efficient multiplexing between URLLC UEs and legacy or non-URLLC UEs. In addition, since the URLLC traffic is sporadic and delay-sensitive, one option to support UL URLLC is always to reserve some frequency bandwidth for URLLC traffic. This kind of reservation would deteriorate further the UL performance of legacy or non-URLLC UEs. 
Observation 2: one-shot sPUSCH to meet the LTE URLLC requirement will deteriorate the UL performance of legacy or non-URLLC UEs due to large amount of reserved resources for URLLC UEs.
Conversely, sPUSCH repetition can also satisfy the LTE URLLC requirement. In theory, the resources allocated to URLLC UE in one subslot would decrease proportionally with the increase of repetition number if sPUSCH repetition is configured. It is also verified by the simulation result for sPUSCH with two repetitions as depicted in Figure 1, where 40RBs are assumed to be allocated to URLLC UE. Other assumption can be found in Appendix. 
According to the result in Figure 1, it can be observed that sPUSCH with two repetition for each of which 40RBs are utilized can also satisfy the reliability requirement of 10-5 at SINR of 2dB and the BLER will be lower than 10-5 at the target SINR (Q-value) of 2.5dB. Furthermore, according to the discussion in [4], the latency for sPUSCH transmission with two repetitions is 0.83ms. Consequently, sPUSCH with two repetitions where only 40RBs are consumed within each subslot can also fulfil the requirement of 1ms with 10-5 BLER. 
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Figure 1. sPUSCH performance with two repetitions 
Observation 3: sPUSCH with two repetitions can satisfy the requirement of (10-5, 1ms, 32 bytes), where only 40RBs needs to be allocated to URLLC UE within one subslot. 

According to the above analysis, as a result of less resources allocated to one subslot when repetition is configured, the better performance of resource sharing with legacy or non-URLLC UEs can be envisioned. As specified in the LTE URLLC WID [5], efficient resource sharing with legacy or non-URLLC UEs should also be considered when identifying solutions to meet LTE URLLC requirement. 
From the overall analysis above, it is deemed necessary to specify UL SPS repetition in Rel-15 in order to support URLLC.
Observation 4: It is necessary to specify UL SPS with repetition in Rel-15 in order to support URLLC. 
3 Conclusion

In this contribution, the necessity of specifying UL SPS with repetition in Rel-15 to support URLLC is analyzed, which leads to the following observations and proposals.
Observation 1: a 32 B with subslot transmission using MCS-1 with no repetition and without PDCP duplication consumes 84RBs to meet the URLLC requirement assuming 2-symbol sTTI with 1 data symbol.

Observation 2: one-shot sPUSCH to meet the LTE URLLC requirement will deteriorate the UL performance of legacy or non-URLLC UEs due to large amount of reserved resources for URLLC UEs.
Observation 3: sPUSCH with two repetitions can satisfy the requirement of (10-5, 1ms, 32 bytes), where only 40RBs needs to be allocated to URLLC UE within one subslot. 

Observation 4: It is necessary to specify UL SPS with repetition in Rel-15 in order to support URLLC. 
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Appendix
Table A1. Simulation assumption for sPUSCH repetition
	Parameters
	Values

	Carrier frequency
	700 MHz

	Bandwidth
	20 MHz (100 RB)

	Channel
	TDL-C 363ns, 30km/h

	Allocated bandwidth
	84 PRBs for one-shot, 40 PRBs for repetition

	Transmission mode
	1TX, 2RX

	Channel estimation
	Practical

	Link adaptation
	Disabled

	Receiver type
	MMSE

	Transmissions
	1 (No HARQ)


