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1 Introduction

Although the PUSCH repetitions for UL SPS operation were discussed at the last meeting, no formal agreement was made beyond the agreements on RAN1#92:
	Agreement from RAN1#92:

· 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

· 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

Conclusion from RAN1#92bis:

· Any further discussion on UL SPS should focus on the following options:

· Option 1: K repetitions, less or equal to the SPS periodicity P. Transmission starts at the beginning of the P windows. RV sequence is configurable.

· Option 2: P=1, K repetitions are guaranteed and can start at any point. 

· Option 3: P configurable, UE can start at any point within P, but K transmission configured but Tx stops at P boundary (i.e. K tx are not guaranteed).


In this contribution PUSCH repetition enhancements for UL SPS in application to LTE HRLLC are discussed. The aspects of PDSCH repetitions are discussed in [1].
2 Discussion
First, the summarized last time options for UL SPS repetitions in application to HRLLC are discussed below to identify the suitable option. 
Option 1: The number of repetitions is less or equal to the SPS periodicity. Transmission starts at the beginning of the SPS window
· This option provides a tradeoff between latency and link budget / reliability since the lower the latency, the shorter the transmission duration could be assigned to the UE. In the same time, all the procedures at UE and eNB may be reused with minimum extension.
Option 2: SPS periodicity is 1 TTI, the number of repetitions is guaranteed and can start at any TTI
· This option is the most attractive in terms of potentially achieved reliability under given latency constraints. However, it may impose substantial efforts from eNB to detect and process UE’s transmission. Such an option requires eNB to perform blind decoding and/or UE detection by DM-RS. One can argue that eNB may always do DM-RS detection first, however in order to achieve the ultra-reliability, the false alarm threshold may need to be set too high so that effectively eNB may need to perform blind decoding every TTI in a window of size equal to the number of repetitions. The cost of missed UL transmission by eNB in this case may be too high because of associated HARQ process ID ambiguity which may arise with such a flexible starting position.
Option 3: SPS periodicity is configurable, a UE can start at any TTI within the configured number of repetitions and transmit the remaining retransmissions
· Although this approach was adopted for NR, it has the same latency-reliability tradeoff as Option 1 since the reliability is always bounded by single-shot performance if a UE can start at any TTI. However, this option is more general than Option 1 especially if configurability of RV sequence is available similar to NR. In terms of specification effort, this option may be supported by migrating the NR functionality of MAC modeling to the LTE specs.
It is further noted that Option 3 does not provide any benefit comparing to Option 1 for URLLC use cases but has substantially larger spec impact. The Option 2 provides the desirable intended performance under strict assumption on eNB implementation and with non-negligible spec impact. Overall, considering the remaining standardization time and the fact that the repetitions for UL case are the second priority according to RANP decision, it is proposed to either consider the simplest solution or to not pursue any enhancements within Rel.15. The option 1 then may be enabled by configuring a repetition level for sPUSCH and reusing the procedures defined for all other UL SPS regimes considered in LTE.
Observation

· Considering the remaining time for WI completion and RANP guidance, it is desirable to either consider the simplest option of enabling sPUSCH repetitions in SPS analogous to other SPS regimes in LTE or to not pursue any enhancements in Rel.15
3 Conclusions

In this contribution, we discussed enhancements to PUSCH repetitions targeting LTE HRLLC use cases. Based on the analysis the following is observed:
Observation

· Considering the remaining time for WI completion and RANP guidance, it is desirable to either consider the simplest option of enabling sPUSCH repetitions in SPS analogous to other SPS regimes in LTE or to not pursue any enhancements in Rel.15
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