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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]. In this contribution, we mainly discuss how to support UL SPS repetition for URLLC in Rel-15. 

2 sPUSCH repetition on top of UL SPS
In the section, the necessary standard efforts on top of UL SPS with UL skipping to support sPUSCH repetition are analyzed as follows, which aims to make the sPUSCH repetition feasible in Rel-15. 

2.1 Repetition number indication
The maximum repetition number supported to fulfil the 1ms latency boundary can be obtained according to the latency for sPUSCH repetition transmission which is analyzed in Table 1, wherein subslot alignment is assumed to be 1*subslot in the worst-case to represent the time latency for aligning the transmission to the next subslot boundary when transmission is right ready after the current subslot boundary. It is observed from Table 1 that the total one way delay is (4+N)*subslot which only allows 2 repetitions at most including initial transmission to meet the 1ms latency bound. 
Table 1. Latency analysis for sPUSCH with repetition

	Step 
	Description 
	Value 

	1
	Transmitter Processing Delay (UE)
	1.5*subslot

	2
	Susblot Alignment
	1*subslot

	3
	Data channel transmission duration
	N*subslot

	4
	Receiver Processing Delay (eNB)
	1.5* TTI

	Total one way delay
	(4+N)*subslot

	Note: N denotes the repetition number


Proposal 1: The maximum repetition number supported for UL SPS is 2 for 1ms latency bound.

As for the repetition number indication, one simple solution is to convey the repetition number in higher layer signaling. 
Proposal 2: The repetition number of UL SPS is conveyed in higher layer signalling. 
2.2 HARQ related aspects for SPS sPUSCH with repetition 
2.2.1 Identification of transmissions corresponding to the same TB
When sPUSCH with repetition is configured, how to identify the transmissions corresponding to the same TB should be considered. Furthermore, since it was agreed that a UE can start the initial transmission of a TB at any (s)TTI, eNB may not know if the received transmission is the first transmission of a new TB or a repetition of a previous TB. One example is depicted in Figure 2 and the wrong combining would occur due to the ambiguity between the initial transmission and repetition if TB1 in sTTI0 is missed. 
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Figure 2. Wrong combining due to ambiguity between the initial transmission and repetition

To overcome the ambiguity issue, different frequency resources allocated to the initial transmission and repetition is one option. However, it will degrade the multiplexing capability with legacy or non-URLLC UEs as two frequency resources need to be reserved assuming 2 repetitions. Different DMRS configurations to distinguish the initial transmission and repetition is an appealing option, especially when the maximum allowable number of repetition is 2, in which case only two DMRS resources per UE is needed wherein one DMRS is for the initial transmission and the other DMRS is for the repetition. 
Proposal 3: UE is configured with different DMRS configurations to distinguish the initial transmission and repetition for UL SPS. 
2.2.2 RV indication
Since the maximum repetition number is 2, at most two values for RV are sufficient. Based on the RV patterns defined in NR, two patterns {0, 0} or {0, 3} can be used for LTE and up to eNB configuration. Similar to NR, the nth transmission occasion among 2 repetitions, n=1, 2, is associated with (mod(n-1,2)+1)th value in the configured RV sequence. 
Given eNB can distinguish the initial transmission and repetition for one TB by DMRS as discussed in section 2.2.1, eNB knows what the RV is for the sPUSCH transmission eNB will decode after detecting the DMRS, so that eNB can perform proper sPUSCH reception.
In addition, considering the target of 1ms latency bound, HARQ feedback is not needed since the latency requirement cannot allow retransmission. 
Proposal 4: RV sequence of {0, 0} or {0, 3} is configured by higher layer signalling for UL SPS with repetition. 
Proposal 5: HARQ feedback is not needed for UL SPS with repetition for 1ms latency boundary.

2.3 Other aspects
For TBS calculation in subslot, it was specified that the TBS scaling factor for 2/3-symbol sPUSCH is 1/12 and 2/12 for 1 and 2 data symbols in sPUSCH respectively. When UL SPS with repetition is configured and if sTTIs for initial transmission and repetition has different number of data symbols, e.g., one sTTI with 1 data symbol and the other sTTI with two data symbols, the TB conveyed on the two sTTIs should be the same. From the aspect of reliability, the TBS scaling factor can always be 1/12 for this case.
Proposal 6: TBS scaling factor is always 1/12 when UL SPS with repetition is configured and emerges on both 1-data-symbol sTTI and 2-data-symbol sTTI. 

In addition, high modulation scheme which aims to improve the spectrum efficiency seems unnecessary for achieving the reliability requirement in LTE URLLC. Therefore, high modulation order scheme such as 256QAM is not supported.

Proposal 7: 256QAM is not supported for UL SPS with repetition for URLLC.
In order to support URLLC in Rel-15, SPS with repetition necessarily needs to be specified, for which the reason and analysis is provided in [3].  Based on the overall analysis in this contribution about supporting UL SPS with repetition, the preliminary summary of related specification impact is provided in [4], from which it is concluded that the specification impact is reasonable to be practically completed in time for Rel-15. 

3 Conclusion

In this contribution, how to realize the sPUSCH repetition (on subslot level) as one key UL SPS enhancements for URLLC was discussed. The discussion includes solving the issue of ambiguity between eNB and UE about the first transmission of a new TB or a repetition of a previous TB, the RV patterns for repetition, TBS scaling for SPS repetition occurring on sTTIs with different data symbols, no HARQ-ACK feedback and no support of 256QAM, which leads to the following proposals, and the preliminary summary on related specification impact is provided in [4]. 
Proposal 1: The maximum repetition number supported for UL SPS is 2 for 1ms latency bound.

Proposal 2: The repetition number of UL SPS is conveyed in higher layer signalling. 
Proposal 3: UE is configured with different DMRS configurations to distinguish the initial transmission and repetition for UL SPS. 
Proposal 4: RV sequence of {0, 0} or {0, 3} is configured by higher layer signalling for UL SPS with repetition. 
Proposal 5: HARQ feedback is not needed for UL SPS with repetition for 1ms latency boundary.

Proposal 6: TBS scaling factor is always 1/12 when UL SPS with repetition is configured and emerges on both 1-data-symbol sTTI and 2-data-symbol sTTI. 

Proposal 7: 256QAM is not supported for UL SPS with repetition for URLLC.
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