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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)

How to support UL SPS with repetition and how it affects the specification are analysed in the companion contribution [3].
This contribution provides the preliminary summary of related specification impact to support UL SPS with repetition based on the analysis in [3], from which it can be concluded that the specification impact is reasonable to be practically completed in time for Rel-15. 

2 Specification impacts for supporting UL SPS with repetition
2.1 Physical layer impacts

According to the analysis in [3], the followings will affect the RAN1 specification.
· Generating DMRS sequence for the initial transmission and repetition
· RV determination for the nth transmission occasion among 2 repetitions, n=1, 2
· TBS scaling factor for UL SPS with repetition

· 256QAM is not supported for UL SPS with repetition

The preliminary revisions to 36.211 [4] and 36.213 [5] to cover the above are listed as follows.
a) TS36.211 related
In section 5.5.2.1.1, when generating reference signal sequence for UL SPS with repetition, the DMRS configurations to the initial transmission and repetition are different. For example, if two different cyclic shifts are configured for UL SPS with repetition by higher layer signalling, the value of 
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for the nth transmission occasion among 2 repetitions, n=1, 2, can be derived respectively according to these two cyclic shifts. 
b) TS36.213 related
In section 8.6.1 (redundancy version determination), RV determination needs to be specified. For example, if UL SPS with repetition is configured by higher layer signaling, 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. Furthermore, the initial transmission of a TB can start at any transmission occasions configured for UL SPS with repetition.
In addition in section 8.6.1, as for 256QAM, it may be specified as: a UE is not expected to support 256QAM transmission if UL SPS with repetition is configured. In section 8.6.2 (i.e. Transport block size determination), TBS scaling factor for UL SPS with repetition could be added. For example, if UL SPS with repetition is configured and if the 2 repetitions spans on two subslot-based PUSCHs with one and two data symbols, 
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 for subslot-based PUSCH. Otherwise, if UL SPS with repetition is configured and if the 2 repetitions spans on two subslot-based PUSCHs with the same data symbols, the current mechanism is reused.
2.2 Higher layer impacts

According to the analysis in [3], the followings will affect the RAN2 specification. 
· Repetition number configuration

· DMRS configuration to distinguish the initial transmission and repetition
· RV sequence configuration

For simplification, the above configurations can be embedded in the current SPS-ConfigUL-STTI-r15 as specified in 36.331 [6]. 
a) TS36.331 related
The repetition number configuration can be conveyed in SPS-ConfigUL-STTI-r15.
The DMRS configurations to distinguish the initial transmission and repetition can be supported by extending the cyclicShiftSPS-r15 configuration in SPS-ConfigUL-STTI-r15. Furthermore the RV sequence of {0, 0} or {0, 3} to support UL SPS with 2 repetitions can be added directly in SPS-ConfigUL-STTI-r15.
b) TS36.321 related
In addition, as proposed in [3], HARQ feedback is not needed for UL SPS with repetition for 1ms latency boundary. Therefore, modifications on 36.321 may also be involved. 
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