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Discussion and Decision
1 
Introduction
In the RAN1#92 meeting [3] it was agreed to study and specify UL SPS enhancements to improve URLLC uplink operation.  
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 the RAN#79 meeting the scope of the LTE URLLC work item was discussed and the following agreement on UL SPS specification was done: 
· Second priority (best effort only): Repetition enhancements for UL SPS operation (RAN1 led)
· Finalise details of RAN1 & RAN2 agreements to support UL SPS repetition configuration (both sTTI and TTI)
In this contribution UL SPS enhancements for URLLC are discussed.
2 
SPS transmission enhancements
2.1 DMRS configuration for 1ms TTI SPS operation
For UL sTTI SPS operation, it was agreed that different DMRS CS and/or RPF can be configured by RRC (3-bit CS and 1-bit RPF). The CS field in the sDCI is set to zero when UL SPS is activated. The configuration of CS was introduced to support contention based access so that assigning overlapping resources to different UEs is possible. Different DMRS CS for different UEs can help eNB to differentiate the transmissions from different UEs. RPF configuration can be used to share DMRS symbol between consecutive sTTIs. In case of 1ms TTI, RPF could be used as an additional method to differentiate DMRS from different UEs, but we prefer not to introduce RPF for the DMRS of 1ms TTI. However, configurability of CS should be supported for 1ms UL SPS TTI transmissions. 3-bit configuration or 8 different CS values should be sufficient. 
Proposal 1: For UL 1ms TTI SPS operation cyclic shift of the DMRS can be configured by 3-bit RRC signalling
2.2. UL SPS repetition configuration for URLLC
In the last meeting the following agreement was made:

Agreement:
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
This is obviously important from latency reduction point of view. In order to guarantee reliability of the transmission the following agreement was made:
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

In the NR grant free operation, a configuration where UE can send initial transmission of TB at any TTI and then send repetitions until the end of repetition period, is supported. This operation guarantees low latency for initial transmission but the number of repetitions depend on starting point of the initial transmission so reliability cannot be guaranteed. The operation specified for NR can be considered as a reference when specifying UL SPS repetition configuration for LTE. The following configurations should be considered:
· In order to improve reliability, it should be possible to repeat the TB up to four times. In better channel conditions two repetitions could be enough. We propose that for UL SPS the number of repetitions should be configurable between 1, 2 and 4.
· As discussed e.g. in [2] for small code rates it is sufficient to use RV0 for all the repetitions but in other cases incremental redundancy provides gain. We think that at least RV sequence (0, 0, 0, 0) should be supported. FFS if also other RV sequences like (0, 2, 3, 1) or (0, 3, 0, 3) are needed.
· In NR the initial transmission of a transport block may start at any transmission occasions of the K repetitions that are associated with RV=0 and repetitions are terminated at the last transmission occasion among the K repetitions within the period P, or when a UL grant for scheduling the same TB is received within the period P, whichever is reached first. This means that depending on starting point of the transmission, the number of repetitions may be less than the K configured. 
We think that for LTE URLLC it should be configurable whether UE can start the initial transmission of the TB at any (s)TTI associated with RV=0 and continue until end of the repetition period (i.e. K repetitions is not guaranteed), or if UE should wait until the starting point of the SPS repetition period and then transmit all the K repetitions. This would enable eNB to select whether low latency or high reliability is more important. 
· The HARQ process ID can be determined based on the TTI index of the starting occasion of the repetition period. It should be noted that actual transmission from the UE may start later, if UE is allowed to start transmission at any (s)TTI associated with RV=0. In NR a timer can be configured for grant-free operation to reserve the HARQ process for potential retransmission for a given period of time. FFS if this kind of timer is also needed in LTE.
Considering that UL SPS enhancements are according to RAN plenary agreement second priority topic we think that modifications to the existing specifications should be small and methods already introduced in NR should be reused. We think that the operation that allows starting of UL SPS with repetitions at any (s)TTI and guarantees that all the configured repetitions are performed, might be too complex. We think that the method adopted to NR grant free operation is sufficient for LTE URLLC UL SPS.
Proposal 2: For URLLC UL SPS the number of configured repetitions is [1, 2, 4]
Proposal 3: For UL SPS with repetitions at least the RV sequence (0, 0, 0, 0) is supported. FFS if other RV sequences are supported and the corresponding needed restrictions on starting points of initial transmissions of TBs.
Proposal 4: UE may be configured to start repeated UL SPS transmission at any (s)TTI associated with RV=0 and continue until the end of the repetition period or UE may be configured to start repetitions only at the starting occasion of repetition period and perform all the configured repetitions.
3
Conclusions

In this contribution, we have discussed UL SPS enhancements for LTE URLLC. We have the following proposals:
Proposal 1: For UL 1ms TTI SPS operation cyclic shift of the DMRS can be configured by 3-bit RRC signalling
Proposal 2: For URLLC UL SPS the number of configured repetitions is [1, 2, 4]

Proposal 3: For UL SPS with repetitions at least the RV sequence (0, 0, 0, 0) is supported. FFS if other RV sequences are supported and the corresponding needed restrictions on starting points of initial transmissions of TBs
Proposal 4: UE may be configured to start repeated UL SPS transmission at any (s)TTI associated with RV=0 and continue until the end of the repetition period or UE may be configured to start repetitions only at the starting occasion of repetition period and perform all the configured repetitions.
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