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Introduction
In RAN2#98, SPS operation on sTTI had been discussed and the agreement was reached:
· RAN2 aims to support SPS with a simple and converged solution.
In this contribution, we show how SPS operation on sTTI can be enabled in simple manner. 
[bookmark: _Ref178064866]Discussion
The current SPS framework in LTE serves two main purposes: 
1. In legacy SPS the UE can be provided with a semi-persistent DL assignment or UL grant, defining periodically repeating resources. By sending this control information only once, control channel resources are saved, which is beneficial for repeating transmissions of same format e.g. VoIP traffic, with typical periods of 10-20ms. 
2. In Rel-14, SPS in UL had been enhanced with enabling the minimum period of 1ms, and the mandate to skip padding transmissions when using periodicities below 10ms. With this feature, UL access latency could be reduced, since the UE can skip the SR-to-grant period when configured with this UL SPS. 
As shown in [3], sTTI operation can benefit from being used combined with Rel-14 SPS, by further reducing the UL access latency. In dynamically scheduled sTTI operation, an SR would be required based on sPUCCH and an UL grant would need to be provided based on sPDCCH. With sTTI combined with Rel-14 SPS enhancements, this period can be skipped, and furthermore the sPUCCH load as well as sPDCCH load would be reduced. This is especially important as the overhead in these frequent (short) control channels is more significant than in its normal 1ms-based versions. 
Based on the agreement “RAN2 aims to support SPS with a simple and converged solution”, in the following we discuss how to combine sTTI with legacy DL/UL SPS operation as well as the Rel-14 SPS enhancement. 
SPS periodicity
[bookmark: _Toc480369422][bookmark: _Toc481591008][bookmark: _Toc481739550][bookmark: _Toc481740108][bookmark: _Toc481740175]The SPS interval (periodicity) is RRC-configured today. The periodicity values on subframe basis are sufficient for the TTI granularity of subframes. For sTTI, however, shorter SPS periodicity values need to be introduced, in order to benefit from the joint latency reduction impact of SPS and short TTI. Also, to allow legacy intervals, e.g. used for VoIP today, but on the operation of sTTI, further larger interval values based on sTTI-counting need to be introduced. 
[bookmark: _Toc489270102][bookmark: _Toc489270492][bookmark: _Toc489285581][bookmark: _Toc489364665][bookmark: _Toc489365074][bookmark: _Toc489365285]Following legacy behaviour, sTTI SPS intervals are configured by RRC. New sTTI-based interval values are introduced. The minimum value of 1 sTTI is supported.

[bookmark: _Toc480369423][bookmark: _Toc480369425]SPS activation and deactivation
The SPS activation and deactivation command is provided by an PDCCH downlink assignment or uplink grant addressed to the SPS C-RNTI with NDI 0, and where special fields are fixed to distinguish between SPS activation and deactivation (compare TS 36.213, Section 9.2 on PDCCH validation for SPS). For SPS activation, the DCI determines also the transmission parameters to be used at the SPS occasions. 
In sTTI operation, the corresponding sDCI information is required. As defined by RAN1, it can be submitted in PDCCH. Usage of PDCCH instead of sPDCCH is deemed sufficient for SPS activation and deactivation, as the long-term SPS assignment does not benefit from the shorter-term sPDCCH usage (for activation/deactivation).
[bookmark: _Toc489270103][bookmark: _Toc489270493][bookmark: _Toc489285582][bookmark: _Toc489364666][bookmark: _Toc489365075][bookmark: _Toc489365286]Following legacy behaviour, sTTI SPS activation/deactivation is based on PDCCH.
RAN1 is working on sDCIs for sTTI operation. To enable SPS activation and deactivation based on sDCI, corresponding procedures and special fields (as mentioned above) would need to be specified by RAN1 as well. Therefore, we propose:
[bookmark: _Toc489270104][bookmark: _Toc489270494][bookmark: _Toc489285583][bookmark: _Toc489364667][bookmark: _Toc489365076][bookmark: _Toc489365287]LS to RAN1 indicating usage of PDCCH for sTTI SPS activation/deactivation and request to specify required special sDCI fields for PDCCH validation for SPS when operating on sTTI (draft in [6]).
In Rel-14 UL SPS with skip padding, a MAC control element is transmitted to confirm the reception of SPS activation. This can be done as today within the first granted UL resource after the SPS activation, i.e. the first sTTI/sPUSCH.
HARQ operation
In this section, we discuss how sTTI and the used asynchronous HARQ operation works on DL/UL SPS. Currently, since in SPS with asynchronous HARQ the HARQ ID is not indicated per TTI, formulas have been specified (TS 36.321) for both DL and UL SPS to derive the HARQ ID from the absolute SFN and subframe number (which is known in both eNB and UE). In sTTI operation, the formulas would need to be modified to accommodate the shorter TTI lengths, i.e. the slot/sub-slots lengths, thus should be based on the finer granularity of sTTI-number (i.e. slots/sub-slots within a subframe).
[bookmark: _Toc465269527][bookmark: _Toc465866140][bookmark: _Toc466031157][bookmark: _Toc471744524][bookmark: _Toc473204170][bookmark: _Toc473204176][bookmark: _Toc477426135][bookmark: _Toc478029345][bookmark: _Toc478138760][bookmark: _Toc478138960][bookmark: _Toc480369427][bookmark: _Toc481591010][bookmark: _Toc481739552][bookmark: _Toc481740110][bookmark: _Toc481740177][bookmark: _Toc489270106][bookmark: _Toc489270496][bookmark: _Toc489285585][bookmark: _Toc489364669][bookmark: _Toc489365077][bookmark: _Toc489365288]In DL/UL SPS with asynchronous HARQ, the HARQ process ID is derived from the sTTI-number (index of sTTI within subframe). 
Building on this agreement, the draft CRs [4],[5] show how the existing formulas for HARQ process ID determination are enhanced to support sTTI operation. The resulting configurable sTTI SPS operation and the HARQ IDs used for the respective sTTIs are shown below.
[image: ]
Figure 1: HARQ Process IDs used on SPS on sTTI operation, for different configurations of SPSinterval and nrofProcesses.
In asynchronous UL HARQ operation, where HARQ feedback is received on PDCCH, the UE attempts retransmissions only when requested for a specified process ID, i.e. when DCI is received with NDI considered not toggled. In SPS this is only possible when addressing the SPS C-RNTI, with NDI 1. 
As discussed in RAN1, same as for dynamic scheduling on sTTI, also HARQ retransmissions on SPS can be enabled by sDCI addressing SPS C-RNTI on PDCCH or sPDCCH (i.e. HARQ feedback received on PDCCH or sPDCCH when SPS is used with sTTI).
Summary
In this paper, we provided a simple and converged solution enabling sTTI operation with SPS. In [4],[5] we provide draft CRs to enable the operation on MAC and RRC, respectively. We propose:
[bookmark: _Toc489270499][bookmark: _Toc489285586][bookmark: _Toc489364670][bookmark: _Toc489365078][bookmark: _Toc489365289]Agree on enabling sTTI operation with SPS according to the CR [4],[5]. 

Conclusion
In the previous section, we made the following observations and propose:
Proposal 1	Following legacy behaviour, sTTI SPS intervals are configured by RRC. New sTTI-based interval values are introduced. The minimum value of 1 sTTI is supported.
Proposal 2	Following legacy behaviour, sTTI SPS activation/deactivation is based on PDCCH.
Proposal 3	LS to RAN1 indicating usage of PDCCH for sTTI SPS activation/deactivation and request to specify required special sDCI fields for PDCCH validation for SPS when operating on sTTI (draft in [6]).
Proposal 4	In DL/UL SPS with asynchronous HARQ, the HARQ process ID is derived from the sTTI-number (index of sTTI within subframe).
Proposal 5	Agree on enabling sTTI operation with SPS according to the CR [4],[5].
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6sTTIs per subframe (os: 3,2,2,2,2,3) subframe 0 0 0 0 0 0 1 1 1 1 1 1 2 2 2 2 2 2 3 3 3 3 3 3 4 4 4 4 4 4

SPS-interval nrofProcessessTTI index 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5 0 1 2 3 4 5

N: SPS occasion counter N 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

1 8 HARQID 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5

1 12 HARQID 0 1 2 3 4 5 6 7 8 9 10 11 0 1 2 3 4 5 6 7 8 9 10 11 0 1 2 3 4 5

N 0 - 1 - 2 - 3 - 4 - 5 - 6 - 7 - 8 - 9 - 10 - 11 - 12 - 13 - 14 -

2 6 HARQID 0 - 1 - 2 - 3 - 4 - 5 - 0 - 1 - 2 - 3 - 4 - 5 - 0 - 1 - 2 -

2 12 HARQID 0 - 1 - 2 - 3 - 4 - 5 - 6 - 7 - 8 - 9 - 10 - 11 - 0 - 1 - 2 -

N 0 - - - - - 1 - - - - - 2 - - - - - 3 - - - - - 4 - - - - -

6 2 HARQID 0 - - - - - 1 - - - - - 0 - - - - - 1 - - - - - 0 - - - - -

N 0 - - - - - - - - - - - 1 - - - - - - - - - - - 2 - - - - -

12 1 HARQID 0 - - - - - - - - - - - 0 - - - - - - - - - - - 0 - - - - -


