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1 Introduction

In last RAN2#97bis meeting, regarding whether to introduce SPS mechanism into sTTI, there was no conclusion, but some companies could agree that SPS mechanism is useful and prefer to have a simple SPS scheme for sTTI without RAN1 impact. In this contribution, a simple SPS scheme for sTTI without RAN1 impact is provided. And corresponding CRs are provided in [1] and [2]. 
2 Discussion 
2.1 sTTI based SPS
In Rel-14, short interval of 1 TTI, i.e. 1ms, is already supported in SPS. After sTTI is introduced, it is reasonable that SPS scheme is used in sTTI to further reduce latency. Otherwise, the current minimum interval of SPS (1ms) is not short enough to support services like URLLC. 
Observation 1: It is useful to support SPS mechanism in short TTI.
Up to now, the UL sTTI structure of 7-symbol TTI has been agreed as follows in [1].
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Although there is no explicit agreement in RAN1 about 7-symbol DL sTTI structure, it is a common understanding in RAN1 that the 7-symbol DL sTTI structure is the same as 7-symbol UL sTTI structure. Besides, 2-symbol TTI is also supported for UL and DL, and RAN1#88 has agreed the 2-symbol UL/DL sTTI patterns [2]. For 2-OS sTTI, UL sTTI pattern for sPUSCH and sPUCCH is [3, 2, 2, 2, 2, 3]. For 2-symbol DL sTTI, DL sTTI pattern is [3,2,2,2,2,3] and [2,3,2,2,2,3].
If SPS is used in sTTI, the interval of SPS should be based on sTTI and aligned with the sTTI structure. In other words the interval of SPS should take the sTTI structure into account to make sure some SPS occasions available. As the symbol level sTTI length may not be constant within a subframe, simply reusing the legacy configuration where the SPS interval is an absolute constant time may not be applicable. A better way is to consider sTTI_Offset to indicate the specific SPS occasions. For example, as shown in Fig.1, if sTTI is configured to 2-symbol, then there are 6 sTTI in one subframe and sTTI_Offset=1 means the second sTTI in the subframe. 
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Fig.1 sTTI_Offset in one subframe
Proposal 1: The sTTI structure and sTTI_Offset should be considered when configuring SPS occasions based on sTTI.
2.2 SPS (re-)initialization/Release
In the legacy TTI, for SPS (re-)initialization procedure, the PDCCH indicates the SPS start offset subframe, physical radio block position as well as MCS, and RV. For sTTI, PDCCH can be reused to indicate these parameters, since the different between legacy SPS and sTTI SPS is the SPS interval and transmission/reception occasion duration.

Observation 2: The PDCCH can be reused in sTTI SPS (re-)initialize/release procedure.

For sTTI_Offsetstart time, it can be indicated by sPDCCH like legacy SPS or configured by RRC signaling. Since a simple SPS scheme for sTTI without RAN1 impact is preferred, it is proposed to adopt the RRC signalling to configure the sTTI_Offsetstart time. One argument could be the sTTI_Offsetstart time can be fixed to set as 0. But the gain from time diversity of different UEs can be achieved by a configurable value of sTTI_Offsetstart time in this option. For legacy SPS, SPS transmission/reception occasion like SPS interval related parameters, and power control parameters for SPS UL transmission are specified as well. Since these parameters are mainly based on the uniform power control mechanism, there is no impact introduced by the TTI duration change. Therefore, 
Observation 3: it is feasible for RAN2 to figure out a simple SPS scheme applied to sTTI without RAN1 impact.

Proposal 2: it is proposed to configure the sTTI_Offsetstart time by RRC signalling to avoid RAN1 impact and achieve the gain from time diversity of different UEs.
2.3 SPS occasions calculation
After SPS is introduced into sTTI, the SPS occasions can be indicated with two options:
Option 1: Reuse the SPS interval concept, and notify the UE the symbol level interval.
In this case, when sTTI based SPS is used, the legacy formula to calculate the Nth occasion should be enhanced as follows:
Downlik:

(10 * SFN * sTTI_Number_Per_Subframe + subframe * sTTI_Number_Per_Subframe + sTTI_Index) = [(10 * SFNstart time * sTTI_Number_Per_Subframe + subframestart time * sTTI_Number_Per_Subframe) + N * semiPersistSchedIntervalDL-r15+ sTTIOffsetStartTimeDl] modulo (10240 * sTTI_Number_Per_Subframe).
Uplink:
(10 * SFN * sTTI_Number_Per_Subframe + subframe * sTTI_Number_Per_Subframe + sTTI_Index) = [(10 * SFNstart time * sTTI_Number_Per_Subframe + subframestart time * sTTI_Number_Per_Subframe) + N * semiPersistSchedIntervalUL-r15+ Subframe_Offset * (N modulo 2) * sTTI_Number_Per_Subframe+ sTTIOffsetStartTimeUl] modulo (10240 * sTTI_Number_Per_Subframe). 
As in existing LTE, SFNstart time and subframestart time are the SFN and subframe, respectively, at the time the configured grant were (re-)initialised. For sTTI_Offsetstart time, as illustrated in above section, it can be configured by RRC signaling. 
Additionally, sTTI_Number_Per_Subframe is the number of sTTI in one subframe.For exampel, the sTTI_Number_Per_Subframe is 6 when 2OS sTTI is configued and 2 when 7OS is configured.  

Option 2: Calculate SPS occasions in subframe level via the legacy formula, with location of SPS occasions in sTTI level indicated by eNB 

Firstly calculate which subframes have SPS occasions using the legacy formula. And then the UE knows the exact SPS occasions in these subframes indicated by the eNB. And in these subframes the SPS occasions should distribute in the same pattern. For example, as shown in Fig.1, the eNB indicates the UE that SPS occasions are on sTTI_Index 2. Then in these calculated subframes, the UE will use the 2nd sTTI as SPS occasions. Whether the SPS occasions are periodic depends on the configured sTTI_Index in the subframe. 
For Option 1, it is a unified formula that can be used to calculate SPS occasions for both legacy SPS and sTTI based SPS. Besides it is more aligned with the legacy way of calculation and does not need extra information PDCCH indication from the eNB. So we slightly prefer Option 1.
Proposal 3: it is proposed to adopt the following formula to calculate SPS occasions for sTTI based SPS:
Downlik:

(10 * SFN * sTTI_Number_Per_Subframe + subframe * sTTI_Number_Per_Subframe + sTTI_Index) = [(10 * SFNstart time * sTTI_Number_Per_Subframe + subframestart time * sTTI_Number_Per_Subframe) + N * semiPersistSchedIntervalDL-r15+ sTTIOffsetStartTimeDl] modulo (10240 * sTTI_Number_Per_Subframe).
Uplink:
(10 * SFN * sTTI_Number_Per_Subframe + subframe * sTTI_Number_Per_Subframe + sTTI_Index) = [(10 * SFNstart time * sTTI_Number_Per_Subframe + subframestart time * sTTI_Number_Per_Subframe) + N * semiPersistSchedIntervalUL-r15+ Subframe_Offset * (N modulo 2) * sTTI_Number_Per_Subframe+ sTTIOffsetStartTimeUl] modulo (10240 * sTTI_Number_Per_Subframe). 
2.4 HARQ ID calculation
If SPS is applied to sTTI, the calculation of HARQ ID needs also to be enhanced as follows: 
Downlink:

HARQ Process ID = [floor(CURRENT_sTTI/semiPersistSchedIntervalDL-r15)] modulo numberOfConfSPS-Processes-r15,
Uplink:

HARQ Process ID = [floor(CURRENT_sTTI/semiPersistSchedIntervalUL-r15)] modulo numberOfConfUlSPS-Processes-r15,
where CURRENT_sTTI = [(SFN * 10 * sTTI_Number_Per_Subframe) + subframe number * sTTI_Number_Per_Subframe + sTTI_Index ] and it refers to the sTTI occasion where the first transmission of a bundle takes place.
Similar to SPS occasion calculation, the unified formula is applicable for both legacy SPS and sTTI based SPS. When legacy SPS is configured, sTTI_Number_Per_Subframe is equal to one and sTTI_Index is equal to zero. When sTTI based SPS is configured, semiPersistSchedIntervalDL and semiPersistSchedIntervalDL are counted by sTTI unit.
Proposal 4: it is proposed to adopt the following formula to calculate HARQ Process ID for sTTI based SPS:
Downlink:

HARQ Process ID = [floor(CURRENT_sTTI/semiPersistSchedIntervalDL-r15)] modulo numberOfConfSPS-Processes-r15,
Uplink:

HARQ Process ID = [floor(CURRENT_sTTI/semiPersistSchedIntervalUL-r15)] modulo numberOfConfUlSPS-Processes-r15,
where CURRENT_sTTI = [(SFN * 10 * sTTI_Number_Per_Subframe) + subframe number * sTTI_Number_Per_Subframe + sTTI_Index ] and it refers to the sTTI occasion where the first transmission of a bundle takes place.
2.5 Configuration of legacy SPS and sTTI based SPS
After introducing SPS into sTTI, whether legacy SPS and sTTI based SPS can coexist needs further discussion. 
From a general point of view, the main difference between legacy SPS and sTTI based SPS is the interval. As there is no scenario that requires configuring SPS of two intervals simultaneously for one MAC entity, configure one kind of SPS is enough. In addition, if the two kinds of SPS are configured at the same time, there may be problem of resource multiplexing complexity and possible collision. Therefore, it is better to configure only legacy SPS or sTTI based SPS at one time for one MAC entity.
Proposal 5: It is preferred to only configure one set of SPS parameters, either legacy SPS or sTTI based SPS at one time for one MAC entity. 
3 Conclusion
In this contribution, we discuss the SPS mechanism in combination with sTTI and give the below proposals.
Observation 1: It is useful to support SPS mechanism in short TTI. 
Observation 2: The PDCCH can be reused in sTTI SPS (re-)initialize/release procedure.

Observation 3: it is feasible for RAN2 to figure out a simple SPS scheme applied to sTTI without RAN1 impact.

Proposal 1: The sTTI structure and sTTI_Offset should be considered when configuring SPS occasions based on sTTI.
Proposal 2: it is proposed to configure the sTTI_Offsetstart time by RRC signalling to avoid RAN1 impact and achieve the gain from time diversity of different UEs.
Proposal 3: it is proposed to adopt the following formula to calculate SPS occasions for sTTI based SPS:
Downlik:

(10 * SFN * sTTI_Number_Per_Subframe + subframe * sTTI_Number_Per_Subframe + sTTI_Index) = [(10 * SFNstart time * sTTI_Number_Per_Subframe + subframestart time * sTTI_Number_Per_Subframe) + N * semiPersistSchedIntervalDL-r15+ sTTIOffsetStartTimeDl] modulo (10240 * sTTI_Number_Per_Subframe).
Uplink:
(10 * SFN * sTTI_Number_Per_Subframe + subframe * sTTI_Number_Per_Subframe + sTTI_Index) = [(10 * SFNstart time * sTTI_Number_Per_Subframe + subframestart time * sTTI_Number_Per_Subframe) + N * semiPersistSchedIntervalUL-r15+ Subframe_Offset * (N modulo 2) * sTTI_Number_Per_Subframe+ sTTIOffsetStartTimeUl] modulo (10240 * sTTI_Number_Per_Subframe). 
Proposal 4: it is proposed to adopt the following formula to calculate HARQ Process ID for sTTI based SPS:
Downlink:

HARQ Process ID = [floor(CURRENT_sTTI/semiPersistSchedIntervalDL-r15)] modulo numberOfConfSPS-Processes-r15,
Uplink:

HARQ Process ID = [floor(CURRENT_sTTI/semiPersistSchedIntervalUL-r15)] modulo numberOfConfUlSPS-Processes-r15,
where CURRENT_sTTI = [(SFN * 10 * sTTI_Number_Per_Subframe) + subframe number * sTTI_Number_Per_Subframe + sTTI_Index ] and it refers to the sTTI occasion where the first transmission of a bundle takes place.
Proposal 5: It is preferred to only configure one set of SPS parameters, either legacy SPS or sTTI based SPS at one time for one MAC entity.
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