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Introduction
With short TTI (sTTI) as currently defined in RAN1 according to [1] LTE latency in DL and UL is reduced by allowing transmissions on a shorter timescale. 
In this contribution, we discuss the operation of Semi-Persistent Scheduling (SPS) together with sTTI.
[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 for reception or transmission. By sending this control information only once, control channel resources are saved, which is beneficial for repeating transmissions of same format. The framework is mainly used for VoIP traffic, where packets of same size need to be transmitted periodically. Typical periods are 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. 
Also 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 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.
It had been shown in the TR [2] how Rel-14 SPS-based “Fast UL” can significantly improve the performance of downloads of smaller files over TCP. Figure 9.1.4.1-1/2 from the TR (inserted here as Figure 1 below) shows the following gains for a 100KB file download: 75% with 2os sTTI and 1 sTTI SR period while 80% with 2os sTTI and Fast UL in this case. 80% with 2os sTTI and 10 sTTI SR period – while 90% with 2os sTTI and Fast UL access. 
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Figure 1: Relative gain of FTP throughput (over TCP) with sTTI + Fast UL combinations. 
Left: sPUCCH for SR every 1 sTTI. Right: sPUCCH for SR every 10 sTTI. 
Thereby it becomes apparent that Fast UL access can provide additional gains also if used together with 2os sTTI, especially at larger assumed SR periods of every 10 sTTI. The TR [2] lists the following conclusion:
-	An enhancement to SPS to allow for periodic UL grants every TTI (Fast UL) reduces the latency of the first UL transmission compared to legacy intervals, and performs equally well compared with SR every 1ms with lower control channel load. Fast UL improves User Throughput also with shorter TTI, although the relative gain is smaller compared to longer TTIs.
We propose:
[bookmark: _Toc481591006][bookmark: _Toc481739549][bookmark: _Toc481740107][bookmark: _Toc481740174]It is supported to configure SPS-configurations which address sTTIs.
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
The SPS interval (period) is RRC-configured with intervals on subframe basis. This is sufficient for legacy DL/UL SPS operation and should therefore be reused. However, to utilize the potential of reduced latency in sTTI combined with the Rel-14 SPS enhancement, the minimum UL SPS interval must be reduced from subframe to sub-subframe (“sTTI”) level. One simple yet flexible solution to realize this would be to configure the UE with which sTTIs within the SPS-subframe are to be considered assigned/granted SPS-sTTIs, e.g. by a bitmap. This is exemplified in Figure 1.
[image: ]
Figure 1: Two examples of configurable sTTI sub-pattern within SPS subframes.
By introduction of this bitmap, both use cases for low latency with all sTTIs per SPS-subframe, as well as VoIP-like use cases with some sTTIs per SPS-subframe would be covered. 
It can be discussed whether it is sufficient within this WI to cover only the low latency use cases, in which the usage of the bitmap would not be required. Then, all sTTIs within one SPS subframe would be considered as SPS-sTTI.
Therefore, we propose:
[bookmark: _Toc480369422][bookmark: _Toc481591008][bookmark: _Toc481739550][bookmark: _Toc481740108][bookmark: _Toc481740175]RAN2 to discuss whether a sub-pattern should be configurable, defining which sTTIs within an UL/DL SPS subframe are considered granted/assigned SPS-sTTIs (or whether all sTTIs within a subframe are considered in SPS). 
[bookmark: _Toc480369423][bookmark: _Toc480369425]SPS commands
In sTTI operation, control information is provided by sPDCCH to the UE, likewise SPS commands (activation/release) can be transmitted on sPDCCH to the UE. 
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 within the first granted UL resource after the SPS activation, i.e. the first sTTI/sPUSCH.
[bookmark: _Toc478138759][bookmark: _Toc478138959][bookmark: _Toc480369426][bookmark: _Toc481591009][bookmark: _Toc481739551][bookmark: _Toc481740109][bookmark: _Toc481740176]Following legacy behaviour for UL SPS with skip padding, MAC CE to confirm SPS activation are sent on the first granted UL resource after the activation.
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 sub-subframe lengths, thus should be based on the finer granularity of sTTI-number (i.e. 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]In DL/UL SPS with asynchronous HARQ, the HARQ process ID is derived from sTTI-number. 
The resulting formula could look as follows, e.g. for UL:
- 	HARQ Process ID = [sTTIcountPerSubframeUL*floor(CURRENT_TTI/semiPersistSchedIntervalUL) +sTTIindex within subframe] modulo numberOfConfSPS-Processes,
By the usage of the above formula as well as the bitmap as proposed in Section 2.1, the following exemplary sTTI-SPS configurations can be enabled:
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Figure 2: SPS sTTI configurations and HARQ IDs.
From Figure 2, it becomes obvious that the usage of the bitmap allows on the one side configurations optimized for reduced latency access, e.g. configuring the legacy SPS(subframe-based) interval to 1, and the full bitmap (see first row), and on the other side also SPS configurations using sTTI e.g. for infrequent small data transfers (see third row). In such a configuration only one bit of the bitmap would be set, as well as higher legacy SPS intervals defined. Other pattern, such as a 2 sTTI pattern could also be configured (see row 4). Thereby, it should be noted that with a proper configuration of the number of HARQ processes, reoccurance of the HARQ ID (for potential retransmission) could be configured to happen e.g. in the same sTTI index of the subframe (i.e. on an sTTI with either 2os or 3os). Depending on the RAN1 outcome on n+4 or n+6 procesing time, the number of HARQ processes can be configured (compare row 1 and row 5). Overall, usage of bitmap and formula provides a flexible and future proof method for enabling SPS and sTTI.
In [3] we provide a concise draft MAC CR implementing this method, which illustrates the minimal specification impact required.
In asynchronous HARQ operation, in UL, the UE attempts retransmissions only when requested for a specified process ID, i.e. when DCI is received with NDI considered not toggled. On SPS generally, all assigned/granted resources are considered NDI toggled, meaning that the UE attempts a new transmission (potentially overriding the current process), if no further DCI is received. 
In DL/UL SPS on sTTI, retransmissions can be scheduled based on sPDCCH. This can be done by indicating NDI=1 and addressing sPDCCH to SPS-CRNTI. The DCI may be designed lightweight, if no adaptive retransmission is needed. Furthermore, HARQ ID can be derived from the formula above. The formula would make the operation synchronous, however, since the numberOfConfUlSPS-Processes can be tuned to the expected HARQ RTT on SPS, the synchronous operation would not lead to an additional latency compared to a fully asynchronous retransmissions scheduling, but can be considered much simpler.
In DL SPS, sPDCCH would need to be (blindly) decoded to identify (potentially adaptive) retransmission assignments (overriding DCI). If sPDCCH is not decodable, the UE would follow the configured SPS DCI, i.e. expect a new transmission on sPDSCH. This way, legacy behaviour for SPS and 1ms TTI is applied to SPS and sTTI.
[bookmark: _Toc465866141][bookmark: _Toc466031158][bookmark: _Toc471744525][bookmark: _Toc473204171][bookmark: _Toc473204177][bookmark: _Toc477426136][bookmark: _Toc478138761][bookmark: _Toc478138961][bookmark: _Toc480369428][bookmark: _Toc481591011][bookmark: _Toc481739553][bookmark: _Toc481740111][bookmark: _Toc481740178][bookmark: _Toc478029346]In DL SPS, following legacy operation, UE attempts decoding of sPDCCH for potential overriding DL DCI. If no sPDCCH is found, UE expects transmission according to configured SPS assignment. 
In UL SPS, for the configured DCI, where NDI is considered toggled, the potential overriding of the current HARQ buffer (if no further DCI for retransmission is received), may lead to data loss on MAC/HARQ. It can however be avoided by the eNB reliably scheduling retransmissions. Just like assumed for the Rel-14 SPS enhancement, where the eNB may always send NACK on PHICH, the eNB can solve this in sTTI operation by always sending a light-weight retransmission request on sPDCCH, i.e. scheduling retransmissions when it was not able to decode the transmission (i.e. both for DTX detected and decoding error), thus avoiding the potential error case. Assuming an eNB which is reliably able to distinguish DTX from decoding error, the eNB would only send sPDCCH to schedule a retransmission when the UE actually attempted a transmission before, so that sPDCCH resources do not need to be used redundantly.
[bookmark: _Toc465269528][bookmark: _Toc465866142][bookmark: _Toc466031159][bookmark: _Toc471744526][bookmark: _Toc473204172][bookmark: _Toc473204178][bookmark: _Toc477426137][bookmark: _Toc478138762][bookmark: _Toc478138962][bookmark: _Toc480369429][bookmark: _Toc481591012][bookmark: _Toc481739554][bookmark: _Toc481740112][bookmark: _Toc481740179][bookmark: _Toc478029347]In UL SPS, following legacy operation, UE transmits new data (if available) on configured SPS resources, unless sPDCCH is received scheduling a (adaptive) retransmission. 
Conclusion
In the previous section we made the following observations and propose:
Proposal 1	It is supported to configure SPS-configurations which address sTTIs.
Proposal 2	RAN2 to discuss whether a sub-pattern should be configurable, defining which sTTIs within an UL/DL SPS subframe are considered granted/assigned SPS-sTTIs (or whether all sTTIs within a subframe are considered in SPS).
Proposal 3	Following legacy behaviour for UL SPS with skip padding, MAC CE to confirm SPS activation are sent on the first granted UL resource after the activation.
Proposal 4	In DL/UL SPS with asynchronous HARQ, the HARQ process ID is derived from sTTI-number.
Proposal 5	In DL SPS, following legacy operation, UE attempts decoding of sPDCCH for potential overriding DL DCI. If no sPDCCH is found, UE expects transmission according to configured SPS assignment.
Proposal 6	In UL SPS, following legacy operation, UE transmits new data (if available) on configured SPS resources, unless sPDCCH is received scheduling a (adaptive) retransmission.
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