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1 Introduction

In the WI on Short TTI and reduced processing [1], reduced processing time for 1ms TTI should be specified. In RAN1#86 the following agreements among others were made.

· For FS1,2&3, a minimum timing n+3 is supported for UL grant to UL data and for DL data to DL HARQ for UEs capable of operating with reduced processing time with only the following conditions: 

· A maximum TA is reduced to x ms, where x <= 0.33ms (exact value FFS); 

· At least when scheduled by PDCCH 

· PHICH-less asynchronous HARQ for UL is used for 1 ms TTI with shortened processing time 
· For FS1 and FS2, bit fields are defined in the applicable DCI messages to indicate HARQ processes ID and RV 
· No change in FS3 asynchronous UL HARQ operation
During the SI on Short TTI and reduced processing the following was agreed and included in the TR [2]. 

For PUSCH transmission in sTTI (sPUSCH for short TTI), a UE can be dynamically (with a subframe to subframe granularity) scheduled with PUSCH and/or sPUSCH.
The minimum timing for UL grant to UL data and for DL data to DL HARQ is n + k sTTI for short TTI operation;

-
Processing time >= the legacy processing time linearly downscaled with TTI length

-
4 <= k <= 8

-
Note that sTTI refers to 

-
sPUSCH sTTI for the UL grant to UL data timing 

-
sPDSCH sTTI for the DL data to DL HARQ feedback timing

In this contribution, we discuss the HARQ process operation when switching between 1ms TTI operation with and without reduced processing time and short TTI operation
2 Discussion
2.1 Dynamic switching between 1ms operation and short TTI

The link and system level evaluation campaign [2] highlighted that short TTI is beneficial in terms of user throughput but may also have negative impact on spectral efficiency and UL coverage in certain situations. It is thus important that the eNB is able to change quickly between short TTI operation and 1ms TTI operation for a given UE. Since this is a scheduling decision, the change between sPUSCH and PUSCH or between sPDSCH and PDSCH should occur as often as in every subframe. This has been agreed for sPUSCH and PUSCH during the SI (agreement copied in section 1) and this behaviour can be extended to downlink. 
According to the agreements taken so far for sTTI operation, it can be observed that sTTI will not be used in combination with all features defined for the 1ms TTI. For example, up to 8 MIMO layers are supported with 1ms TTI currently, while in [2] it was recommended to support sTTI operation with up to 4 layers for CRS based transmission modes. It is likely that even fewer layers will be supported for sTTI operation with DMRS based transmission modes due to DMRS overhead. A dynamic switching between sTTI and 1ms TTI in DL can therefore allow the dynamic usage of features not supported with sTTI according to traffic and channel conditions. As an example the eNB could schedule a UE back to 1ms TTI to be able to transmit a higher number of layers to a UE depending on the reported CSI. 

Switching between 1ms and short TTI operations may also be dictated by the traffic type. In case of eMBB traffic, it is beneficial to use sTTI operation during the TCP slowstart to accelerate this phase and converge faster to the actual throughput provided by the radio link. After the TCP slowstart short TTI does not provide any obvious benefit over 1ms TTI for eMBB traffic and instead induces larger overhead (control and potentially DMRS). It is thus more favourable to switch to 1ms TTI operation to enjoy larger data rate. 

Proposal 1 A UE can be dynamically (with a subframe to subframe granularity) scheduled with PDSCH and/or sPDSCH.
2.2 HARQ process handling when switching from sTTI to 1ms operation
In FS1, 8 HARQ processes are available for the legacy n+4 timing. With n+3, 6 HARQ processes are sufficient but they require a HARQ process number HPN field of 3 bit which results in the availability of 8 HARQ processes.
For short TTI operation, a minimum timing between n+4 and n+8 was agreed in [1], meaning that at most 16 HARQ processes would be needed. The minimum timing for the 2os sTTI operation is likely to be larger than n+4 due to the fixed component of the processing delay that do not scale linearly with the TTI length. This means that DCI for sTTI operation will likely contain a HPN field of 4 bit for the HARQ process allowing thus the scheduling of up to 16 HARQ processes.

When switching from short TTI to 1ms TTI, as currently specified, the number of available HARQ processes goes from 16 to 8. This means that half of the HARQ processes cannot be scheduled anymore. Any remaining data in the HARQ buffers that cannot be scheduled anymore will be lost, resulting in need for a (slow) RLC retransmission. With a typical setting of the RLC poll timer of 45ms, the introduced delay for the retransmission will be high. This will degrade latency performance for those users, which is especially harmful for latency-critical users and destroys entirely the intention of sTTI operation. For TCP users, higher latency negatively affects the achievable throughput, especially during the TCP slowstart phase. Considering that the switching from short TTI to 1ms TTI and vice versa can happen very dynamically (which is why the scheduler-level-switch is introduced), data loss induced by the switching should be avoided. A simple way to avoid it is to define the HPN field with 4 bit for 1ms TTI. 
Observation 1
Reducing the number of HARQ processes (from sTTI with 16processes switched to TTI with 8 processes) leads to severe performance degradation due to inevitable data loss on HARQ. 
A HPN field is available in both DL and UL DCIs for 1ms TTI with n+3 timing, but it is only available in DL for 1ms TTI with n+4 timing. The 1ms TTI operation with n+4 timing uses synchronous UL HARQ. To keep synchronous UL HARQ and avoid the introduction of a HPN field in the UL DCI of 1ms TTI operation with n+4 timing, a mapping between subframe and the 16 HARQ process ID can be defined. This would enable to schedule any potential remaining data in the HARQ buffers in the corresponding subframes after a switch from sTTI to 1ms TTI with n+4 timing. But this mapping will create additional delay to serve remaining data in HARQ buffer compared to introducing a HPN field. In the worst case the delay can be 15ms to serve a given HARQ process while it would be 1ms with the introduction of a HPN field. Since asynchronous UL HARQ is supported for 1ms TTI with n+3 timing, it can also be supported for n+4 timing in case a UE is configured with sTTI operation.
Proposal 2 

Support asynchronous UL HARQ for 1ms TTI operation with n+4 timing and for UEs configured with sTTI operation

Proposal 3 

Introduce a HPN field of 4 bits in UL and DL DCI of 1ms TTI operation

3 Conclusion

In section 2 we made the following observations: 

Observation 1 
Reducing the number of HARQ processes (from sTTI with 16processes switched to TTI with 8 processes) leads to severe performance degradation due to inevitable data loss on HARQ. 
Based on the discussion in section 2 we propose the following: 

Proposal 2 A UE can be dynamically (with a subframe to subframe granularity) scheduled with PDSCH and/or sPDSCH.
Proposal 3 Support asynchronous UL HARQ for 1ms TTI operation with n+4 timing and for UEs configured with sTTI operation
Proposal 4 Introduce a HPN field of 4 bits in UL and DL DCI of 1ms TTI operation
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