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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. 

Since asynchronous HARQ operation has been agreed for 1 ms operation with reduced processing time (RAN1#86), see below, there is no requirement in the specification relating to eNB processing.
Still it is of interest to reduce the processing to the extent possible. One means of doing so is by removing the channel interleaver, which is discussed in this paper.
	Agreement:

· 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


2 Discussion
2.1 Reduced processing 
The UL channel interleaver is used to spread the coded information bits in the time and frequency domain, and thereby, increase the robustness of UL data transmission to varying conditions, such as high mobility scenarios, or bursty interference. 

One drawback of spreading out the coded information in time is that this prevents UE and eNB to do on‑the‑fly transmission/reception of the UL transport block. That is, it is only after the full block has been encoded/received that the transmitter/receiver can construct the signal to transmit / decode the block.

The potential reduction in processing time is also dependent on the processing required prior to starting decoding, such as channel estimation and demodulation. Specifically, the channel estimation implementation will have an impact on the processing benefits. The UL structure for PUSCH is shown in Figure 1.
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Figure 1: UL 1 ms TTI subframe structure
If the channel estimation is for example performed jointly over the two DMRS symbols so that the demodulation cannot start until after symbol index 10, the reduction in processing is diminished compared to starting it after the first DMRS symbol in symbol index 3.
2.2 Performance impact
The performance impact of removing the channel interleaver has been evaluated in a sensitivity limited scenario.
Figure 1 shows the BLER performance for UL data transmission with and without channel interleaver, under EVA Low channel model with speed of 120 km/h. Three different MCS are considered, with MCS_idx = 3, 14, and 21 corresponding to QPSK R=1/3, 16QAM R=3/4 and 64QAM R=5/6 respectively. We see that for high mobility scenarios and with low MCS, turning off channel interleaver will not affect the BLER performance. For high MCS cases, turning off channel interleaver will lead to around 0.6 dB SNR loss at the 10% BLER target. Therefore, in most cases, in a sensitivity limited scenario it is ok to remove the channel interleaver to further reduce the processing time in both eNB and UE.
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Figure 2: PUSCH performance with and without the interleaver
The above simulation results are encouraging, but it should be noted that they are only carried out in a sensitivity limited scenario. The high mobility simulated will cause variations in the wanted signal which is also seen to have a performance impact. However, interference not fully overlapping with the wanted signal, and/or coming from different UEs, would have an impact to the experienced variations in the SINR, which can exceed the variations seen in a high mobility scenario. The possible impact from this should also be quantified before deciding on removing the UL channel interleaver. 
Observation 1 Removing the interleaving in UL could facilitate reduction in processing time.
Observation 2 Minor demodulation performance degradation is visible at high speed and with high MCS when removing the UL interleaver in a sensitivity limited scenario
Observation 3 Interference scenarios have not been evaluated, but could influence the conclusions from the sensitivity evaluation

Proposal 1 Consider removing the UL interleaver for UEs served with 1ms TTI and n+3 timing
3 Conclusion

In section 2 we made the following observations:
Observation 1
Removing the interleaving in UL could facilitate reduction in processing time.
Observation 2
Minor demodulation performance degradation is visible at high speed and with high MCS when removing the UL interleaver in a sensitivity limited scenario
Observation 3
Interference scenarios have not been evaluated, but could influence the conclusions from the sensitivity evaluation


Based on the discussion in section 2 we propose the following:
Proposal 1
Consider removing the UL interleaver for UEs served with 1ms TTI and n+3 timing
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