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1 Introduction
In RAN#67, the SI of latency reduction was approved, which aims to study enhancements to the E-UTRAN radio system in order to [1]: 
· Significantly reduce the packet data latency over the LTE Uu air interface for an active UE.
· Significantly reduce the packet data transport round trip latency for UEs that have been inactive for a longer period (in connected state).
In RAN1#84bis meeting, there are following agreements [2]:

Agreements:

· It is recommended to support PHICH-less asynchronous UL HARQ for PUSCH scheduled in a short TTI (i.e. for sPUSCH)

· If DL data transmission is scheduled in a short TTI, the processing time for preparing the HARQ feedback by UE and the processing time for preparing a potential retransmission by eNB are assumed to be reduced

· FFS: the extent of processing time reduction

· If UL data transmission is scheduled in a short TTI, the processing time for preparing UL data transmission upon UL grant reception at UE and the processing time for scheduling a potential retransmission by eNB are assumed to be reduced

· FFS: the extent of processing time reduction

· Study whether it is beneficial to limit the maximum TA value supported in conjunction with latency reduction

· Note that this would restrict the deployment scenarios for latency reduction. 

· FFS whether processing time reductions can also be applied to legacy TTI transmissions for UEs that support short TTI
This contribution discusses processing time reduction and related procedures. 
2 Discussion 
2.1 Considerations on HARQ timing and sTTI lengthIn current LTE FDD, if the UE detects a PDSCH in subframe n-4, it should send a HARQ-ACK in subframe n. Similarly, an HARQ-ACK received by PHICH in subframe n is associated to PUSCH transmission in subframe n-4. The delay of 4 subframes of data-to-ACK/NACK provides large potentials in latency reduction. 
Same sTTI lengths for DL and ULFor DL HARQ for sPDSCH, HARQ timing can be simply defined as n+k*TTI in the case of same sTTI lengths for DL and UL. If the processing time of eNB/UE can be assumed to scale with the TTI length, k=4 can be kept. Two typical cases are 4-3-symbol or 2-symbol TTI for both DL and UL. As an example shown in Figure 1, HARQ timing of 4-3-symbol TTI is presented. If sPDSCH is transmitted in sTTI n, HARQ-ACK feedback for PDSCH will be in sTTI n+4.  
For UL HARQ for sPUSCH, PHICH-less asynchronous UL HARQ for sPUSCH is recommended in RAN1#84bis meeting in [2]. But the minimum time spacing between sPUSCH transmission and DL HARQ feedback shall also be no larger than j*TTI. Similarly, j is 4 in the case of same sTTI lengths for DL and UL and the processing time of eNB/UE scaling proportionally with the TTI length. 
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Figure1. HARQ timing of 4-3-symbol TTI for both DL and UL
However, since channel estimation time, coding/decoding time and CPRI delay may not scale with the TTI length, the processing time of eNB/UE can hardly scale proportionally with TTI shortening. That means the values of k and j mentioned above may be larger than 4 and need to be further studied.  

Observation 1: In the case of same TTI lengths for DL and UL, DL HARQ for sPDSCH can be simply defined as n+k*TTI and the minimum time spacing between sPUSCH transmission and DL HARQ feedback shall also be no larger than j*TTI.  The values of k and j are FFS. 
Different sTTI lengths for DL and ULFrom an implementation standpoint, HARQ timing could be complicated if the TTI lengths of DL and UL are different. It will also increase system complexity for the TTI of DL and UL are not aligned. In the perspective of latency reduction, different TTI lengths for DL and UL may be also disadvantageous. For example, 2-symbol sTTI for DL and 7-symbol sTTI for UL, UL feedback delay would get larger compared to both 2-symbol sTTI for DL and UL. 

Proposal 1: It is preferable to keep the same TTI lengths for DL and UL to have simple HARQ timing and lower system complexity and latency. 
According to the evaluations in [4,5,6], 2-symbol and 4-3-symbol sTTI have significant mean UPT gain and are better than 7-symbol sTTI in most cases. Therefore, at least 2-symbol and 4-3-symbol sTTI should be supported, preferably keeping the same TTI lengths for DL and UL. 

 Proposal 2: At least 2-symbol and 4-3-symbol sTTI should be supported. 
2.2 Latency reduction for uplinkFor uplink in current specification, channel interleaving is performed for the coded bits. In the channel interleaver, the coded bits are written into the interleaver matrix by the increasing order of first the column number, then the row number. In this way, the system bits are spread to all SC-FDMA symbols of the TTI, and eNB can decode the data only when it receives all the SC-FDMA symbols of the TTI. It is disadvantageous for reduction of the processing delay. Instead, we propose that the coded bits are written into the interleaver matrix by the increasing order of first the row number, then the column number. That is, the coded bits are mapped to the resource elements by each SC-FDMA symbol in the order of time domain. With this scheme, UL and DL bit mapping can be aligned.
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Figure2. Proposed channel interleaver for sPUSCH
The performance impact of the proposed mapping scheme is very small, considering sTTI have much less time diversity than that for normal TTI. Using this method, it is possible for eNB to decode the data before receiving all symbols of the TTI. In addition, if the code rate in one symbol is less than 1, eNB could decode the data after receiving the first symbol of data.

Proposal 3: For sPUSCH, the coded bits are mapped to the resource elements by each SC-FDMA symbol in the order of time.
2.3 Impact of TA on UL processing
In current specification, the maximum TA is 20512Ts, i.e. 667.7
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 is equivalent to 5 TTIs. TA is not reduced in proportional to the TTI length, so it will have impact on
· The timing between UL grant and sPUSCH
· The timing between sPDSCH and HARQ-ACK 
In order to decrease the processing delay of UE, maximum TA could be specified. For example, maximum TA is defined in proportional to the TTI length. Here, CPRI delay is included. Depending on the distance between BBU and RRU, the CPRI delay is tens to hundreds microseconds. Table 1 lists the maximum TA for different TTI length.
Table 1
	TTI length
	Max TA/
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	1ms
	667.7

	7 symbols
	333.9

	4 symbols
	190.8

	3 symbols
	143.1

	2 symbols
	95.4


Alternatively, since both UE’s processing ability and TA may be different, it can be considered that eNB configure the timing.

Proposal 4: For shorter TTIs, maximum TA could be specified, or eNB could configure the timing according to UE’s processing ability and TA.
3 Conclusion

In this contribution, we discussed several issues related with processing time reduction and related procedures. The latency reduction should take consideration in the above listed area to make it feasible. According to the analysis given above, we have the following observations and proposals:
Observation 1: In the case of same TTI lengths for DL and UL, DL HARQ for sPDSCH can be simply defined as n+k*TTI and the minimum time spacing between sPUSCH transmission and DL HARQ feedback shall also be no larger than j*TTI.  The values of k and j are FFS.  

Proposal 1: It is preferable to keep the same TTI lengths for DL and UL to have simple HARQ timing and lower system complexity and latency. 

Proposal 2: At least 2-symbol and 4-3-symbol sTTI should be supported. 
Proposal 3: For sPUSCH, the coded bits are mapped to the resource elements by each SC-FDMA symbol in the order of time.
Proposal 4: For shorter TTIs, maximum TA could be specified, or eNB could configure the timing according to UE’s processing ability and TA.
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