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1 Introduction
In earlier RAN1 meetings, processing time reduction such as asynchronous UL HARQ, maximum TA value and the minimum timing for grant-to-sPUSCH and sPDSCH-to-ACK have been discussed and agreements have been achieved for WI recommendations[1][2]. In this contribution, we present our views on processing time reduction for sTTI and related procedures.   
2 Discussion  
2.1 Considerations on HARQ/scheduling timing As agreed in RAN1 #86, the UL TTI length is better to be no shorter than the DL TTI length. To meet different coverage and latency requirements, all possible DL/UL sTTI combinations, i.e., {2,2}, {2,4}, {2,7}, {7,7} should be supported in this WI. In the following we will present our views on HARQ/scheduling timing for different combinations. 
Same sTTI lengths on DL and UL
As recommended in SI, the minimum timing for grant-to-sPUSCH and sPDSCH-to-ACK is configured as n + k sTTI, where 4≤k≤8. Because the processing time is in general not proportional to TTI length due to nonlinear complexity in processing like TA and channel estimation, the minimum timing value k might not be in linear with TTI length. For both combinations {2,2} and {7,7}, the exact value k for grant-to-sPUSCH and sPDSCH-to-ACK, where 4≤k≤8, needs further determined based on shortened processing time.
Observation 1: The minimum timing value k for grant-to-PUSCH and for PDSCH-to-ACK is the function of TTI length. 
For combination {2,2}, the minimum timing value k may also depends on sTTI pattern, e.g., whether sTTI would span over a slot or not. 
Different sTTI lengths on DL and UL
When the sTTI lengths on DL and UL are different, the formulation of the minimum timing n+k is not sufficient to identify the exact timing, which needs further clarification rules to be designed. 
The rule for grant-to-sPUSCH timing is: For the given minimum processing time k, the sPUSCH transmitted in UL sTTI (n+k) is scheduled by the last DL sTTI whose sTTI interval fully overlaps within that of UL sTTI n. 
Figure 1 shows such grant-to-PUSCH timing for combination {2,4} (2-symbol TTI on DL and 4-symbol TTI on UL) and k=4. The sPUSCH in sTTI {#0, #1, #2, #3} in subframe #(x+1) is scheduled by DL sTTI {#1, #2, #4, #6} in subframe #x respectively. Here DMRS sharing/multiplexing is assumed for 4-symbol sTTI. The same rule is applicable to combination {2,7}.  
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Figure 1 Timing for grant-to-PUSCH with k=4 for combination {2,4} 
The rule for sPDSCH-to-ACK timing is: For the given minimum processing time k, the HARQ-ACK for the sPDSCH transmitted in DL sTTI n is transmitted in the first UL sTTI that is later than DL sTTI (n+k-1) and does not overlap with any part of DL sTTI (n+k-1).
Figure 2 shows such PDSCH-to-ACK timing for combination {2,4} with k =4.   
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Figure 2 Timing for PDSCH-to-ACK with k=4 for configuration {2,4}
It can be seen that both rules mentioned above for "different sTTI lengths on DL and UL" case can take "same sTTI lengths on DL and UL" as a special case. It also should be clarified that the two rules mentioned above is for FDD only. 

Observation 2: If sTTI lengths are different between DL and UL in FDD, additional rules are needed to identify HARQ timings. 
Furthermore, the HARQ/scheduling timing should be fixed for a certain DL/UL sTTI combinations. For sPDSCH-to-ACK timing, it will incur resource waste if the timing is dynamically configured. For example, it needs to reserve more HARQ-ACK channel resources on sPUCCH, otherwise it may lead to channel resource conflicts. For grant-to-sPUSCH timing, the fixed timing means the timing from UL grant to the DMRS of sPUSCH is fixed. Take DMRS sharing structure for 2-symbol UL sTTI as an example, the timing from UL grant to DMRS is fixed but the relative positions between DMRS and its sPUSCH can be indicated dynamically, which is analyzed in our contribution [3] in detail.   
Observation 3: The timing for grant-to-sPUSCH and sPDSCH-to-ACK should be fixed for a certain DL/UL sTTI combinations.   
2.2 Processing time reduction for sPUSCHIn current specification, channel interleaving of PUSCH is performed for the coded bits. The interleaver has the write-in and read-out by different orders between rows and columns, so that the systematic bits are spread over all SC-FDMA symbols within the TTI, and eNB may decode the data only after it receives all the SC-FDMA symbols of the TTI. This becomes a disadvantage in the processing delay reduction. Therefore, we propose that the coded bits of sPUSCH are written into the interleaver matrix and then read out in the same manner. That is equivalent to say, the coded bits are mapped to the resource elements by subcarrier first, then on a symbol-by-symbol basis. Figure 3 gives an example for illustration. 
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Figure 3 Resource mapping for sPUSCH
The performance impact of the proposed mapping scheme, which equivalently has no interleaving effect on sPUSCH, should be small because sTTI has much less time diversity than legacy TTI. With this method, eNB is allowed to decode the data before receiving all symbols of the TTI. The processing time of eNB is decreased. Since PHICH-less asynchronous UL HARQ is supported for sTTI, both feedback delay and retransmission delay are reduced.
Proposal 1: For sPUSCH, the output bits of channel coding are mapped to the resource elements by subcarrier first, then on a symbol-by-symbol basis in the order of time.

2.3 Impact of TA on UL processing
It was agreed that the maximum TA should be reduced for short TTI operation. Because the TTI length impacts the coverage, i.e., coverage shrinks when TTI length becomes shorter, the maximum TA can be defined to be 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 2 lists the maximum TA for different TTI length. When TTI lengths for uplink and downlink are different, the maximum TA can be defined based on the UL TTI length.  This is because maximum TA mainly depends on the coverage, which is generally UL limited.
Table 2 Maximum TA for different TTI length
	TTI length
	Max TA/
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	1ms
	667.7

	7 symbols
	333.9

	4 symbols
	190.8

	2 symbols
	95.4


Proposal 2: The maximum TA is defined to be proportional to the TTI length.
3 Conclusion

In this contribution, we discussed several issues related with processing time reduction and related procedures, and reach the following observations and proposals:
Observation 1: The minimum timing value k for grant-to-PUSCH and for PDSCH-to-ACK is the function of TTI length. 

Observation 2: If sTTI lengths are different between DL and UL in FDD, additional rules are needed to identify HARQ timings. 

Observation 3: The timing for grant-to-sPUSCH and sPDSCH-to-ACK should be fixed for a certain DL/UL sTTI combinations.   
Proposal 1: For sPUSCH, the output bits of channel coding are mapped to the resource elements by subcarrier first, then on a symbol-by-symbol basis in the order of time.

Proposal 2: The maximum TA is defined to be proportional to the TTI length.
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