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1. Introduction
At the RAN1#84bis meeting, processing time reduction and related procedures for shortened TTI was discussed, and following agreements were achieved [1].
	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




In this contribution, we present our views on FFS aspects of processing time reduction and related procedures for shortened TTI.
2. Processing time for the UE configured with short-TTI
For FDD LTE, 4ms HARQ/scheduling latency is specified, and for TDD LTE, 4ms HARQ/scheduling latency is the baseline and the exact latency not less than 4ms is up to how UL and DL resources are allocated in time (i.e., UL-DL configuration). With a short-TTI, it is essential to reduce DL/UL HARQ/scheduling latency compared to legacy 4ms-based timing so that latency reduction gain is well achievable. The question is how much extent these latencies are expected to be reduced.
The main concern on this processing time reduction seems that the higher implementation challenge would be expected to reduce processing time, compared to supporting short-TTI channel structures. If that is the case, there are two ways to address it:

Option 1: Introduce various short-TTI lengths, but for each of them, single HARQ/scheduling timing (linearly scaled from legacy TTI length) is defined.

Option 2: Introduce various HARQ/scheduling timing for UEs using a certain short-TTI length.

If the UEs configured with the same short-TTI length have the same HARQ/scheduling timing (i.e., option 1 as shown in Fig.1 (a)), eNB can manage HARQ/scheduling time-line among UEs according to which short-TTI length or legacy TTI length the UEs are configured with, assuming that the HARQ/scheduling timing would still be implicit and not flexible. For example, UEs configured with a certain length of short-TTI and scheduled at the same DL control channel timing have the same UL data transmission and/or DL HARQ-ACK feedback timing. 
It is also possible that the UEs configured with the same short-TTI length could have different HARQ/scheduling timings (i.e., option 2 as shown in Fig.1 (b)). Since eNB is required to manage all HARQ/scheduling time-line per UE-basis in this case, there is no strong reason to keep implicit HARQ/scheduling timing which has been adopted from Rel. 8. Therefore, if option 1 will be the feasible way, then explicit signaling of HARQ/scheduling timing can be considered. This offers additional flexibility to eNB scheduler when the cell accommodates various types of UEs.
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(a) Single HARQ/scheduling timing for a given short-TTI length.
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(b) Various HARQ/scheduling timings for a given short-TTI length.

Fig. 1
HARQ/scheduling timing for different TTI lengths. 
Based on the above discussion, we propose the following:
Observation 1:
· In order to address concern on processing time reduction, following options should be considered:

· Option 1: Introduce various short-TTI lengths and for each of them, single HARQ/scheduling timing (linearly scaled from legacy TTI length) is defined.
· Consider implicit HARQ/scheduling timing.
· Option 2: Introduce various HARQ/scheduling timing for UEs using a certain short-TTI length.
· Consider explicit HARQ/scheduling timing.
3. Maximum TA value supported in conjunction with latency reduction
Maximum TA in LTE is 666.7us, which corresponds to 100km distance. In general, UL sTTI loses link-budget due to less number of RS symbols and/or data symbols and hence, 100km distance becomes not realistic. Therefore, at least for UL sTTI operation the maximum TA value can be reduced. Simple way is to reduce the maximum TA value linearly according to UL sTTI length. For example, with 7-symbol and 4-symbol UL sTTI, maximum TA value could be 333.4us (50km) and 166.7us (25km), respectively. 
Observation 2:
· At least for UL sTTI, maximum TA value can be reduced.
4. Conclusion
In this contribution, we discussed FFS aspects of processing time reduction and reached following proposal.
Observation 1:
· In order to address concern on processing time reduction, following options should be considered:

· Option 1: Introduce various short-TTI lengths and for each of them, single HARQ/scheduling timing (linearly scaled from legacy TTI length) is defined.
· Consider implicit HARQ/scheduling timing.
· Option 2: Introduce various HARQ/scheduling timing for UEs using a certain short-TTI length.
· Consider explicit HARQ/scheduling timing.
Observation 2:
· At least for UL sTTI, maximum TA value can be reduced.
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