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1. Introduction
Based on the outcome of RAN#67 captured in the SI description in RP-150465, the following items have been identified specifically for RAN1 studies on TTI shortening and reduced processing times:
· Assess specification impact and study feasibility and performance of TTI lengths between 0.5ms and one OFDM symbol, taking into account impact on reference signals and physical layer control signaling 
· Backwards compatibility shall be preserved (thus allowing normal operation of pre-Rel 13 UEs on the same carrier);
In this contribution, we present our design considerations on UL HARQ for supporting latency reduction. Other considerations with respect to DL HARQ and TDD HARQ can be found in our companion contributions in [1][2] respectively. 

2. UL HARQ  
Considering the shorter TTI, one of the issues related to PUSCH operation is the UL HARQ procedure. The legacy UL HARQ is operated in a synchronous manner as shown in Figure-1, where both the DL feedback transmission (on PHICH or implicitly with an UL grant) and the PUSCH re-transmission are received at a fixed timing, 4 subframes, after the corresponding PUSCH transmission and DL feedback transmission. The UL HARQ process ID can be implicitly derived based on the timing of PUSCH transmissions. The reason for the 4-subframe delay between the transmission of an ACK/NACK message on PHICH, or an UL grant, and the corresponding PUSCH retransmission is due to the processing time budget assumption around 3 ms considered at both eNB and UE receiver. 


Figure 1: Legacy UL HARQ Operation

Moreover, generally legacy DL PHICH channel is always present in each TTI length of 1ms. Considering the case of non-adaptive UL HARQ in FDD LTE, the legacy PHICH channel is available in each subframe (N+4) after the initial or retransmission of PUSCH. However, for shorter TTI (sTTI), taking the slot level sTTI as an example, legacy DL PHICH channel is only present in the 1st-slot (in the legacy DL control region). This obviously means that the UL HARQ feedback cannot be carried in the 2nd slot without further enhancing PHICH for sTTI. Therefore the DL PHICH channel would need to be enhanced if synchronous non-adaptive UL HARQ was supported with sTTI operation.
Observation1: PHICH enhancements would be required if synchronous non-adaptive UL HARQ was supported with low latency operation. 

Assuming that synchronous UL HARQ is used for sTTI operation, the ACK/NACK messages from different TTI lengths mapping to the legacy PHICH would very likely collide due to limited capacity of PHICH, especially for extremely short sTTI. 
One possible solution for HARQ-ACK transmission with synchronous UL HARQ is to have new/separated DL ACK/NACK resources reserved for sTTI outside of the legacy DL control region, for example by introducing new sTTI PHICH channel. However, corresponding overhead will have a great impact to the performance of sTTI, especially for the 1st slot of legacy TTI where typically the legacy control region already contributes a major part to the downlink overhead. Furthermore, depending on the design of sTTI PHICH channel, it might also impose scheduling restrictions or performance degradation for the legacy UEs as those are obviously not aware of any new sTTI specific channel. Moreover, we note that that the original motivation for PHICH was DL overhead reduction. New PHICH supporting sTTI may lead to degradation of efficiency due to multiplexing with legacy UEs. 
On the other hand, the utilization of asynchronous UL HARQ has been agreed in Rel-13 eMTC, and has also been identified in the LAA Rel-13 SI as a promising candidate. Furthermore, applying sTTI operation on LAA cells would have certain benefits, and hence it would make sense to take LAA operation into account when the decision on the UL HARQ operation for sTTI is made. Additionally, compared with the legacy synchronous UL HARQ, asynchronous UL HARQ operation could provide more flexibility for the eNB in scheduling PUSCH retransmissions. Therefore we believe that asynchronous UL HARQ for sTTI should be considered. Additional control signaling overhead related to asynchronous UL HARQ, for example UL HARQ process ID or RV, shall be further investigated due to limited DL sTTI DCI payload size.  



Figure 2: Asynchronous UL HARQ vs. legacy synchronous UL HARQ 

A potential way of applying asynchronous UL HARQ with sTTI operation is shown in Figure 2 by using the legacy synchronous UL HARQ timing as a reference. The x-axis is shown as the time stamp reference with scaling factor (f) corresponding to the applied TTI length. Compared with legacy synchronous UL HARQ, the timing between PUSCH transmission and UL HARQ feedback transmission is not fixed for asynchronous UL HARQ. A potential drawback of asynchronous UL HARQ is additional DL control overhead, as for example the indication of UL HARQ process ID or RV with the DCI UL grant may be required. However, whether this is a real issue or not need to be studied further.
Furthermore, to avoid UL resource fragmentation and collision with PRACH resources, legacy UL HARQ also supports adaptive retransmissions using UL grants. Compared with non-adaptive UL HARQ, adaptive UL HARQ can provide extra flexibility in PUSCH re-transmission. On the other hand, the overhead introduced and carried in the DL DCI is also higher than with non-adaptive UL HARQ. As stated in our companion contribution in [3], the overhead caused by sTTI can cause a great impact on sTTI performance. Whilst the overhead issue related to asynchronous UL HARQ should be further studied, the overhead caused by UL grants and other messages can be compensated by fast ACK otherwise the gain of latency reduction cannot be achieved sufficiently. 
Observation2: Asynchronous adaptive UL HARQ is more flexible in terms of PUSCH operation and could enable additional UL latency reduction compared to synchronous non-adaptive UL HARQ. 

To summarize the discussions here, we think that asynchronous UL HARQ operation will have clear merits considering the sTTI operation and therefore should be strongly considered as the UL HARQ operation mode for short TTIs.
Proposal-1: Asynchronous UL HARQ should be considered for supporting sTTI operation.

4. Summary
Based on the discussion in above, we have the following observation and proposals:
Observation1: PHICH enhancements would be required if synchronous non-adaptive UL HARQ was supported with low latency operation. 
Observation2: Asynchronous adaptive UL HARQ is more flexible in terms of PUSCH operation and could enable additional UL latency reduction compared to synchronous non-adaptive UL HARQ. 
Proposal-1: Asynchronous UL HARQ should be considered for supporting sTTI operation.
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