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At the RAN1#84bis and #85 meeting, the following agreement and working assumption were achieved.
Agreement:
· It is recommended to support PHICH-less asynchronous UL HARQ for PUSCH scheduled in a short TTI (i.e. for sPUSCH)
Working assumption:
· It is recommended to support a design that is based on 2-symbol sTTI and 1-slot sTTI for sPDSCH/sPDCCH 
· It is recommended to support a design that is based on 2-symbol sTTI, 4-symbol sTTI, and 1-slot sTTI for sPUCCH/sPUSCH 
· During the WI phase, down-selection is not precluded
This paper will discuss the HARQ issues for both downlink and uplink when TTI length is changed between sTTI and 1ms TTI. Here, we summarize both sTTI and 1ms TTI as TTI.
TTI length reconfiguration
Generally, once IDLE UE gets service, UE will initiate random access procedure to eNB. Then, eNB will configure UE resource by RRC signaling or PHY signaling, in which TTI length is configured to UE as well. As in reference[1]-[2], TTI length could be sTTI if service in bearer are real-time applications, oppositely, if service is not so urgent or sTTI resource is limited, it could infer that 1ms TTI could be used. As both UE’s bearers and sTTI resource are able to vary, UE will possibly be reconfigured TTI length from 1ms TTI to sTTI, or from sTTI to 1ms TTI. 
Observation 1: to support flexible latency requirement of traffic and achieve reasonable resource utility, TTI length can be reconfigured between sTTI and 1ms TTI (semi-static or dynamic).
TTI reconfiguration was once discussed in eIMTA and HSPA. In eIMTA, for TDD UL-DL reconfiguration, HARQ timing is reset based on a reference table since transmission direction of some subframes is changed.  In HSPA, timer for TTI reconfiguration is sent to UE, UE will work at reconfigured TTI upon timer is expired, HARQ processes of UE will be mostly granted during the timer time.
In the following sub-section 2.1 and 2.2, we continue to discuss the HARQ issues both for downlink and uplink in two cases of TTI length reconfiguration.
· Case 1: TTI length is reconfigured from sTTI to 1ms TTI
· Case 2: TTI length is reconfigured from 1ms TTI to sTTI
Issues for DL HARQ when the TTI length is reconfigured
For DL HARQ, in figure.1, eNB sends TB to UE at TTI n, UE gives HARQ feedback at TTI n+k(k may be different in 1ms TTI and sTTI), eNB will retransmit TB if feedback is NACK. 
No matter cell specific reconfiguration or UE specific reconfiguration is used, reconfiguration boundary to apply reconfigured TTI length will located in a TTI. Usually, multiple HARQ processes will run in a UE, for one HARQ process, reconfiguration boundary will locate in a TTI where UE prepares to transmit HARQ feedback, for another HARQ process, reconfiguration boundary will locate in the same TTI where UE prepares to receive TB retransmission. Since HARQ retransmission is asynchronous, UE could receive TB retransmission in reconfigured TTI, thus, the reconfiguration has no impact on TB retransmission. However, as in case1(sTTI to 1ms TTI) and case2(1ms TTI to sTTI), TTI used for UE HARQ feedback has to be changed, details are shown in figure2.1 and figure2.2, UE HARQ feedback will possibly be located in a new TTI position with reconfigured length. 


Figure.1 DL HARQ for (s)TTI



                                          Figure.2.1                                                       Figure.2.2
In figure2.1 and figure2.2, there are multiple HARQ processes in UE. The sTTI for HARQ feedback is replaced by 1ms TTI, or 1ms TTI for HARQ feedback is replaced by sTTI, the issue is that HARQ feedback in both cases needs to be reconsidered. Basically, there are two way to deal with this HARQ feedback, one way is to disable HARQ process, the solution could be, for example, applying timer similar in HSPA, or eNB implementation. (If there is still HARQ process in UE, UE default behavior is to clear its processes once TTI is reconfigured by eNB). Another way is to continue HARQ process, the solution could be, for example, UE will redirect to new TTI for HARQ feedback. 
Observation 2: DL HARQ operation should be ensured as TTI length is changed.
Issues for UL HARQ when the TTI length is reconfigured
For UL HARQ, as in figure.3, step.1, UE will receive UL grant for TB transmission, step.2, UE will transmit TB on this UL grant, step.3, UE will receive eNB HARQ feedback(UL grant), step.4, UE will retransmit TB on its UL grant.  
No matter cell specific reconfiguration or UE specific reconfiguration is used, reconfiguration boundary to apply reconfigured TTI length will located in a TTI. Usually, multiple HARQ processes will run in a UE, for one HARQ process, reconfiguration boundary will locate in a TTI where UE prepares to  (re)transmit TB, for another HARQ process, reconfiguration boundary will locate in the same TTI where UE prepares to receive HARQ feedback(UL grant) from eNB. 
Here, we summarize transmission and retransmission in one figure, as in case1( sTTI to 1ms TTI) and case2(1ms TTI to sTTI), the TTI length reconfiguration has changed the TTI for UL data (re)transmission upon UL grant reception at UE, details are shown in figure.4.1 and figure.4.2, so UE TB (re)transmission timing needs to be reconsidered. 
For HARQ feedback, in case1( sTTI to 1ms TTI), 1ms TTI for PHICH will cover multiple sTTIs with HARQ ACK, the HARQ feedback also needs to be reconsidered. One issue could be seen here, when TTI is changed from sTTI to 1ms TTI, HARQ feedback from eNB needs to be considered. However, in case2(1ms TTI to sTTI), considering PHICH asynchronous UL HARQ is used in sTTI, UE will receive the UL HARQ feedback in PHICH-less channel, hence, the reconfiguration for case2(1ms TTI to sTTI) has no impact on UL HARQ feedback.


Figure.3 UL HARQ for (s)TTI



   
Figure.4.1                                                          Figure.4.2
As shown in figure4.1 and figure4.2, there are multiple HARQ processes in UE. The sTTI for UE TB (re)transmission is replaced by 1ms TTI, or 1ms TTI for UE TB (re)transmission is replaced by sTTI, one issue can be seen that UE TB (re)transmission in both cases needs to be reconsidered. Basically, there are two way to deal with this UE TB (re)transmission, one way is to disable this HARQ process, the solution could be, for example, applying timer similar in HSPA, or eNB implementation (If there is still HARQ process in UE, UE default behavior is to clear its processes once TTI is reconfigured by eNB). Another way is to continue this HARQ process, the solution could be, for example, UE TB (re)transmission will redirect to new TTI. 
Observation 3: UL HARQ operation should be ensured as TTI length is changed.
Based on above analysis, our proposal is:
Proposal: The impact of TTI is reconfiguration between sTTI and 1ms TTI should be investigated to ensure HARQ operation.
Conclusion
In this contribution, the HARQ procedure for TTI changing between sTTI and legacy TTI is discussed. Our observations and proposals are as follows:
[bookmark: _GoBack]Observation 1: to support flexible latency requirement of traffic and achieve reasonable resource utility, TTI length can be reconfigured between sTTI and 1ms TTI(semi-static or dynamic).
Observation 2: DL HARQ operation should be ensured as TTI length is changed.
Observation 3: UL HARQ operation should be ensured as TTI length is changed.
Proposal: The impact of TTI is reconfiguration between sTTI and 1ms TTI should be investigated to ensure HARQ operation.
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