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1. Introduction
In RAN2#96 meeting, RAN2 discussed shorten TTI and made following agreements.
	Agreements:

· RAN2 will study the impacts of dynamic switching between legacy and sTTI on the MAC

· FFS if LCP procedures need to be changed and if multiplexing restrictions will be needed.  Wait for RAN1 to progress

· FFS if some logical channel should be given priority to use the sTTI and the mechanisms to achieve this

· Mac-ContentionResolutionTimer is in number of subframes regardless of which TTI length is used
· The unit for HARQ RTT timer counting is the TTI length of the TB that starts the timer


For the first bullet, this contribution gives our consideration on the impact of TTI length switching.  
2. Discussion
With sTTI introduction, there are two issues of TTI length switching needs to be addressed:
· Issue 1: How to solve the sTTI length ambiguity during sTTI length reconfiguration?
· Issue 2: How to solve the HARQ process number change during sTTI length reconfiguration?
In the following, we will discuss the above two issues.
· Issue 1: How to solve the sTTI length ambiguity during sTTI length reconfiguration by RRC?
In previous RAN1 meetings, the following agreements were reached regarding to the UL/DL sTTI configuration:
	RAN1#86bis
· The DL sTTI length of a UE is configured by RRC signaling.

· FFS on whether different DL sTTI lengths for a given UE can be configured for different serving cells or not.
· For the combination of sTTI for DL and UL, RAN1 chooses one to be supported among the following alternatives.

· Alt 1. {2,2}, {7,7}
· Alt 2. {2,2}, {2,4}, {7,7}
· Alt 3. {2,2}, {2,7}, {7,7}
· Alt 4. {2,2}, {2,4}, {2,7}, {7,7}
· Note: {a,b} denotes {DL sTTI length, UL sTTI length}.

· Note: DL sTTI length is used for sPDCCH and sPDSCH.

· Note: UL sTTI length is used for sPUSCH and sPUCCH corresponding to sPDCCH and sPDSCH, respectively.

· RAN1 study the necessity of {2,14} and/or {7,14} 

	RAN1#87
· For a user capable of supporting sTTI, the following {DL,UL} configurations are supported:

· {2,2} and {7,7}
· Working assumption on support of {2,7}. 

· The working assumption is to be confirmed in RAN1 #88 if no significant issues (including no obvious performance gain) are identified.




According to the above agreements, the DL sTTI length is configured by RRC. And it can also be deduced that the UL sTTI length can be also configured by RRC signaling or deduced by the DL sTTI length which depends on RAN1’s discussion. It implicitly indicated that no TTI length needed to be carried in the sPDCCH. But during the sTTI length reconfiguration, there may be sTTI length ambiguity period. How to solve the sTTI length misunderstanding issue should be considered. Take DL as example, which is shown in Figure-1. 
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Figure-1 the sTTI length ambiguity issue for sTTI length reconfiguration
In order to solve the sTTI length ambiguity issue, there are three possible methods:
· Option 1: Indicate the sTTI length in each sPDCCH;
· Option 2: Introduce the effective time for sTTI length reconfiguration, which is the active time for new TTI length;
· Option 3: Use legacy TTI/PDCCH/PSDCH for scheduling/data transmission during the ambiguity period.
For Option 1, considering at most three sTTI lengths {2, 4, 7} need to be indicated in the sPDCCH, 2-bit indication is enough.  The signaling overhead in each sPDCCH is not big, but it should be noted that the sTTI length should be carried in each sPDCCH, the total signaling overhead will be increased in proportion to the number of sPDCCH. The signaling overhead cannot be ignored. In addition, there is specification effort.
For Option 2, the effective time should be included in RRC reconfiguration signaling or specified in specification. How long the effective time should be defined needs further discussion. There is also specification effort. In addition, during the previous LTE discussion this method was discussed but due to the difficulty to give the timepoint, it was not agreed.
For Option 3, it is implementation issue and there is no specification effort. 
Considering sTTI length reconfiguration is not frequent, from the perspective of simplification, Option 3 is preferred.
Proposal 1: Legacy TTI/PDCCH/PDSCH/PUSCH can be used for scheduling during the ambiguity period of sTTI length reconfiguration.
· Issue 2: How to solve the HARQ process number change during sTTI length reconfiguration?

With the introduction of sTTI, how to model the HARQ should be discussed, e.g. whether the transmission using legacy TTI and sTTI can be within one HARQ entity and whether the retransmission of one HARQ process can be across TTIs. But it is RAN1 issue.
In addition, it is also unclear whether the supported maximum HARQ process number will be changed during sTTI length reconfiguration.
Proposal 2: Send LS to RAN1 to ask the two issues:
· What is the HARQ model for sTTI;
· Whether the supported maximum HARQ process number will be changed during sTTI length reconfiguration.
Assuming the supported maximum HARQ process number will be changed during sTTI length reconfiguration, two cases may be happened.
· Case 1: the supported maximum number of HARQ process is increased;
In this case, all the pending HARQ process can be going on without any problem.
· Case 2: the supported maximum number of HARQ process is reduced;
In this case, two possible methods can be considered for the pending HARQ process:
· Alt 1:  at least part of retransmission can continue;
· If the pending HARQ process number is less than the new process number, the retransmission can be continued with the introduction of the mapping between the old process ID and the new process ID.
· If the pending HARQ process number is large than the new process number, some retransmission can be stopped, others can be continued with the method listed in the above row.
· Alt 2:  Flush the HARQ buffer.
Considering the sTTI switching will be not frequent and it can be performed when there is no retransmission, Alt 2 is preferred for its simplification.
Proposal 3: During sTTI length reconfiguration, if the maximum HARQ process number is changed, two cases can be considered:
· In case of the number increasing, all the HARQ processes and context can be kept;
· In case of the number decreasing, flush all the HARQ buffer.
3. Conclusion

Based on the analysis in section 2, it is proposed:
Proposal 1: Legacy TTI/PDCCH/PDSCH/PUSCH can be used for scheduling during the ambiguity period of sTTI length reconfiguration.
Proposal 2: Send LS to RAN1 to ask the two issues:
· What is the HARQ model for sTTI.
· Whether the supported maximum HARQ process number will be changed during sTTI length reconfiguration.
Proposal 3: During sTTI length reconfiguration, if the maximum HARQ process number is changed, two cases can be considered:
· In case of the number increasing, all the HARQ processes and context can be kept;
· In case of the number decreasing, flush all the HARQ buffer.
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