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Introduction
In RAN2#96 meeting, RAN2 discussed the shorten TTI and made the 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



Regarding to the first bullet in the above table, two issues 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 during sTTI length reconfiguration?
In this contribution, we give our consideration on the above two issues.
Discussion
Ambiguity issue due to sTTI length reconfiguration
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.


	RAN1#88
· Confirm working assumption on support for {DL,UL} sTTI combination {2,7}.
· The UE is configured by higher layers to operate one of the following sTTI combination {DL, UL} within a PUCCH group: {2, 2}, {2, 7} and {7, 7}
· FFS whether different sTTI combination can be configured for different PUCCH group

	RAN1#88bis
· Different DL sTTI length can be configured for the serving cells across different PUCCH groups for which sTTI operation is configured
· FFS: If different UL sTTI lengths can be configured for the serving cells across different PUCCH groups for which sTTI operation is configured


According to the above agreements, it is obvious that the UL/DL sTTI length is configured by RRC. Hence, during the sTTI length reconfiguration, there will be sTTI length ambiguity period between eNB and UE. During the sTTI length ambiguity period, eNB does not know when the new sTTI length configuration will take effect in the UE. This issue is shown in the following Figure-1.



Figure-1 sTTI length ambiguity issue during 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;
· Option 3: Use legacy TTI/PDCCH/PSDCH for scheduling/data transmission during the ambiguity period.
For Option 1, current RAN1 does not support sTTI length indication in sPDCCH, it can be excluded first.
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 specification effort. In addition, during the previous LTE discussion this method was also discussed to solve the similar eNB/UE ambiguity issue during the RRC reconfiguration procedure, but due to the difficulty to give the time point, it had not been accepted.
For Option 3, considering UE supporting sTTI will always monitor the legacy TTI length. Hence it is feasible. And it is only implementation issue, there is no specification effort. 
Considering sTTI length reconfiguration is not frequent, from the perspective of simplification, Option 3 is more attractive.
Proposal 1: Legacy TTI/PDCCH/PDSCH/PUSCH can be used for scheduling during the ambiguity period of sTTI length reconfiguration.
HARQ process handling during sTTI length reconfiguration
For the HARQ process handling, RAN2 mainly focus on the HARQ model and whether HARQ process can be loss-less during the sTTI length reconfiguration.  It mainly corresponds to the following two issues:
· HARQ model
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;
· Whether the transmission using different sTTI can be within one HARQ entity.
· HARQ process retransmission
During the sTTI length reconfiguration, whether the HARQ process pending before reconfiguration can be retransmitted should also be considered. Based on the current LTE RAN1 spec, the soft buffer for each HARQ process is calculated based on the maximum HARQ process number, which is listed below:
	Denote the soft buffer size for the transport block by NIR bits and the soft buffer size for the r-th code block by Ncb bits. The size Ncb is obtained as follows, where C is the number of code blocks computed in section 5.1.2:

-  	for DL-SCH and PCH transport channels

-  			for UL-SCH, MCH, SL-SCH and SL-DCH transport channels
For UE category 0, for DL-SCH associated with SI-RNTI and RA-RNTI and PCH transport channel, Ncb is always equal to Kw.

where NIR is equal to:


where:
……….
MDL_HARQ is the maximum number of DL HARQ processes as defined in section 7 of [3].
Mlimit is a constant equal to 8.



In RAN1#88bis, it has been agreed that the total number of soft channel bits () is not increased if UE supports sTTI operations. Thus whether the soft buffer size of each HARQ process will be changed or not mainly depends on the following two factors: MDL_HARQ  and Mlimit if assuming the soft buffer size for each HARQ process calculation formula keeps unchanged. If the soft buffer size of one HARQ process keeps unchanged, it is possible to keep the HARQ process loss-less before and after sTTI length reconfiguration; otherwise, loss-less cannot be ensured since the soft buffer size change will result HARQ combing is impossible.
But considering the above two issues are both need to be decided by RAN1. In order to facilitate the progress of RAN2 discussion, RAN2 had better send LS to RAN1 to ask their view.
Proposal 2: Send LS to RAN1 to confirm the following issues:
· Whether one or two HARQ entities will be used with the introduction of sTTI?
· Whether retransmission across different TTI length (including different sTTI length and between sTTI and legacy TTI) is supported or not? 
· Whether the soft buffer size of each HARQ process will be changed or not before and after the sTTI reconfiguration.
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 confirm the following issues:
· Whether one or two HARQ entities will be used with the introduction of sTTI?
· Whether retransmission across different TTI length (including different sTTI length and between sTTI and legacy TTI) is supported or not? 
· Whether the soft buffer size of each HARQ process will be changed or not before and after the sTTI reconfiguration.
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