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Introduction
In RAN2#97 meeting, the following agreements were reached on the Reduced UE Processing time:
	· The reduced processing time support by the network can be modelled as a Boolean parameter in MAC configuration 
· UE uses capability indication method to indicate that it supports reduced processing time 
· If shortened processing time n+3 is configured, for FDD two lengths of HARQ RTT Timer (i.e., 8 subframes and 6 subframes) and UL HARQ RTT Timer (i.e. 4 subframes and 3 subframes) should be supported.  FFS how the UE choses which one it has to use at a given time.   
· For shortened processing time, single HARQ process can support switching between processing timing n+3 and n+4. 


But there are still some open issues left, listed below:
· Issue 1: If UE supports reduced processing time, how to determine which (UL) HARQ RTT Timer length can be used at a give time?
· Issue 2: Once UE processing time fallbacks from n+3 to n+4, whether sync or async HARQ should be used?
· Issue 3: Once UE processing time switches between n+3 and n+4, whether loss-less should be considered?
Discussion
Issue 1: If UE supports reduced processing time, how to determine which (UL) HARQ RTT Timer length can be used at a give time?
The essential of this issue is that whether the same HARQ RTT timer length can be used for UE processing time n+3 and n+4. There are three options:
· Option 1: Use the same HARQ RTT timer length for n+3 and n+4. E.g., 8ms for DL and 4ms for UL in case of FDD.
· Option 2: Use the same HARQ RTT timer length for n+3 and n+4. E.g., 6ms for DL and 3ms for UL in case of FDD.
· Option 3: Use different HARQ RTT timer length for n+3 and n+4. E.g., 8ms for DL and 4ms for UL if n+4 is used and 6ms for DL and 3ms for UL if n+3 is used in case of FDD.
If Option 1 is used, even if UE processing time n+3 is used, the retransmission should be postponed to n+8 ms for DL and n+4 ms for UL, it cannot achieve the latency reduction benefit of introducing reduced UE processing time. This option can be excluded first.
If Option 2 is used, if UE processing time n+4 is used, once the HARQ RTT timer expires at n+6 for DL, the drx-retransmissionTimer will be started and only at n+8 ms, DL retransmission can be scheduled. UE will unnecessarily keep in Active time for 2 ms. It is not benefit for UE power saving.
Compared with Option 1 and Option 2, Option 3 can both ensure the reduced processing time and reduce the power consumption. It is more attractive. 
Proposal 1: The HARQ RTT timer length should be decided based on the UE processing time corresponding to the transmission which triggers its start.

Issue 2: Once UE processing time fallbacks from n+3 to n+4, whether sync or async HARQ should be used?
According to RAN1 agreement, a mechanism of dynamic fallback to legacy processing timing (n+4) is supported. Once UE processing time fallbacks from n+3 to n+4, whether sync or async HARQ should be used needs discussion.
According to RAN1 spec, considering n+4 using CSS and there is no HARQ process ID and RV version in CSS. It means only sync HARQ can be supported for n+4 processing time.
Proposal 2: Send LS to RAN1 to confirm whether only sync HARQ can be supported when UE processing time fallbacks from n+3 to n+4.
Issue 3: Once UE processing time switches between n+3 and n+4, whether loss-less should be considered?
Once UE processing time switches between n+3 and n+4, whether loss-less should be ensure mainly depends on whether the same maximum HARQ process number will be used for soft buffer calculation for both n+3 and n+4.
Based on the current LTE, the soft buffer for each HARQ process is calculated based on the maximum HARQ process number as described in RAN1, 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.


If the same maximum number of DL HARQ process is used for n+3 and n+4 and the soft buffer calculation keeps unchanged, it is possible to to keep data loss less in case of UE processing time switching between n+3 and n+4. Otherwise, it is impossible to keep data loss less since the soft buffer size for each HARQ process will be changed and it is impossible to perform HARQ combing.
But currently regarding to the HARQ process handling for n+3 and n+4, only the following agreements were reached by RAN1:
	1） For PDSCH the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are shared
2） FFS: Possible PUSCH HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI


Based on the above agreements, it is still unclear whether the maximum number of DL HARQ process used for soft buffer calculation in cases of n+3 and n+4 is same or not. Only when assuming the same maximum HARQ process number will be used, loss-less switching between n+3 and n+4 can be considered.
Proposal 3: Send LS to RAN1 to confirm whether the same maximum HARQ process number used for soft buffer calculation keeps unchanged during UE processing time switching between n+3 and n+4.
Assuming the maximum HARQ process number used for soft buffer calculation keeps unchanged, whether loss-less switching between n+3 and n+4 should be supported can be further discussed.
· Case 1: the real supported HARQ process number is increased;
In this case, all the pending HARQ process can be going on without any problem. It can be loss-less.
· Case 2: the real supported HARQ process number 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 real supported HARQ 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 real supported HARQ 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.
But considering UE processing time switching between n+3 and n+4 will be not frequent, it can be regarded as rare case. The UE processing time reconfiguration can be performed when there is no pending retransmission. Hence, optimization for loss-less switching can be not considered.
Proposal 4: During UE processing time reconfiguration, optimization for loss-less retransmission does not need to be considered.
Conclusion
Based on the analysis in section 2, it is proposed:
Proposal 1: The HARQ RTT timer length should be decided based on the UE processing time corresponding to the transmission which triggers its start.
Proposal 2: Send LS to RAN1 to confirm whether only sync HARQ can be supported when UE processing time fallbacks from n+3 to n+4.
Proposal 3: Send LS to RAN1 to confirm whether the same maximum HARQ process number used for soft buffer calculation keeps unchanged during UE processing time switching between n+3 and n+4.
Proposal 4: During UE processing time reconfiguration, optimization for loss-less retransmission does not need to be considered.
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