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Introduction
With reduced processing time as currently defined in RAN1 according to [1] LTE latency in DL and UL is reduced by reducing DL data to HARQ feedback time and UL grant to data time, each by 1 ms respectively. The following agreements have been reached in RAN1: 
	RAN1#86
· Reduced processing time(s) are RRC configured for the UE
· Working assumption: A mechanism for dynamic fallback to legacy processing timings (n+4) is supported
· Details FFS
· Working assumption can be revisited if it is not found to be feasible 
· PHICH-less asynchronous HARQ for UL is used for 1 ms TTI with shortened processing time 
· For FS1 and FS2, bit fields are defined in the applicable DCI messages to indicate HARQ processes ID and RV 
· No change in FS3 asynchronous UL HARQ operation



	RAN1#87
· For 1 ms TTI shortened processing, support fallback to legacy processing timing n+4 by the search space, i.e.  DCI for processing time n+3 are carried in USS of PDCCH and DCI for processing time n+4 are carried in CSS of PDCCH.
· For PDSCH the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are shared
· FFS: Possible PUSCH HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI
· FFS: UE behaviour in case of n+3 and n+4 collision
· Note: It is not expected that the eNB will often change between n+3 and n+4 scheduling timing


	RAN1#88
· For FS1, the UE is not expected to receive DL assignments for the same carrier where HARQ-ACK would occur in the same subframe
· Adopt the following behaviour for handling the collision of conflicting UL grants with n+3 and n+4 timing 
· The UE is not expected to receive conflicting UL grants with N+3 and N+4 timing scheduling PUSCH for the same UL subframe of a carrier
· Note: If the UE receives conflicting UL grants with N+3 and N+4 timing scheduling PUSCH for the same UL subframe of a carrier, the UE behavior is left up to UE implementation.
· For FS1, the UE is not expected to be able to receive UL grants with N+3 and N+4 timing in the same subframe and carrier
· Note: This might not imply specification changes
· For a UE configured with shortened processing time in 1ms TTI, the UE is not expected to receive more than one valid DL assignments for scheduling unicast PDSCHs having different processing times (e.g., n+3 and n+4) in a subframe for a given carrier. 




In RAN2 #97 reduced processing time was considered and the following agreements were made: 
	Agreements:
· The reduced processing time support by the network can be modelled as a Boolean parameter in MAC configuration.
· A UE capability will be used to indicate support for reduced processing time.
· If reduced 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 reduced processing time, a single HARQ process can support switching between processing timing n+3 and n+4.   




In this contribution, we discuss the fallback solution from n+3 to n+4 and propose a method to handle HARQ transition from asynchronous UL to synchronous UL operation. 

[bookmark: _Ref178064866]Discussion
The RAN1 agreement allows fallback from n+3 to n+4 timing: “DCI for processing time n+3 are carried in USS of PDCCH and DCI for processing time n+4 are carried in CSS of PDCCH”. In other words, if a UE is scheduled in the common search space (CSS), it will operate in legacy n+4 timing, while scheduled in the User-specific search space (USS) the reduced processing time n+3 timing is applied. 
Assuming a UE has been configured with reduced processing time, i.e. n+3 timing, there will be situations where the eNB must switch back to using n+4 timing. An example of such situation is when the UE is moving away from the eNB towards the cell edge in a large cell. Since the n+3 timing has a lower maximum timing advance (TA) than n+4 timing, sometimes only n+4 scheduling will be possible. 
It is also good to highlight the note that is part of the RAN1 agreement copied above for convenience: “Note: It is not expected that the eNB will often change between n+3 and n+4 scheduling timing”. Switching from n+3 to n+4 operation is a fall-back mechanism expected to occur rarely. 
For downlink the RAN1 agreement says “For PDSCH the HARQ processes of n+3 1ms TTI and n+4 1ms TTI are shared”. As the HARQ is asynchronous in downlink switching from n+4 to n+3 or from n+3 to n+4, it is possible to address all HARQ processes (HPs) in both modes in a straight-forward manner for PDSCH. RAN1 is discussing the number of HARQ processes for 1ms TTI with n+3 timing. At this stage, two cases can be considered in RAN2 to make progress.
Case 1: 8 (or less) HARQ processes are available for 1ms TTI with n+3
All HARQ processes, i.e. HARQ process ID 0 to 7, can be shared between n+3 and n+4 operation. This enables to schedule retransmission on CSS (n+4 timing) for initial transmission that occurred on USS (n+3 timing). HARQ process sharing can be applied as well for PUSCH. There is no extra complexity compared to HARQ process sharing for PDSCH. The only difference is that only asynchronous UL HARQ is supported on CSS with n+4 timing. Thus, the only clarification needed is a HARQ process ID to subframe mapping that already exists today for SPS and can be reused. This is further discussed in section 2.1. If PUSCH HARQ processes are not shared, and a partial MAC reset function is used instead, see for example [2], switching from n+3 to n+4 and from n+4 to n+3 will always result in loss of all HARQ data, and possibly increased delay as RLC retransmissions might be needed. This is not necessary considering that the principle of  HARQ process sharing has been agreed for PDSCH and the cost of extending this principle for PUSCH is minor. 


Case 2: More than 8 HARQ processes are available for 1ms TTI with n+3
If RAN1 decides on support for more than 8 HARQ processes for 1ms TTI with n+3, only 8 HARQ processes can be addressed with a scheduling from CSS (n+4 timing) unless the PDSCH DCI is changed on CSS. It is desirable not to change the DCI format sent on CSS in order not to increase the number of blind decodes for the UE for a use case that remains a fallback situation. Therefore, we suggest that only PDSCH HARQ processes 0 to 7 are shared between n+3 and n+4 operation, if more than 8 HARQ processes for 1ms TTI with n+3. Similarly, partial HARQ process sharing, i.e. for HARQ process ID 0 to 7 only, can be applied for PUSCH between n+3 and n+4 operation. A single HARQ process ID to subframe mapping is sufficient regardless of the number of HARQ processes supported for 1ms with n+3 timing on USS.
The above analysis can be summarized with the following proposals. 
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Switching between asynchronous UL HARQ and synchronous UL HARQ
Switching from n+3 to n+4 timing for PUSCH means switching from an asynchronous UL HARQ operation to a synchronous UL HARQ operation. To apply proposal 2 in practise, a HARQ process ID to subframe mapping is thus needed. This has already been defined for SPS, where SFN and subframe is connected to the HP ID, and we can use a similar formula for this as already noted in [3]: 
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[SFN * nrof_UL_SFs_per_radio_frame + index_of_UL_SF] modulo nrof_UL_HARQ_processes 
where SFN is the system frame number, index_of_UL_SF is equal to n-1 for the n:th UL subframe within a radio frame, nrof_UL_SFs_per_radio_frame is the number of UL subframes per radio frame, nrof_UL_HARQ_processes is the number of UL HARQ processes. The parameters are dependent on the frame structure and the UL/DL configuration. Special considerations are needed when wrapping SFN from 1023 to 0 in TDD configuration 0. 
[bookmark: _GoBack]Thus for example for FDD the formula will be {[SFN * 10 + x] modulo 8} where x is the subframe index between 0 and 9 within the radio frame. 
There are two complications for uplink switching, the redundancy version (RV) used by the UE and where the UE shall listen to PHICH. Redundancy version is signalled for n+3 timing, while for n+4 it is dependent on the number of transmissions except if adaptive n+4 retransmission is used (where the RV is signalled). If we define the PHICH to listen to as the PHICH indicated by the n+3 DCI (as had it been an n+4 DCI), then after a switch it might be that some other UE using n+4 timing will listen to the same PHICH. 
Both these issues can be avoided by requiring that a first retransmission after a switch shall be an adaptive retransmission. This can be achieved by the UE setting the HARQ feedback to ACK for all HARQ processes at the switch from n+3 to n+4. 
[bookmark: _Toc477964665][bookmark: _Toc477964702][bookmark: _Toc477964979][bookmark: _Toc481658877][bookmark: _Toc481744061][bookmark: _Toc478123012][bookmark: _Toc478134034][bookmark: _Toc478134546]At a switch from n+3 to n+4, the UE set the HARQ_FEEDBACK to ACK for all HARQ processes. 
By setting of HARQ _FEEDBACK to ACK for all HPs, we ensure that the UE will keep HP data in the buffer (as described in the note in section 5.4.2.2 of 36.321) and the first retransmission after a switch must be a scheduled adaptive retransmission. 
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Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	PDSCH HARQ processes 0 to 7 are shared between 1ms TTI with n+3 timing and 1ms TTI with n+4 timing 
Proposal 2	PUSCH HARQ processes 0 to 7 are shared between 1ms TTI with n+3 timing and 1ms TTI with n+4 timing
Proposal 3	Define the uplink n+4 synchronous HP ID as  [SFN * nrof_UL_SFs_per_radio_frame + index_of_UL_SF] modulo nrof_UL_HARQ_processes 
Proposal 4	At a switch from n+3 to n+4, the UE set the HARQ_FEEDBACK to ACK for all HARQ processes.
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