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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 dynamic switching between n+3 and 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. 
Another example is RRC reconfigurations where the transmission mode is changed. For example, if the eNB wants to initiate a RRC reconfiguration while operating with the n+3 timing, say from CRS based transmission mode like TM 4 to a DMRS based transmission mode like TM9. In this case the UE expect a certain DCI format when scheduled on the USS and this format is dependent on the transmission mode, the eNB should use CSS until the RRC reconfiguration complete is received. This is because the exact period until the UE has applied the reconfiguration is unknown to the eNB. Only the maximum duration is specified but not the exact time. During this period eNB cannot know what state the UE is in, and therefore should fall-back to scheduling the UE on the common search space. 
For the RRC reconfiguration mentioned above and when eNB sends RRC reconfiguration to set up and configure the n+3 timing, only n+4 scheduling is possible with synchronous HARQ in UL. 
[bookmark: _Toc477964660][bookmark: _Toc477964697][bookmark: _Toc477964974][bookmark: _Toc478134027][bookmark: _Toc478134533]RRC reconfiguration will in many cases require the eNB to schedule the UE using the common search space, during a period, to avoid ambiguity of the state of the UE. 
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”, and as the HARQ is asynchronous switching from n+4 to n+3 or from n+3 to n+4 will work if it is possible to address all HARQ processes (HPs) in both modes. At a switch from n+3 to n+4, in case that n+3 will have more than eight HARQ processes (in FDD) and only the legacy eight HPs are possible in n+4, we suggest to keep the lower numbered HP IDs 0 to 7 (in FDD) and drop the HP IDs with higher numbers. The eNB can avoid dropping by not using high HP IDs which is possible as the HARQ RTT is lower in n+3 than n+4 operation. 
For addressing all HPs before and after a switch we propose: 
[bookmark: _Toc478123006][bookmark: _Toc478134028][bookmark: _Toc478134540][bookmark: _Toc477964661][bookmark: _Toc477964698][bookmark: _Toc477964975]For the downlink, let the n+3 HP IDs map directly to the n+4 HP IDs. 
And if n+3 has more HPs than n+4, we propose: 
[bookmark: _Toc478123007][bookmark: _Toc478134029][bookmark: _Toc478134541]For the downlink at a switch from one timing to the other, if there are more HP IDs before the switch than after, drop the higher numbered HP IDs from before the switch and keep the ones that are addressable after the switch. 
As said, this allows the eNB to perform the switch without losses. Only if more than 8 HARQ processes are used just before the switch from n+3 and these uses high HPIDs there may be losses, but that is controlled by the eNB and the eNB could avoid it if necessary. 
For uplink, RAN1 is still discussing if HPs shall be shared: “FFS: Possible PUSCH HARQ processes sharing between n+3 1ms TTI and n+4 1ms TTI”. 
If uplink HPs are not shared, 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. 
If uplink HPs are shared, and we reuse the partial MAC reset function as agreed in RAN2, see for example [2], it also means 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. 
Thus for lossless or almost lossless switching in uplink we propose: 
[bookmark: _Toc477964662][bookmark: _Toc477964699][bookmark: _Toc477964976][bookmark: _Toc478123008][bookmark: _Toc478134030][bookmark: _Toc478134542]Share PUSCH HARQ processes between n+3 1 ms TTI and n+4 1 ms TTI. 
In the following we analyse at the case that the PUSCH HARQ processes are shared between n+3 and n+4 1 ms TTI and if asynchronous UL HARQ is not available. 
For synchronous uplink in n+4, we need a numbering of the uplink HPs. This has already been done 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]: 
[bookmark: _Toc478123009][bookmark: _Toc478134031][bookmark: _Toc478134543][bookmark: _Toc477964663][bookmark: _Toc477964700][bookmark: _Toc477964977]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 
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. 
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. 
For addressing HPs after a switch we can have a similar HP ID mapping as for downlink:
[bookmark: _Toc478123010][bookmark: _Toc478134032][bookmark: _Toc478134544][bookmark: _Toc477964664][bookmark: _Toc477964701][bookmark: _Toc477964978]For the uplink, let the n+3 HP IDs map directly to the n+4 HP IDs. 
And in case n+3 has more HPs than n+4, we propose: 
[bookmark: _Toc478123011][bookmark: _Toc478134033][bookmark: _Toc478134545]For the uplink at a switch from one timing to the other, if there are more HP IDs before the switch than after, drop the higher numbered HP IDs from before the switch and keep the ones that are addressable after the switch. 
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 (had it been an n+4 DIC), 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 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: _Toc478123012][bookmark: _Toc478134034][bookmark: _Toc478134546]At a switch from n+3 to n+4, set the HARQ_FEEDBACK to ACK for all HARQ processes. 
By setting of HARQ _FEEDBACK to ACK for all HPs, we ensure that the HPs will keep their data in the buffer and any retransmissions must be scheduled adaptive retransmissions. 
[bookmark: _Toc473885612][bookmark: _Toc473889525][bookmark: _Toc473907935][bookmark: _Toc473908116][bookmark: _Toc473908248][bookmark: _Toc473908330][bookmark: _Toc473908573]
Conclusion
In section 2 we made the following observations:
Observation 1	RRC reconfiguration will in many cases require the eNB to schedule the UE using the common search space, during a period, to avoid ambiguity of the state of the UE.

Based on the discussion in section 2 we propose the following:
Proposal 1	For the downlink, let the n+3 HP IDs map directly to the n+4 HP IDs.
Proposal 2	For the downlink at a switch from one timing to the other, if there are more HP IDs before the switch than after, drop the higher numbered HP IDs from before the switch and keep the ones that are addressable after the switch.
Proposal 3	For the uplink, share PUSCH HARQ processes between n+3 1 ms TTI and n+4 1 ms TTI.
Proposal 4	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 5	For the uplink, let the n+3 HP IDs map directly to the n+4 HP IDs.
Proposal 6	For the uplink at a switch from one timing to the other, if there are more HP IDs before the switch than after, drop the higher numbered HP IDs from before the switch and keep the ones that are addressable after the switch.
Proposal 7	At a switch from n+3 to n+4, set the HARQ_FEEDBACK to ACK for all HARQ processes. 

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref449678105][bookmark: _Ref465262208][bookmark: _Ref174151459][bookmark: _Ref189809556]RP-162014, Revised Work Item on shortened TTI and processing time for LTE, Ericsson, RAN#74, Dec. 2016 
[bookmark: _Ref477957642]Section 5.9 of R2-1702415, Introduction of RAN -assisted codec bit rate adaptation, Ericsson, RAN2#97, Feb. 2017 
[bookmark: _Ref473884183]R1-1612207, Interaction between synchronous and asynchronous UL HARQ for 1ms TTI, RAN1#87, Nov. 2016 



	1/4	
