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1 Introduction

In the WI on Short TTI and reduced processing [1], reduced processing time for 1ms TTI should be specified. In RAN1#86 the following agreement was made.
· For FS1,2&3, a minimum timing n+3 is supported for UL grant to UL data and for DL data to DL HARQ for UEs capable of operating with reduced processing time with only the following conditions: 

· A maximum TA is reduced to x ms, where x <= 0.33ms (exact value FFS); 

· At least when scheduled by PDCCH 

· For FS2, new DL HARQ and UL scheduling timing relations will be defined

· Details FFS

· FFS:

· Possible minimum timing of n+2 TTI

· FFS max TA in this case

· FFS what other restrictions (if any) on when reduced processing times of n+2 could be applied

· Possibility of scheduling by EPDCCH.

· 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 

In this contribution, we discuss the FFS aspects of the agreement.
2 Discussion

For UEs supporting short TTI feature, reduced processing timing is decided to be specified for 1ms TTI and FS1, FS2, FS3. Benefits are expected in terms of acceleration of TCP slowstart phase due to shorter delay before the TCP ACK transmission, in terms of reduced TDD latency and also in terms of increased LAA UL performance due to shorter idle time between the UL grant and the actual UL transmission. In RAN1#86 a reduced processing timen n+3 was agreed but details are FFS. In the following we discuss limitations on TA, EPDCCH support for n+3 timings, n+2 timing and signaling possibilities for reduced processing time operation.

2.1 Maximum TA

Current maximum TA, 0.67ms, is dimensioned for a maximum cell size of 100km. To facilitate processing time reduction for 1ms TTI operation and short TTI operation, the maximum TA can be reduced compared to Rel-13. The 1ms TTI operation with reduced processing time is a feature from which all UEs of a cell would benefit. Reducing too much the maximum TA for reduced processing time UEs would put constraints on the deployments where this feature can be used while it would be beneficial from a user performance. It is thus not recommendable to reduce the maximum TA dramatically compared to today’s value. Reducing maximum TA by half, i.e. to a maximum of 0.33ms still supports cell sizes of 50km, which gives the flexibility of applying reduced processing time for 1ms TTI with a large number of deployment options. 

Proposal 2
Specify a maximum TA reduced to 0.33ms that is applicable in case of reduced processing time operation on a carrier.
2.2 Further reduced processing time, n+2 timing
In our previous contribution [3], we provided system-level results of 1ms TTI with a n+2 timing and different file sizes. A maximum TBS restriction of half the current value was assumed for the n+2 timing. It was observed that for a small file size of 100kB the gains of reducing the processing time to achieve a n+2 timing were between 20 and 35% compared to the legacy case. This was despite the maximum TBS reduction to half its current value. Since the file to transfer is very small, the file transfer finishes during the slowstart phase where the packet size is lower than the reduced maximum TBS. Therefore, the reduction of maximum TBS has very little impact on the actual bitrate for small file transfer. However, as it can be expected, minor gains and even losses for 95th percentile UEs were observed in [3] for a large file size of 1MB with the n+2 timing together with a maximum TBS reduced by half. 
Observation 1
For small file size transmissions, a reduced processing time leading to a timing of n+2 is beneficial even with a maximum TBS reduced to half.
Observation 2
For large file size transmissions, a timing of n+2 with maximum TBS reduced to half provides minor gains and even losses for 95th percentile UEs. 
Since typical traffic today involves small file transfer, supporting n+2 timing with some constraint on maximum TBS is still of interest. A n+2 timing means that the actual budget for processing is around 1ms. This is to compare with today’s budget of about 3ms for a timing of n+4. Our previous contribution [3] showed that an implementation that uses up the entire legacy processing time of 3ms to reach a timing of n+4 is not able to reach the n+2 timing even with half maximum TBS. A linearly scaled TBS is not sufficient to reach the new timing. It is very likely that most implementations have a margin and do not use up the entire 3ms processing time to meet the legacy n+4 timing. But due to the very large gap between the legacy processing time budget of 3ms and the reduced budget of 1ms with a n+2 timing, it appears difficult to expect all implementations to be compliant with the n+2 timing. So, the reduced timing of n+2 should be part of a UE capability discussion. In addition, further changes to the actual UE/eNB processing could also be considered if they enable to speed up processing time. An example change is the removal of the interleaver in UL that prevents UE and eNB to do on the fly transmission/reception of the UL transport block because its bits are interleaved in time domain.  

Observation 2
Removing the interleaving in UL could facilitate reduction in processing time.
Proposal 3 
Support n+2 operation for 1ms TTI with reduced peak rate as a UE capability.
2.3 Reducing processing time with EPDCCH based scheduling

In the agreement of RAN1#86 related to n+3, support of EPDCCH was listed as FFS. At the UE a n+3 timing means a processing time budget of about 2ms minus TA. In practice, for PDCCH based PDSCH and PUSCH scheduling, the decoding of the assignment/grant can start after the last OFDM symbol of PDCCH, i.e. at the latest in the fourth OFDM symbol of the subframe. For CRS-based transmission, the channel estimation can rely on the CRS present before the fourth OFDM symbol of the scheduled subframe so that the processing time budget is effectively around 2.7ms minus TA. If EPDCCH is used for scheduling, the decoding of the assignment/grant cannot start before the end of the actual subframe containing EPDCCH. It thus becomes more difficult for a UE to meet the n+3 timing. So, support of reduced processing timing with EPDCCH based scheduling should be part of a UE capability discussion. It should be noted that the same issue occurs in case of PDCCH based scheduling and DMRS based demodulation. The second DMRS pair is located in the two last OFDM symbols of a subframe, thus preventing the start of the decoding before the end of the subframe.
Proposal 5 
Support reduced processing time operation for 1ms TTI with EPDCCH scheduling as a UE capability.
2.4 Signaling reduced processing timing
In RAN1#86 it was agreed that reduced processing time(s) are RRC configured for the UE. But the fall-back mechanism is still open for discussion. 
If n+2 timing is agreed with peak rate restriction, a faster switching between n+2 and n+4 timings than what is feasible with RRC configuration is needed so as to avoid any negative impact on user performance due to the peak rate restriction with n+2. For example, a n+2 timing would be beneficial for large file size transmissions during the TCP slow-start if a rapid change to n+4 timing is possible when the end of the TCP slow-start phase is detected.
Observation 3
If n+2 is supported with peak rate restriction, a dynamic switching between n+2 and n+4 is beneficial
A dynamic solution for the fall-back to longer processing time should therefore be implemented. CSS has been proposed as an option, however since CSS has limited capacity and may be needed for other signalling, other solutions should be considered. For instance, eNB could configure a dedicated C-RNTI for e.g. n+2 operation. This would allow switching at subframe level at a low OH cost and with minimal extra processing. This configuration would be similar to that of SPS, and could either be used to toggle new timing or to continuously scramble with the new C-RNTI for the reduced timing. Another simple solution is to add an indication bit in the DCI message to signal the timing.
Proposal 6 
A DCI based indication for timing should be defined in addition to CSS fallback for n+2 timing.
2.5 PUCCH collision
In FDD, when the minimum DL HARQ timing of a UE, UE1, is reduced to n+3, UE1 shall feedback HARQ-ACK in subframe n+3 if it detects a PDCCH transmission in subframe n. If there is another UE, UE2, with legacy DL HARQ timing of n+4 detects a PDCCH transmission in subframe n-1, this UE shall also transmit HARQ-ACK in subframe n+3. If the same number of the first CCE index is used for constructing these two PDCCH transmitted on subframe n and subframe n+1, then, there will be a PUCCH format 1a/1b resource collision for UE1 and UE2, if the legacy rules are used for determining the PUCCH resource index for the reduced HARQ-timing UE, i.e. UE1. The PUCCH format 1a/1b resource collision can also happen for the case where a UE switches between different processing times. This issue is addressed in our companion paper [4].
2.6 CA and shortened processing time

Shortened processing time is general beneficial to operate with assuming that there is no strict restriction associated with it. Restriction could however be the operated TA or the maximum TBS. The TA could for example be valid if the eNB is operating in a remote radio head scenario and some cells have a larger TA than some of the other aggregated cells. To allow operation in such scenarios it would consequently be beneficial to allow configuration of shortened processing time per carrier. Further if different shortened processing times are allowed they may need to be able to be configured separately per carrier. Depending on the restrictions associated with them. 

Another aspect to consider is whether shortened processing time should be configured separately for DL and UL. It is not clear specifically what the specific benefits of such operation would be and hence it would be preferable that it is jointly configured in UL and DL.

Proposal 7 
Shortened processing time is configured jointly configured in both DL and UL per cell
3 Conclusion

In section 2 we made the following observations:
Observation 1
For small file size transmissions, a reduced processing time leading to a timing of “n+2”is beneficial even with a maximum TBS reduced to half

Observation 2
Removing the interleaving in UL could facilitate reduction in processing time
Observation 3
If n+2 is supported with peak rate restriction, a dynamic switching between n+2 and n+4 is beneficial
Based on the discussion in section 2 we propose the following:
Proposal 1
Specify the same reduction in maximum TA for both short TTI operation and 1ms TTI operation with reduced processing time.
Proposal 2
Specify a maximum TA reduced to 0.33ms that is applicable in case of reduced processing time operation on a carrier.
Proposal 3 
Support n+2 operation for 1ms TTI with reduced maximum TBS as a UE capability.
Proposal 5 
Support n+3 operation for 1ms TTI with EPDCCH scheduling as a UE capability.

Proposal 6 
A DCI based indication for timing should be defined in addition to CSS fallback for n+2 timing
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