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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. During RAN1#86 and RAN1#86 bis the following agreements were 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:

· 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 
· No consensus to support a minimum processing time of n+2
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 time n+3 was agreed but details are FFS. In the following we discuss limitations on TA, EPDCCH support and signaling for n+3 timing.

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 1
Specify a maximum TA reduced to 0.33ms that is applicable in case of reduced processing time operation on a carrier.
2.2 Reducing processing time with removing UL channel interleaver

The UL channel interleaver is used to spread the coded information bits in the time domain, and thereby, increase the robustness of UL data transmission in high mobility scenarios. However, UL channel interleaver prevents UE and eNB to do on the fly transmission/reception of the UL transport block because its coded bits are interleaved in time domain.
Figure 1 shows the BLER performance for UL data transmission with and without channel interleaver, under EVA Low channel model with speed of 120 km/h. Three different MCS are considered, with MCS_idx = 3, 14, and 21 corresponding to QPSK r 1/3, 16QAM r 3/4 and 64QAM 5/6, respectively. We see that for high mobility scenarios and with low MCS, turning off channel interlevear will not affect the BLER performance. For high MCS cases, turning off channel interleaver will leads to around 0.6 dB SNR loss at the 10% BLER target. Therefore, in most cases, it is ok to remove the channel interleaver to further reduce the processing time in both eNB and UE.
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Figure 1. PUSCH performance with and without the interleaver

Observation 1
Removing the interleaving in UL could facilitate reduction in processing time.

Observation 2
Minor demodulation performance degradation is visible at high speed and with high MCS when removing the UL interleaver 
Proposal 2 
Remove the UL interleaver for UEs served with 1ms TTI and n+3 timing
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 3 
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. Since only n+3 timing operation is supported in this Work Item and this without peak rate restriction, there is no strong need for changing often between n+4 and n+3 operation for a UE supporting 1ms with reduced processing time. In fact, in most cases the eNB will trigger the n+3 operation once it knows that the UE supports it and will not move back to n+4 operation as long as the RRC connection is maintained. RRC configuration of n+3 operation is thus suitable. However, during the RRC reconfiguration to operate with n+3, there is a period of ambiguity where the eNB does not know if the UE already switched to the timing of n+3. RRC specifies only the upper limitation for the UE processing time of applying an RRC reconfiguration, which according to TS 36.331, Section 11.2, is 15ms. Nevertheless, the UE may apply the configuration already before. In case of DL transmissions, blind decoding of the HARQ feedback at n+3 and n+4 can be done. But the period of ambiguity also affects the relevance of scheduling decisions in both DL and UL. The eNB can adapt its DL scheduling decisions to avoid PUCCH collisions between UEs operating with n+3 and n+4, if the eNB is certain with which timing every single UE is operating. But this is not the case during the ambiguity period. Similarly, in UL the ambiguity period may lead to PUSCH collisions between UEs operating with n+3 and n+4. To solve the issues coming from the period of ambiguity, a fallback mechanism to the n+4 operation is needed. With the fallback mechanism the eNB can always serve a UE with n+4 timing.
Proposal 4 
Confirm the working assumption that a mechanism for dynamic fallback to legacy processing timings (n+4) is supported.

CSS was discussed as a fallback mechanism for n+3 operation. CSS has limited capacity but considering that the fallback mechanism is not supposed to be used frequently, CSS appears as a simple solution with no specification impact to allow the eNB to continue serving a user during the RRC reconfiguration to n+3 operation while not inducing unexpected collisions in its cell.
Proposal 5 
For UE configured with shortened processing time for the 1ms TTI in both FS1 and FS2, the following fallback operations are supported:

· If PDCCH for DL assignment is transmitted in the common search space, use legacy processing timing with a minimum timing of 4ms for DL data to DL HARQ feedback. 

· If PDCCH for UL grant is transmitted in the common search space, use legacy processing timing with a minimum timing of 4ms for UL grant to UL data
2.5 CA and shortened processing time

Shortened processing time is general beneficial to operate with assuming that there is no strict restriction associated with it. The current restriction in the agreement made in RAN1#86 relates to the operated TA. In case of carrier aggregation and a remote radio head scenario, some cells could 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 6 
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
Removing the interleaving in UL could facilitate reduction in processing time.

Observation 2
Minor demodulation performance degradation is visible at high speed and with high MCS when removing the UL interleaver 
Based on the discussion in section 2 we propose the following:
Proposal 1
Specify a maximum TA reduced to 0.33ms that is applicable in case of reduced processing time operation on a carrier.
Proposal 2 
Remove the UL interleaver for UEs served with 1ms TTI and n+3 timing
Proposal 3 
Support n+3 operation for 1ms TTI with EPDCCH scheduling as a UE capability.

Proposal 4 
Confirm the working assumption that a mechanism for dynamic fallback to legacy processing timings (n+4) is supported.

Proposal 5 
For UE configured with shortened processing time for the 1ms TTI in both FS1 and FS2, the following fallback operations are supported:

· If PDCCH for DL assignment is transmitted in the common search space, use legacy processing timing with a minimum timing of 4ms for DL data to DL HARQ feedback. 

· If PDCCH for UL grant is transmitted in the common search space, use legacy processing timing with a minimum timing of 4ms for UL grant to UL data

Proposal 6 

Shortened processing time is configured jointly configured in both DL and UL per cell
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