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1. Introduction
In RAN #72, a new work item on shortened TTI operation and shortened processing time for both legacy TTIs and shortended TTIs (sTTIs)  was approved. Related to legacy TTIs, the detailed objectives are: 
For Frame structure types 1, 2 and 3 for legacy 1 ms TTI operation: [RAN1, RAN2, RAN4] (until RAN1#88)

· Specify support for a reduced minimum timing compared to legacy operation according to [2] between UL grant and UL data and between DL data and DL HARQ feedback for legacy 1ms TTI operation, reusing the Rel-14 PDSCH/(E)PDCCH/PUSCH/PUCCH channel design [RAN1, RAN2]

· This applies at least for the case of restricted maximum supported transport block sizes for PDSCH and/or PUSCH when the reduced minimum timing is in operation, and if agreed by RAN1 for the case of unrestricted maximum supported transport block sizes. 

· Specify support for a reduced maximum TA to enable processing time reductions

· Note that the size of the reduction in minimum timing may be different between UL and DL cases.

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

· Study and specify, if agreed by RAN1, asynchronous HARQ for PUSCH with reduced processing time [RAN1, RAN2]

In RAN1 #86, the following were agreed:

Agreement:

· 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.

In this contribution, we provide our views on shortened processing time for legacy TTIs.


2. Discussion
2.1 Processing time reduction
For frame structure type 1, the timing relationship between PDCCH/PDSCH and PUSCH is shown below:

Timing relationship in UL is below:
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Figure 1 PDCCH/PDSCH and PUSCH timing relationship (RAN1 #51 Chairman's notes)

And the maximum allowable timing advance is 0.667 msec  for a cell size at 100 Km. It is apparent from Figure 1, a larger cell radius leads to 1)  a cell edge UE receives PDCCH/PDSCH late and at the same time the cell edge UE needs to transmit early to compensate for the propagation delay. The processing time a UE can safely budget without any restriction on the cell radius and consequently on the timing adjustment is 3 msec – 0.667 msec = 2.33 msec. 

If the timing adjustment is limited as raised by  some companies as a consequence of limiting the cell radius  e.g. for a maximum cell radius at 5 Km, then the timing budget for round trip propagation delays is 0.05 msec. In total, about 0.6 msec can be saved for processing; to reduce the processing latency including propoagation delays from 3 msec to 2 msec, it an additional 0.4 msec reduction in processing latency needs to be achieved and it should be further studied whether TBS size restriction is necessary.

Assume that the TBS size reduction is able to deliver 0.4 msec reduction in processing latency, it seems feasible to reduce the HARQ-ACK feedback latency so a HARQ-ACK feedback can be sent on subframe N+3  instead of N+4 as of today. 

Observation 1: When the maximum allowable timing adjustment is reduced to a value around 0.05 msec, it seems feasible to send back HARQ-ACK on subframe N+3 if PDCCH/PDSCH is sent on subframe N.
 In a carrier aggregation setup,  it should be also decided whether different maximum timing adjustments are allowed  at component carriers, e.g. between PCell and SCell. In our view, if the distance between Pcell and a UE is so different from that between Scell and the same UE that different maximum timing adjustments are required, first the propagation delay between Pcell and Scell should be rather substantial, it is questionable whether CA still works properly in that case. We have
Proposal 1:  When carrier aggregation is configured for a UE, a RRC signaling from eNB to the UE  indicating an allowed maximum timing adjustment applies to all component carriers. And different maximum timing adjustments at different component carriers are not supported.
As made clear from the FFS points in the RAN1 #86 agreements, whether N+2 is supported for DL assignment is also under discussion. While it can be argued features supported in specification can be ahead of market demand, for examle 5 CCs as specified in Rel-10; it is not clear to us the value & validity of a design not based on feasible implementation. It is true in NR, faster HARQ-Ack for DL transmission may be enabled, yet NR is likely to enjoy some features which facilitate faster processing than in LTE, such as front-load RS design, LDPC, etc. Hence a simple analogue between NR and LTE does not justify N+2 in LTE either.   We have 

 Proposal 2:  N+2 for downlink HARQ Ack feedback is not supported for legacy TTIs.
 Scheduling by EPDCCH leads to more processing latency than that by PDCCH. We have
Proposal 3: EPDCCH is not used for downlink assignment with N+3.



3. Conclusion
 In this contribution, we provide our views on processing time reduction for legacy TTIs. We have
Observation 1: When the maximum allowable timing adjustment is reduced to a value around 0.05 msec, it seems feasible to send back HARQ-ACK on subframe N+3 if PDCCH/PDSCH is sent on subframe N.
Proposal 1:  When carrier aggregation is configured for a UE, a RRC signaling from eNB to the UE  indicating an allowed maximum timing adjustment applies to all component carriers. And different maximum timing adjustments at different component carriers are not supported.
 Proposal 2:  N+2 for downlink HARQ Ack feedback is not supported for legacy TTIs.
Proposal 3: EPDCCH is not used for downlink assignment with N+3.
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