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1	Introduction
Note: This paper is a revised version of R1-1712793.

In RAN1 #85, #86 and #88b, the following agreements were reached on the determination of the maximum TA value and the processing timing for the sTTI and 1ms TTI operations, respectively:
The minimum timing for UL grant to UL data and for DL data to DL HARQ is n + k sTTI for short TTI operation:
Agreements:
· Processing time >= the legacy processing time linearly downscaled with TTI length.
· 4 <= k <= 8
· FFS whether or not to support processing time is lower than the legacy processing time linearly downscaled with TTI length for at least slot based TTI
· k < 4 for slot based TTI. 
· Note that sTTI refers to:
· sPUSCH sTTI for the UL grant to UL data timing 
· sPDSCH sTTI for the DL data to DL HARQ feedback timing
· FFS how to the handle the minimum timing for the case when DL sTTI and UL sTTI have different lengths.

· 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. 

· To adopt the shortened processing timing for the 1ms operation, only PDCCH based scheduling is supported.

In RAN1 #90, it was agreed that:
Agreement:
· For DL 1-slot sTTI length or UL 1-slot sTTI length, a processing time of n+4 slot sTTI assuming a maximum TA Y for DL data to DL HARQ and for UL grant to sPUSCH is supported 
· Y <= 330 us
· FFS the detailed value
· Note that sTTI refers to:
· sPUSCH sTTI for the UL grant to UL data timing 
· sPDSCH sTTI for the DL data to DL HARQ feedback timing

In this paper, we first discuss the impact of maximum receive time difference (MRTD) on the processing time of a UE, and then propose a joint requirement on the TA and RTD which satisfies the UE’s processing requirement for the 1ms with sPT and sTTI operations.
2	The Impact of RTD on UE’s Processing Time
To see the impact of the RTD on the UE’s processing timeline, the following examples can be considered: 
· A scenario with two DL CCs and one UL CC, where HARQ ACK/NAK of Scell DL is carried on the pTAG (Figure 1.)
· A scenario with two DL CCs and two UL CCs, where (s)PDSCH is scheduled over both DL CCs, but only one of the TAGs has a scheduled (s)PUSCH. In this case, the HARQ ACK/NAK from both DL CCs will be carried out on the scheduled (s)PUSCH. (Figure 2.) 
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Figure 1: A scenario with 2 DL CCs and 1 UL CC. The  HARQ timing is considered.
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Figure 2: A scenario with 2 DL CCs and 2 UL CCs. The  HARQ timing is considered.

Let us first consider the scenario shown in Figure 1, where only one CC is available in the uplink. In such a scenario, the UL carrier will carry HARQ ACK/NACK for both Pcell and Scell. The uplink transmission time can be ahead of Pcell downlink reception time by the amount of TA. The available processing time (say for any HARQ ACK/NACK feedback) reduces by the amount of timing advance applied. Further, Pcell and Scell downlink receptions can be misaligned due to RTD between the two carrier components. Thus, if there is a DL grant on (s)TTI N on Scell and UE is following an  HARQ feedback processing timeline, then it has a total of   s available for processing the DL grant on Scell.
In the second example, shown in Figure 2, there are 2 CCs in DL and 2 TAGs in the UL. If the sTAG has a scheduled (s)PUSCH in (s)TTI , pTAG has no scheduled (s)PUSCH, and DL Pcell has a scheduled sPDSCH in (s)TTI , then in (s)TTI , the (s)PUSCH in sTAG will carry the ACK/NACK for (s)PDSCH that occurred in (s)TTI . In such a case, the available processing time for (s)PDSCH in (s)TTI  is again only  s.
Observation 1: RTD has an impact on available processing time in some scenarios. 
Proposal 1: Specify joint requirements for RTD and TA. 
The most important consideration in defining a joint requirement on TA and RTD is the available time for processing (s)PDSCH. Following is a simple way of capturing the consideration of processing time into a requirement: The difference between the timing of the latest downlink CC and the earliest UL TAG is upper bounded by a threshold value. This is to guarantee that the processing time remained for a UE in a CA case is the same as the processing time available in a non-CA scenarios.
Proposal 2: A joint requirements for RTD and TA is specified in such a way that the difference between the timing of the latest downlink CC and the earliest UL TAG is upper bounded by a threshold value. 
In some scenarios, similar to those shown in Figure 1 and 2, the difference between the timing of the latest downlink CC and earliest UL TAG is indeed RTD + TA. In such scenarios, joint requirement on RTD and TA simply implies that UE performance on all CCs is guaranteed only if RTD + TA is capped above by a threshold. 
The overall joint requirement for RTD and TA can be specified as follows:


.
To allow existing inter-band CA and intra-band non-contiguous CA deployments to use sTTI, we propose to keep the same MRTD value as legacy. The same value is also used for 1ms TTI operation with shortened timing. Eqn. (3) imposes a joint requirement on the values of RTD and TA that can simultaneously occur. The Threshold value in Eqn. (3) above should be no more than the  allowed in single carrier scenarios. If a single  value is adopted for single carrier and carrier aggregation scenarios, then we propose to set the Threshold to  itself.
Proposal 3: Consider defining a single for both the single carrier and carrier aggregation scenarios for each of the 1ms TTI and sTTI operations. 
Proposal 4: A joint requirement on TA and RTD should be specified as follows:



where MRTD can be the same as the legacy MRTD value and Threshold =  used for single carrier scenario.
3	Processing Timings and Maximum TA Values 
Based on the discussions in Section 2, this section now presents the maximum TA values and/or processing timings for the 2-symbol sTTI, 1-slot sTTI and 1ms TTI with  processing timing.
For the 1-slot sTTI and 1ms TTI with shortened processing timeline, we, respectively, have:
Proposal 5: The maximum TA value for the 1-slot sTTI operation is ~166us.
Proposal 6: The maximum TA value for the 1ms TTI operation and  timing is ~166us.
For the 2-symbol sTTI, it is important to note that supporting  timeline is essential for applications with stringent latency requirements. For the max. TA determination, it should also be noted that it significantly impacts UE time processing budget. Given that many details of the design, e.g., DMRS placement in a 3-symbol sTTI, details of DMRS-based and CRS-based sPDCCH, etc., are not decided, and given the impact of the sPDCCH RB set length on the processing time, one set of processing timelines and max. TA values does not work in all scenarios.  On the other hand, different applications or deployment scenarios may not require such tight latency requirements. For these reasons, two sets of processing timelines and max. TA values can be defined as follows:
· Set 1: (1)  with max. TA of Xus, and (2)  with max. TA of X+4 symbols.
· Set 2: (1)  with max. TA of Yus, and (2)  with max. TA of Y+4 symbols.

A UE declares which of the two sets it can support in different cases as mentioned above.
Proposal 7: For the 2-symbol sTTI operation, a UE reports its processing/max. TA capability based on the following two sets:
· Set 1: (1)  with max. TA of Xus, and (2)  with max. TA of X + 4 symbols
· Set 2: (1)  with max. TA of Yus, and (2)  with max. TA of Y+4 symbols.

Further, the UE capability can be reported separately depending on the control and data RS types as well as the length of CRS-based sPDCCH. 
4	Conclusions 
Observation 1: RTD has an impact on available processing time in some scenarios. 
Proposal 1: Specify joint requirements for RTD and TA. 
Proposal 2: A joint requirements for RTD and TA is specified in such a way that the difference between the timing of the latest downlink CC and the earliest UL TAG is upper bounded by a threshold value. 
Proposal 3: Consider defining a single  for both the single carrier and carrier aggregation scenarios for each of the 1ms TTI and sTTI operations. 
Proposal 4: A joint requirement on TA and RTD should be specified as follows:



where MRTD can be the same as the legacy MRTD value and Threshold =  used for single carrier scenario.
Proposal 5: The maximum TA value for the 1-slot sTTI operation is ~166us.
Proposal 6: The maximum TA value for the 1ms TTI operation and  timing is ~166us.
Proposal 7: For the 2-symbol sTTI operation, a UE reports its processing/max. TA capability based on the following two sets:
· Set 1: (1)  with max. TA of Xus, and (2)  with max. TA of X + 4 symbols
· Set 2: (1)  with max. TA of Yus, and (2)  with max. TA of Y+4 symbols.
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