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1. Introduction
MRTD (maximum receive time difference) for sTTI has been discussed for quite a few meetings now. In RAN4 83, an LS [1] was sent to RAN1 describing the impact of MRTD on the available processing time for sTTI in carrier aggregation scenarios. In this contribution, we further discuss impact of MRTD and propose requirements.
2. Discussion
RTD in carrier aggregation impacts the worst case available processing time in some scenarios. Two examples are 
a. two DL and 1 UL scenario where HARQ ACK/NACK feedback of SCell DL is carried on pTAG (see Figure 1a)
b. two DL and two UL TAGs where both DLs have scheduled PDSCH and only one of the TAGs has a scheduled PUSCH (HARQ ACK/NACK from both DL will be carried on scheduled PUSCH, see Figure 1b). 
Let us consider the scenario shown in Figure 1a, where only one CC is available in 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 timing advance (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 reception can be misaligned due to receive time difference (RTD) between the two carrier components. Thus, if there a DL grant on sTTI N on SCell and UE is following an N+k HARQ feedback processing timeline, then it has a total of                ((k-1)*sTTI_length – TA – RTD s) available for processing the DL grant on SCell. 
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Figure 1a: Example scenario of 2CC in Downlink and one CC in uplink, assuming N+k HARQ processing time. Each block indicates an sTTI
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Figure 1b: Example scenario of 2CC in Downlink and two TAGs in uplink, assuming N+k HARQ processing timeline. If only sTAG has a scheduled sPUSCH in N+k sTTIs and if PCell DL has a sPDSCH in sTTI N, then ACK/NACK for sPDSCH on PCell will be transmitted on sTAG in sTTI N+k

In the second example, shown in Figure 1b, there are 2 CCs in DL and 2 TAGs in UL. If  the sTAG has a scheduled sPUSCH in sTTI N+k (and pTAG has no scheduled sPUSCH), and PCell Downlink has a scheduled sPDSCH in sTTI N, then in sTTI N+k, the sPUSCH in sTAG will carry the ACK/NACK for sPDSCH that occurred in sTTI N. In such a case too, the available processing time for sPDSCH in sTTI N is only ((k-1)*sTTI_length – TA – RTD s).

Observation 1: RTD has an impact on available processing time in some scenarios. 

For legacy TTI, deployments with intra-band non-contiguous and inter-band non-contiguous CA can have an RTD of upto 30.26 s [4]. If RTD requirements applicable to legacy TTI are directly applied to sTTI & reduced processing time, then it can substantially impact the available processing time. Even though the decision on maximum allowed TA has not yet concluded in RAN1, it makes sense that RAN4 defines MRTD requirements jointly with TA. 
Proposal 1: Specify joint requirements for RTD and TA. 
The most important consideration in joint requirement on TA and RTD is the time available time for processing sPDSCH. 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 capped above by a Threshold value.” 

In some scenarios (like in Figure 1a and 1b), 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
TA ≤ TA_max (1)

RTD ≤  MRTD (2)

difference in timing of the latest DL to earliest UL ≤ Threshold (3)

In Equation 1 above, TA_max will be decided by RAN1. The MRTD and Threshold values in Equations 2 and 3 above should be decided by RAN4. 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. Equation 3 imposes a joint requirement on the values of RTD and TA that can simultaneously occur. The Threshold value in equation 3 above should be no more than the TA_max allowed in single carrier scenarios. If a single TA_max value is adopted for single carrier and carrier aggregation scenarios, then we propose to set the Threshold to TA_max itself.
Proposal 2: Joint requirement on TA and RTD should be specified as follows
TA ≤ TA_max (1)

RTD ≤  MRTD (2)

difference in timing of the latest DL to earliest UL ≤ Threshold (3),

where MRTD can be the same as the legacy MRTD value and Threshold = TA_max used for single carrier scenario.

3. Conclusion

In this contribution, we make the following observation and proposals 

Observation 1: RTD has an impact on available processing time in some scenarios. 
Proposal 1: Specify joint requirements for RTD and TA.
Proposal 2: Joint requirement on TA and RTD should be specified as follows

TA ≤ TA_max (1)

RTD ≤  MRTD (2)

difference in timing of the latest DL to earliest UL ≤ Threshold (3),

where MRTD can be the same as the legacy MRTD value and Threshold = TA_max used for single carrier scenario.
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