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1	Introduction
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 this paper, we present the possible maximum TA value and processing timeline for both operations. We also discuss how backhaul delay can be compensated for in C-RAN deployments without increasing the TA value.
2	Discussion
2.1 Maximum TA for 1ms Operation with Shortened Processing Timing
The current legacy DL HARQ timing of  is set based on the worst-case TA and DL control signalling, i.e., based on the maximum TA of 667us (corresponding to 100km site distance) and DL scheduling using EPDCCH. In order to enable DL timing reduction, some limitations can be placed on the maximum TA. In reducing the maximum TA, it is important to note that the new maximum TA under the shortened timing should be small enough such that the reception processing at the UE can done properly. As an example, when the maximum site distance is reduced to 10km, the corresponding maximum TA is 67us. Under this choice of the maximum TA, not only a saving of 600us can be achieved, but also there remains sufficient time for, e.g., proper averaging over multiple RS symbols for channel estimation at the UE.
It should also be noted that the restrictions placed on the maximum TA may also depend on other features enabled in a network, e.g., CA, NAICS, eIMTA, etc. As an example, under CA operation, different CCs may have a maximum transmit timing difference of 31us. This timing difference should be accounted for in deciding the maximum TA. 
Thus, we propose:
Proposal 1: To support shortened processing timing for the 1ms operation, the maximum TA is reduced to 67us.
2.2 Maximum TA and Processing Timeline for sTTI Operation
Although it is desirable to scale the legacy TBS inversely proportional to the sTTI length, this does not guarantee that the processing time is also linearly downscaled. In particular, some processing components, such as channel estimation, regardless of the TTI length, take a fixed amount of time for completion. Further, in order to determine the processing timeline as well as the maximum allowable TA, it is essential to consider the carrier aggregation operation. This is particularly important since under CA, the time misalignment among different CCs could be up to 31us. Also, in determining the maximum TA value, whether a single TAG or multiple TAGs are configured should be taken into account.
Due to the aforementioned reasons, we have:
Proposal 2: For the 1-slot sTTI operation, support  processing timing with the maximum TA of us.
Under the 2-symbol sTTI operation, the processing timeline is even tighter. In particular, if the chosen maximum TA value is not sufficiently small, adopting the  processing timing may not be even feasible. On the other hand, choosing a very small maximum TA value may constrain the deployment. To address this issue, one approach could be to choose a small TA value, e.g., us, for a specific default processing timing, e.g., , and increase the TA value as the processing timing increases. It should also be noted that the proposed TAs should account for the DL time misalignment across CCs, as well as whether a single-TAG or multi-TAG is defined. As an example, for a non-CA capable user, the  timing can be adopted when TA = 67us. If CA is supported, then the TA value could be set at about 30us. In essence, since the time misalignment across DL CCs eats from the processing timeline, the TA value should be defined separately for the cases of CA and non-CA operations.
[bookmark: _GoBack]Proposal 3: For the 2-symbol sTTI operation, the n+4 and n+6 processing timelines should be adopted. To determine the TA value, the CA and non-CA operations should be treated separately.
3	1ms TTI with sPT and sTTI in C-RAN Deployments
In C-RAN deployments, there are two components that contribute to the overall latency: (1) the backhaul delay, and (2) over-the-air delay. One approach to compensate for the backhaul delay is to choose a large TA value. However, as the TA increases, a UE has smaller amount of time for DL and UL processing. This effectively puts the pressure on the UE. An alternative approach to compensate for the backhaul delay could be to set the TA value solely based on the over-the-air delay, while considering a larger than  HARQ processes, where  is from , for the UEs supporting 1ms TTI with shortened processing timeline and/or sTTI. 
In such a case, the transmissions from both the new UEs and legacy UEs will be aligned at both the RRHs as well as the eNB (central unit). For the new UEs, the additional HARQ processes will be used to compensate for the backhaul delay. As an example, under the  timing, a UE expects a re-transmission from TTI  for a NAK sent in TTI . However, since there is an additional backhaul delay, the re-transmission may not be ready in TTI . Instead, eNB can serve other HARQ processes until the packet to be re-transmitted becomes available. Legacy users, however, do not have additional HARQ processes. For these users, eNB needs to perform the processing faster.
Since a UE supporting 1ms TTI with  timing should support the fallback operation as well, the number of HARQ processes can be kept at 8. Hence, two additional HARQ processes are available at no cost. The number of HARQ processes for a 2-symbol sTTI with  could be set at 16. Also, the number of HARQ processes for a 2-symbol sTTI as well as 1-slot sTTI with  timing can be chosen to be larger than 8.
Proposal 4: For both 1ms TTI with sPT and sTTI operations, the TA value should be chosen solely based on the RRH coverage area. To compensate for the backhaul delay, the number of HARQ processes could be increased. 
4	Conclusions 
Proposal 1: To support shortened processing timing for the 1ms operation, the maximum TA is reduced to 67us.
Proposal 2: For the 1-slot sTTI operation, support  processing timing with the maximum TA of us.
Proposal 3: For the 2-symbol sTTI operation, both n+4 and n+6 processing timelines should be adopted. To determine the TA value, the CA and non-CA operations should be treated separately.
Proposal 4: For both 1ms TTI with sPT and sTTI operations, the TA value should be chosen solely based on the RRH coverage area. To compensate for the backhaul delay, the number of HARQ processes could be increased. 
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