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1. Introduction
At the RAN1#86 meeting, following agreements and working assumptions were achieved [1]:
	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.

Agreement:
· 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 

Agreement:
· PHICH-less asynchronous HARQ for UL is used for 1 ms TTI with shortened processing time 
· For FS1 and FS2, bit fields are defined in the applicable DCI messages to indicate HARQ processes ID and RV 
· No change in FS3 asynchronous UL HARQ operation



In this contribution, we discuss general remaining aspects of shortened processing time (sPT) for 1ms TTI. Some details on sPT for 1ms TTI are discussed in [2], [3]. Aspects related to shortened TTI (sTTI) are discussed in [4] - [9]. 

2. Remaining aspects
2.1. General aspects including updated scope and timeline
At the RAN#73 plenary meeting, it was agreed that the following objectives will be completed by RAN#76:
· Processing time reduction for legacy 1ms TTI, for FS1/2/3
· For FS1, sPDCCH/sPDSCH/sPUSCH/sPUCCH design based on
· 2-symbol for sPDCCH/sPDSCH
· 2-symbol for sPUSCH/sPUCCH
· CRS based and DMRS based sPDCCH/sPDSCH for FS1
· DL CA and UL non-CA for FS1

According to the above, the sPT aspects for FS1/2/3 and sTTI aspects for FS1 target RAN#76. However, the last bullet “DL CA and UL non-CA for FS1” is not clear in terms of whether it is for sPT or for sTTI or for both. Besides, it does not indicate whether all CCs in the DL-CA shall be FS1 or not. We would like to confirm that the above DL CA restriction includes PCell FS1 with SCell FS2 for both sTTI and sPT for 1ms TTI. Besides, SCell FS3 should also be allowed for sPT for 1ms TTI.

Proposal 1:
· Confirm that the “DL CA and UL non-CA for FS1” includes following two cases:
· DL CA and UL non-CA for PCell FS1 with SCell(s) of FS1/FS2 for both sTTI and sPT for 1ms TTI.
· DL CA and UL non-CA for PCell FS1 with SCell(s)/FS3 for sPT for 1ms TTI.

Some advanced CA operations are not included in the above priorities, e.g., UL CA, PUCCH on SCell, and dual connectivity. However, major/popular terminals in the market already support UL-CA. Besides, some operators/networks will start UL-CA services soon. Prioritization for some specific CA operations (e.g., DL CA) has some risks of introducing separate latency reduction mechanisms for different CA operations. This would cause a market fragmentation. Therefore, we here would like to note that RAN1 should design sPT and sTTI such that it can smoothly be extended to non-prioritized CA operations such as UL CA, PUCCH on SCell, and dual connectivity, even if there is agreement that the above objectives will be completed earlier. This unified framework approach would make the sPT and sTTI being more attractive. Note that this is not a “forward compatibility” issue discussed for NR since UL CA, PUCCH on SCell, and dual connectivity, are existing features that were already specified, and are not “unknown/unpredicted” services.

Proposal 2:
· The designs of sPT for 1ms TTI and sTTI shall ensure smooth extensions to UL CA, PUCCH on SCell, and dual connectivity, even if the above objectives will be completed earlier.

Regarding the combination between CA and sPT for 1ms TTI or sTTI, whether the sPT or sTTI configuration (and UE capability, which should be considered later) is per CC or per UE needs to be concluded. For sTTI case, it is quite reasonable to configure it in per CC manner. Then, it is questionable if sPT is per UE. Per UE configuration for sPT for 1ms TTI makes it difficult to apply, since the UE shall be able to apply fast processing for any CA configurations. Our preference is to make both functions as per CC mechanisms, at least from configuration perspective.

Proposal 3:
· Both sPT for 1ms TTI and sTTI should be configured per CC in case of CA.

Similarly to CA, there are some functions that could be common for both sPT for 1ms TTI and sTTI. One example is dynamic fallback. For sPT for 1ms TTI, dynamic fallback is necessary since sPT for 1ms TTI introduces restrictions (at least max TA value, and FFS other restrictions, e.g., TBS, MIMO, CA). RRC reconfiguration for changing between sPT and legacy PT is not reasonable since sPT is used mainly for TCP slow start phase. For sTTI, there is no doubt that dynamic fallback is essential. Since both mechanisms are specified in the same WI, common dynamic fallback mechanism is preferable.

Proposal 4:
· Consider to support common mechanisms for both sPT for 1ms TTI and sTTI.

2.2. Support of n+2
Both n+3 and n+2 should be supported for sPT for 1ms TTI. UE/eNB capable of faster processing can realize it. From UE point of view, TA = 0.33ms (assuming max TA value is 0.33ms for both cases) is the shortest available processing time. For n+3 and n+2, the remaining processing time would be 1.67ms and 0.67ms, which are 72% and 29% of legacy LTE available processing time (3-0.67 = 2.33ms with max TA of 0.67ms), respectively. In other words, four or two times faster processor could handle it. From eNB point of view, TA = 0ms is the shortest available processing time. For n+3 and n+2, the remaining processing time would be 2ms and 1ms, which are 67% and 33% of legacy LTE available processing time (3ms), respectively. Note that from eNB point of view, the time delay between BBU and RRH (i.e., front-haul) consumes the available processing time at the network. If the cable delay of the front-haul is 0.33ms, resulting available processing time excluding this delay is 1.67ms and 0.67ms, respectively.
From both UE/eNB point of view, the available processing time excluding max TA or cable delay could be a linear reduction from LTE case. Therefore, support of n+2 in addition to n+3 is still realistic and reasonable. Note that additional specification impact for supporting n+2 in addition to n+3 could be rather small. 

Proposal 5:
· Both minimum timing of n+3 and n+2 should be supported.

2.3. Restriction on supporting n+2 and n+3
As explained in Section 2.1, reduction in supportable max TA value results in restriction of network deployment. TA value reduction in 0.03ms results in 5km cell coverage reduction. On the other hand, contribution of extra TA value reduction on the whole processing time is not significant; e.g., 0.16ms shorter TA results in 25km cell range, while it offers only 8% and 15% extra processing time for n+3 and n+2, respectively. Therefore, max TA should be kept to 0.33ms for both n+3 and n+2.
Other potential restrictions could be TBS/PRBs, application of EPDCCH, DL/UL CA configuration/scheduling, DL/UL MIMO configuration/scheduling, etc. Such restriction would be necessary for n+2. Whether to achieve shorter latency with some restrictions or to give up latency to avoid restrictions can be up to eNB scheduler since this is not a default configuration and eNB decide to apply. Even if those restrictions are added, dynamic fallback is able to resolve such restrictions.

Proposal 6:
· Maximum TA value is 0.33ms for both n+3 and n+2.
· Whether to achieve shorter latency with some restrictions or to give up latency to avoid restrictions is up to eNB scheduler.

3. Conclusion
In this contribution, we discussed general aspects of sPT for 1ms TTI and proposed the following:
Proposal 1:
· Confirm that the “DL CA and UL non-CA for FS1” includes following two cases:
· DL CA and UL non-CA for PCell FS1 with SCell(s) of FS1/FS2 for both sTTI and sPT for 1ms TTI.
· DL CA and UL non-CA for PCell FS1 with SCell(s)/FS3 for sPT for 1ms TTI.
Proposal 2:
· The designs of sPT for 1ms TTI and sTTI shall ensure smooth extensions to UL CA, PUCCH on SCell, and dual connectivity, even if the above objectives will be completed earlier.
Proposal 3:
· Both sPT for 1ms TTI and sTTI should be configured per CC in case of CA.
Proposal 4:
· Consider to support common mechanisms for both sPT for 1ms TTI and sTTI.
Proposal 5:
· Both minimum timing of n+3 and n+2 should be supported.
Proposal 6:
· Maximum TA value is 0.33ms for both n+3 and n+2.
· Whether to achieve shorter latency with some restrictions or to give up latency to avoid restrictions is up to eNB scheduler.
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