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1. Introduction
At the RAN1#86 and RAN1#86bis meetings, following agreements were achieved [1] - [2]:
	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

Conclusion
No consensus to support a minimum processing time of n+2 



In this contribution, we discuss remaining aspects of shortened processing time (sPT) for 1ms TTI. Some details on sPT for 1ms TTI are discussed in [3], [4]. Aspects related to shortened TTI (sTTI) are discussed in [5] - [11]. 

2. Remaining aspects
2.1. Maximum TA
In theory, available TA value restricts the communication distance between eNB receiver and UE transmitter. In case of 0.33ms, the communication distance of up to 50km can be supported. This value looks sufficiently large. However, there is a deployment strategy where eNB baseband unit is centralized at a certain place, and eNB remote radio head (RRH) is distributed from the central baseband unit via front-haul, where the possible distance can be more than 10km. In this case, even if the actual cells size deployed by the RRH is not large, the distance between the central baseband unit and distributed RRH introduces additional delay. This additional delay cannot be reduced as long as deployment is kept. It is not preferable to limit applicable deployment scenarios of sPT for 1ms TTI and of sTTI. Therefore, we prefer to ensure that maximum TA value for sPT for 1ms TTI is 0.33ms, and besides, the same value of maximum TA should be applicable to sTTI operation. 

Proposal 1:
· Maximum TA value is 0.33ms for sPT for 1ms TTI.
· The same TA value should be applicable to sTTI.

2.2. Fallback operation
Support of dynamic fallback operation from n+3 to n+4 has been a working assumption since RAN1#86. The fallback to n+4 should be enabled at least by using DL control signaling in the common search space; if a UE configured with sPT for 1ms TTI detects DL assignment and/or UL grant scheduling unicast PDSCH and/or PUSCH on common search space, the UE shall apply non-sPT (i.e., legacy) behavior for these data scheduling. This ensures keeping common/legacy UE behavior even if the UE is configured with sPT for 1ms TTI for some specific cases, e.g., RRC reconfiguration period.
However, in the actual cases, it is not preferable to use common search space to schedule DL assignment and/or UL grant for unicast data scheduling. Whole resources in the common search space is shared by all the UEs in the serving cell and hence is not large enough. In this sense, it is preferable to support a dynamic fallback mechanism in addition to the use of common search space usage.
It was proposed to determine whether n+3 or n+4 is determined according to CRC masking [12]. A UE configured with sPT for 1ms TTI monitors PDCCH in UE-specific search space with and without CRC masking. Then, if the DL assignment and/or UL grant detected in the UE-specific search space has CRC masked by a specific sequence, shortened processing time n+3 is applied. Otherwise, legacy processing time n+4 is applied. We consider this is a reasonable approach.
Proposal 2:
· Confirm the working assumption at RAN1#86:
· A mechanism for dynamic fallback to legacy processing timings (n+4) is supported.
· When a UE configured with sPT for 1ms TTI detects DL assignment and/or UL grant scheduling UE-dedicated PDSCH/PUSCH in the common search space, legacy processing time (n+4) is applied.
· Additional mechanism to enable dynamic fallback is supported.
· When a UE is configured with sPT for 1ms TTI, the UE performs blind decodes of DL assignment and UL grant whose CRC is masked by a specific sequence.
· If the CRC is masked by the sequence, shortened legacy processing time (n+3) is applied.
· If the CRC is not masked by the sequence, legacy reduced processing time (n+4) is applied.

2.3. Asynchronous UL HARQ
It was agreed to support PHICH-less asynchronous UL HARQ at the RAN1#86 meeting. It was also agreed that bit fields are defined in the applicable DCI messages to indicate HARQ processes ID and RV. Therefore, when a UE is configured with sPT for 1ms TTI, the UE shall monitor UL grant including fields indicating HARQ process ID and RV. The actual bit numbers for HARQ process ID indication field is FFS. If sPT for 1ms TTI is sorely applied to a UE (i.e., not together with sTTI), then the HARQ process ID field can be defined just taking into account maximum HARQ RTT for sPT for 1ms TTI. However, it may be possible that the UE may be configured with sTTI and sPT for 1ms TTI together, and sTTI and sPT for 1ms TTI is dynamically switched per subframe basis. In this case, it is preferable to define a HARQ process ID field commonly applicable to both sTTI operation and sPT for 1ms TTI operation, so that HARQ process ID can be shared between sPT for 1ms TTI and sTTI. Therefore, the actual bit field size of HARQ process ID indicator should be determined taking into account the necessary number of HARQ processes for sTTI operation.
Regarding to the RV field, similar as eLAA, 2 bits can be introduced which is common to both TBs if UL-MIMO is applied.
Proposal 3:
· Support PHICH-less asynchronous UL HARQ with the following new bits fields in the UL DCI:
· HARQ process number indication field and RV indication field are included in the UL DCI.
· FFS: actual bit widths for HPN field taking into account potential dynamic switch between sTTI and 1ms TTI.
· 2-bit RV field can be introduced which is common to both TBs if UL-MIMO is appled.

2.4. Configuration of sPT for 1ms TTI with CA
Currently, carrier aggregation of DL-CA and UL-CA becomes more and more major and typical mechanism. The UE supporting sPT for 1ms TTI (and/or sTTI) is highly likely supporting carrier aggregation, too, from the beginning. It is important to consider how to handle the combination of sPT for 1ms TTI (and/or sTTI) and CA.
Simple approach is to configure sPT for 1ms TTI (and/or sTTI) for all the CCs for a UE. However, since the latency reduction is mainly for TCP slow-start phase, it is not necessary to apply sPT for 1ms TTI (and/or sTTI) for all the CCs. Rather, if sPT for 1ms TTI (and/or sTTI) is per UE configuration, UE needs to support sPT for 1ms TTI (and/or sTTI) for all the CA combinations for all the CA configurations. This has a risk of huge burden of UE (and eNB) implementation. Furthermore, sPT for 1ms TTI requires to reduce maximum TA value. In case of UL-CA, it becomes harmful if sPT for 1ms TTI is configured for all the UL-CCs regardless of which TAG the CC belongs to. Therefore, we propose to make sure that sPT for 1ms TTI (and sTTI) is not per UE configuration, at least for some CA configurations. Note that in case of DL-CA with non-UL-CA, it is not natural to apply sPT for 1ms TTI only on DL-CC and only on UL-CC. Therefore, sPT for 1ms TTI for this CA configuration should be common among all the CCs. Related discussion is found in [5].

Proposal 4:
· In case of CA, sPT for 1ms TTI is configured at least for one DL-CC and at least for one UL-CC.
· For UL-CA, sPT for 1ms TTI is per-CC function.
· For UL non-CA, sPT for 1ms TTI is configured for all DL-CCs and UL-CC.

2.5. PUCCH collision handling
A UE configured with sPT for 1ms TTI and legacy UE has different HARQ-ACK feedback timeline. Therefore, it is difficult to avoid PUCCH resource collision if implicit resource indication only is used, since in this case scheduler needs taking into account PDCCH scheduling at different subframes so that PUCCH will not collide. Since the UE configured with sPT for 1ms TTI will anyway monitor new DCI structure, it is not difficult to add a specific field indicating PUCCH resource for HARQ-ACK feedback. We prefer to support ARI-based mechanism; 2-bit ARI field is included in the DCI, and the PUCCH resource is indicated by the ARI field. 
Proposal 5:
· Mechanism to avoid PUCCH resource collision between legacy processing time and sPT UEs.
· 2-bit field in the DL DCI indicates PUCCH resource from the higher-layer configured 4 resources.

2.6. Support of EPDCCH
EPDCCH requires to reduce available processing time at UE further, compared to PDCCH. Support of EPDCCH for sPT for 1ms TTI requires higher UE complexity in terms of processing time. However, EPDCCH is useful for various use-cases such as interference coordination in HetNet scenario, CoMP-type of operation, DL control capacity enhancement, etc. If EPDCCH is not applicable to sPT for 1ms TTI, then the sPT for 1ms TTI is no longer applicable to the scenario where EPDCCH is necessary. Mandating support of EPDCCH for sPT for 1ms TTI is obviously challenging, but at least optional support of EPDCCH together with sPT for 1ms TTI can bring an opportunity to apply sPT for 1ms TTI where the networks requiring EPDCCH.
Proposal 6:
· Support of EPDCCH together with sPT for 1ms TTI is up to UE capability.

3. Conclusion
In this contribution, we discussed remaining issues on sPT for 1ms TTI and proposed following.
Proposal 1:
· Maximum TA value is 0.33ms for sPT for 1ms TTI.
· The same TA value should be applicable to sTTI.
Proposal 2:
· Confirm the working assumption at RAN1#86:
· A mechanism for dynamic fallback to legacy processing timings (n+4) is supported.
· When a UE configured with sPT for 1ms TTI detects DL assignment and/or UL grant scheduling UE-dedicated PDSCH/PUSCH in the common search space, legacy processing time (n+4) is applied.
· Additional mechanism to enable dynamic fallback is supported.
· When a UE is configured with sPT for 1ms TTI, the UE performs blind decodes of DL assignment and UL grant whose CRC is masked by a specific sequence.
· If the CRC is masked by the sequence, shortened legacy processing time (n+3) is applied.
· If the CRC is not masked by the sequence, legacy reduced processing time (n+4) is applied.
Proposal 3:
· Support PHICH-less asynchronous UL HARQ with the following new bits fields in the UL DCI:
· HARQ process number indication field and RV indication field are included in the UL DCI.
· FFS: actual bit widths for HPN field taking into account potential dynamic switch between sTTI and 1ms TTI.
· 2-bit RV field can be introduced which is common to both TBs if UL-MIMO is appled.
Proposal 4:
· In case of CA, sPT for 1ms TTI is configured at least for one DL-CC and at least for one UL-CC.
· For UL-CA, sPT for 1ms TTI is per-CC function.
· For UL non-CA, sPT for 1ms TTI is configured for all DL-CCs and UL-CC.
Proposal 5:
· Mechanism to avoid PUCCH resource collision between legacy processing time and sPT UEs.
· 2-bit field in the DL DCI indicates PUCCH resource from the higher-layer configured 4 resources.
Proposal 6:
· Support of EPDCCH together with sPT for 1ms TTI is up to UE capability.
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