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1. Introduction
[bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK26]For processing time reduction with shortened TTI and 1ms TTI, following agreements made at RAN1 #88bis and during the study item should be taken as discussion baseline [1] – [2]:
	Agreements:
· [bookmark: OLE_LINK34][bookmark: OLE_LINK35][bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: OLE_LINK58][bookmark: OLE_LINK59]The minimum timing for UL grant to UL data and for DL data to DL HARQ is n + k sTTI for short TTI operation;
· 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 
· [bookmark: OLE_LINK49]sPUSCH sTTI for the UL grant to UL data timing 
· sPDSCH sTTI for the DL data to DL HARQ feedback timing
· [bookmark: OLE_LINK47][bookmark: OLE_LINK48]FFS how to the handle the minimum timing for the case when DL sTTI and UL sTTI have different lengths
· Further study whether or not the eNB would indicate an additional parameter m (Note: the value may be dependent on the discussion on the max TA), resulting in a timing of n + k + m sTTI
· FFS: semi-static or dynamic configuration of m, if introduced
· The minimum timing for UL grant to UL data and for DL data to DL HARQ is n + k TTI for subframe-long TTI operation and short TTI capable UEs. 
· k = 4 is supported
· Further study whether a reduced minimum timing is possible, e.g. k = 2, k = 3, and if a reduced maximum TBS is needed to achieve this
· Note: CQI feedback enhancements for short TTI and legacy TTI are not precluded

Agreements:
· It is recommended to reduce the maximum TA for short TTI operation with processing time reduction compared to Rel-13
· Details are FFS
· [bookmark: OLE_LINK33]A single minimum delay between UL grant and UL data and between DL data and DL HARQ feedback is recommended to be supported for a given sTTI length

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



In this contribution, we present our views on maximum TA, processing time reduction and related procedures for sTTI.
2. Maximum TA value supported in conjunction with latency reduction
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. Or as a compromise, for sTTI, maximum TA can be 333.4us (50km) for 1-slot sTTI, 200us (30km), or 100us (15km) for 2-os sTTI.
Proposal 1:
· [bookmark: OLE_LINK1]For sTTI operation, a maximum TA of 0.33ms is supported for all UL/DL sTTI lengths. 
3. Processing time for the UE configured with short-TTI
[bookmark: OLE_LINK42][bookmark: OLE_LINK43]Legacy LTE defines a fixed timing for UL grant to UL data and for DL data to DL HARQ. For FDD LTE (FS1), 4ms HARQ/scheduling latency is specified, and for TDD LTE (FS2), 4ms HARQ/scheduling latency is the baseline and the exact latency not less than 4ms is up to how UL and DL resources are allocated in time (i.e., UL-DL configuration). With a short-TTI, it was agreed to support the shortened processing time so that DL/UL HARQ/scheduling latency can be well reduced. Further study is needed on how to define the minimum timing, e.g., n + k sTTI for UL grant to UL data and for DL data to DL HARQ feedback when the same or different lengths are configured for DL sTTI and UL sTTI. 
The main concern on this processing time reduction seems that the higher implementation challenges would be expected to reduce the processing time, compared to supporting short-TTI channel structures. Therefore, following two options can be considered to address it: 
Option 1: k is fixed for a certain short-TTI length such that single HARQ/scheduling timing is defined.
In this option, the UEs configured with the same short-TTI length have the same HARQ/scheduling timing. eNB can manage HARQ/scheduling time-line among UEs according to which short-TTI length or TTI length the UEs are configured with, assuming that the HARQ/scheduling timing would still be implicit and not flexible. For example, UEs configured with a certain length of short-TTI and scheduled at the same DL control channel timing could have the same UL data transmission and/or DL HARQ-ACK feedback timing. 
[bookmark: OLE_LINK57]For the case that DL and UL have the same sTTI length, k is fixed and its time unit can use either UL sTTI or DL sTTI, since same sTTI length applies to both UL and DL. It is simple to define when/where (e.g. n + k sTTI) to transmit UL data or DL HARQ after receiving the UL grant or DL data as shown in Fig. 1. 

[image: ]
Fig. 1	Single HARQ/scheduling timing for DL and UL with the same sTTI length. 

[bookmark: OLE_LINK53][bookmark: OLE_LINK54][bookmark: OLE_LINK52][bookmark: OLE_LINK44][bookmark: OLE_LINK46]However, for the case that DL and UL have different sTTI lengths, with option 1, k is still fixed while its time unit to define the timing between UL grant to UL data and DL data to DL HARQ may be different since the processing time needed for preparing sPUSCH and decoding sPDSCH with different sTTI lengths could be different. For example, n + k UL sTTI could be defined as the minimum timing for UL grant to UL data and n + k DL sTTI is the minimum timing for DL data to DL HARQ feedback. In this case, the exact delay between UL data/DL HARQ after receiving the UL grant/DL data will be not less than n + k UL/DL sTTI since the UL transmission should start at the UL sTTI boundary. One example is shown in Fig. 2.
[image: ]
Fig. 2	Single HARQ/scheduling timing for DL and UL with different sTTI lengths.

Option 2: k is configurable depending on UE capability and needed TA, such that various HARQ/scheduling timing is supported for UEs using a certain short-TTI length.
Except option 1, it is also possible that the UEs configured with the same short-TTI length could have different HARQ/scheduling timings. Since eNB is required to manage all HARQ/scheduling time-line per UE-basis in this case, there is no strong reason to keep implicit HARQ/scheduling timing which has been adopted from Rel. 8. Instead, if option 2 will be identified as a feasible way, explicit signaling of HARQ/scheduling timing can be considered. This offers additional flexibility to eNB scheduler when the cell accommodates various types of UEs.
Similar to option 1, for the case that DL and UL have the same sTTI length, the time unit of k can use either UL sTTI or DL sTTI as shown in Fig. 3. However, for the case that DL and UL have different sTTI lengths, with option 2, k is configurable while its time unit should be UL sTTI for UL grant to UL data or DL sTTI for DL data to DL HARQ as shown in Fig. 4.

[bookmark: OLE_LINK24][bookmark: OLE_LINK25][image: ]
Fig. 3	Various HARQ/scheduling timings for DL and UL with the same sTTI length.
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[bookmark: OLE_LINK38][bookmark: OLE_LINK39]Fig. 4	Various HARQ/scheduling timings for DL and UL with different sTTI lengths. 

Based on the above discussion, we propose the following:
[bookmark: OLE_LINK55][bookmark: OLE_LINK56]Proposal 2:
· In order to address concerns on processing time reduction, following options should be considered:
· Option 1: k is fixed for short-TTI lengths such that single HARQ/scheduling timing is defined.
· Option 2: k is configurable depending on UE capability and needed TA, such that various HARQ/scheduling timing is supported for UEs using a certain short-TTI length.
· [bookmark: OLE_LINK62]For the case when DL and UL have the same sTTI length, the minimum timing for UL grant to UL data and for DL data to DL HARQ depends on either UL sTTI or DL sTTI.
· For the case when DL and UL have the different sTTI length,
· The minimum timing for UL grant to UL data depends on UL sTTI length.
· The minimum timing for DL data to DL HARQ feedback timing depends on DL sTTI length.

4. UCI multiplexing on sPUSCH for UL CA
For the case of UL CA within a PUCCH group, based on current agreements [3] – [4], the same UL sTTI length is configured for the serving cells within the same PUCCH group for which sTTI operation is configured. While for different PUCCH groups, we propose to support different UL sTTI length can be configured across different PUCCH groups [5].  
As shown in Fig. 2, within each PUCCH group, Rel.13 eCA mechanism can be re-used that UCI is multiplexed on the carrier with the smallest cell index if there are multiple sPUSCH transmissions at the given time. In addition, if the number of the PUCCH group is more than one and different UL sTTI length is configured across different PUCCH group, there will be multiple sPUSCHs carrying UCI partially overlaps each other which impose additional challenges for UE transmission power. Both “look ahead” and “non-look ahead” transmission power modes as discussed in DC can be considered for UE power allocation and/or UE power-limited handling.
[image: ]
Fig. 5	Reuse legacy rule to determine the carrier to multiplex the UCI on within each PUCCH group.

Proposal 3:
· For the case of single carrier or UL CA configured with the same sTTI length within a PUCCH group,
· It is straightforward to re-use the legacy rule to select the carrier to multiplex UCI on.
· For the case of UL CA configured with different UL sTTI lengths across different PUCCH groups,
· Both “look ahead” and “non-look ahead” power control modes can be considered for UE power allocation and/or UE power-limited handling.
5. Conclusion
In this contribution, we discussed FFS aspects of processing time reduction and reached following proposal.
Proposal 1:
· For sTTI operation, a maximum TA of 0.33ms is supported for all UL/DL sTTI lengths. 
Proposal 2:
· In order to address concerns on processing time reduction, following options should be considered:
· Option 1: k is fixed for short-TTI lengths such that single HARQ/scheduling timing is defined.
· Option 2: k is configurable depending on UE capability and needed TA, such that various HARQ/scheduling timing is supported for UEs using a certain short-TTI length.
· For the case when DL and UL have the same sTTI length, the minimum timing for UL grant to UL data and for DL data to DL HARQ depends on either UL sTTI or DL sTTI.
· For the case when DL and UL have the different sTTI length,
· The minimum timing for UL grant to UL data depends on UL sTTI length.
· The minimum timing for DL data to DL HARQ feedback timing depends on DL sTTI length.
Proposal 3:
· For the case of single carrier or UL CA configured with the same sTTI length within a PUCCH group,
· It is straightforward to re-use the legacy rule to select the carrier to multiplex UCI on.
· For the case of UL CA configured with different UL sTTI lengths across different PUCCH groups,
· Both “look ahead” and “non-look ahead” power control modes can be considered for UE power allocation and/or UE power-limited handling.
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