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1. Introduction
[bookmark: OLE_LINK13][bookmark: OLE_LINK14]At the RAN1 #86 meeting, agreements on UL and DL sTTI lengths were made as following [1]. 
	Agreements:
· For frame structure type 1, the following principles on short TTI length shall be supported:
· The length of sPUCCH is the same or longer than the length of the DL sTTI carrying the associated sPDSCH
· The length of sPUSCH is the same or longer than the length of the DL sTTI carrying the associated UL grant
· The TTI length of sPUSCH is the same as that of sPUCCH in a given subframe for one UE
· FFS on specific TTI length combinations between DL and UL including possible down-selection of combinations
· FFS whether to support the combination of TTI lengths between sPDSCH with shortened DL TTI and PUCCH with 1ms UL TTI for FS1 and FS2



[bookmark: OLE_LINK65][bookmark: OLE_LINK66][bookmark: OLE_LINK26]In addition, for processing time reduction with shortened TTI, following agreements made during the study item should be taken as discussion baseline [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

Agreements:
· The following principles on sPUSCH are recommended to be supported:
· UCI transmission on sPUSCH is supported
· FFS UCI mapping rule, especially considering the impact of DM-RS design
· [bookmark: OLE_LINK40][bookmark: OLE_LINK41][bookmark: OLE_LINK22][bookmark: OLE_LINK67][bookmark: OLE_LINK68]FFS on which carrier to multiplex UCI on in case different sTTI lengths are used on different UL CA
· Note:
· The UCI herein refers to at least the ones for sTTI operations
· FFS whether or not the UCI also includes the ones for legacy TTI operations



In this contribution, we present our views on processing time reduction and related procedures for sTTI.
2. Combinations between DL sTTI and UL sTTI and TTI length switching
As agreed at the last meeting, sTTI length for UL is the same or longer than that of DL sTTI length. Furthermore, whether to support the combination of TTI lengths between sPDSCH with shortened DL TTI and PUCCH with 1ms UL TTI needs further study. Based on the tradeoff among latency, coverage, and design complexity, supported combinations between DL (s)TTI and UL (s)TTI can be summarized in the following table. 

Table 1. Combination between DL (s)TTI and UL (s)TTI
	        UL
DL
	2-symbol
	4-symbol
	1-slot
	1ms 

	2 symbol
	√
	√
	√
	x

	1-slot
	x
	x
	√
	√

	1ms 
	x
	x
	x
	√



As shown in the table, for 1-slot DL sTTI, 1-slot UL sTTI or 1ms UL TTI should be selectable. In this case, when the UE receives sPDSCH (or UL grant) at a 1-slot DL sTTI, then the UE transmits HARQ-ACK for the DL sTTI (or PUSCH) at a 1ms TTI. This could realize fast HARQ-ACK feedback while keeping UL coverage. Then, for 2-symbol DL sTTI, 2-symbol UL sTTI, 4-symbol UL sTTI, or 1-slot UL sTTI, should be selectable.
Note that for any sTTI configurations/combinations, it is essential to support dynamic change of TTI length at least from sTTI to 1ms TTI. sTTI has a significant merit of latency reduction, but from spectral efficiency and coverage point of view, theoretically and fundamentally, sTTI is not comparable to 1ms TTI. Firstly, sTTI cannot support higher order MIMO without overhead increase or performance loss. For example, 8-layer MIMO using existing DMRS cannot be supported by sTTI. Introduction of new DMRS can support 8 layers, but the overhead must be higher than the existing DMRS for 1ms TTI. PRB bundling can reduce DMRS overhead for such higher order MIMO, but in that case, frequency-selective scheduling/precoding gain becomes smaller than 1ms TTI. Secondary, sTTI would highly likely require fast processing for HARQ-ACK feedback and/or UL scheduling and therefore, possible number of CCs for CA configuration may be smaller than that of 1ms TTI case. Thirdly, sTTI requires smaller max TA value, which results in smaller coverage. Lastly, sTTI split the packet into multiple blocks, resulting in coding gain loss. In order to achieve shorter latency, higher peak data rate, and wide coverage, without RRC reconfiguration, dynamic switching of TTI length is an essential function for shortened TTI. Same thing can be said for shortened processing time for 1ms TTI; for guaranteeing coverage, dynamic fallback to legacy processing is necessary. Such dynamic switching/fallback can be realized by either implicit or explicit way. We believe at least common search space should be usable for fallback, and additional switching mechanism is necessary. It is FFS whether the switching is common or independent for DL and UL.

Proposal 1:
· Combinations of DL sTTI and UL sTTI described in the above table are supported.
· Dynamic switching of TTI length (at least between configured sTTI and 1ms TTI) is supported.
· At least when the DL/UL data is scheduled by DCI in the common search space, 1ms TTI is scheduled.
· In addition, another mechanism(s) to switch TTI length (not rely on C-SS) is supported.
· FFS whether the switching of TTI length is common or independent for DL and UL.
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.

[image: ]
[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. Maximum TA value supported in conjunction with latency reduction
As analysed in [3], if the sPUSCH transmission timing after receiving UL grant or DL HARQ-ACK feedback timing is just scaled down by TTI length, there would be 3 TTIs for the short-TTI UE in processing assuming that there is no timing advance (TA). However, when TA is applied, the processing time that can be used by the short-TTI UE would be (3 TTIs – TA). Maximum TA in LTE is 666.7us, which corresponds to 100km distance. If the value of maximum TA is not reduced, the processing time 3 TTIs – TA can be very short or even become a negative value for very short TTI length. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: OLE_LINK31][bookmark: OLE_LINK32]In general, UL sTTI loses link-budget due to less number of RS symbols and/or data symbols and hence, 100km distance becomes not realistic. Therefore, the maximum TA value can be reduced to support UL sTTI operation. It was agreed in RAN1#86 that the maximum TA value <= 0.33ms. The maximum TA value reduction restricts the applicable scenarios of sTTI and hence the reduction should be minimized. So, the baseline should be 0.33ms. 
[bookmark: OLE_LINK1]Proposal 3:
· Minimize the reduction on the maximum TA value as much as possible.

5. UCI multiplex on sPUSCH
[bookmark: OLE_LINK2][bookmark: OLE_LINK10][bookmark: OLE_LINK4][bookmark: OLE_LINK5][bookmark: OLE_LINK21][bookmark: OLE_LINK23]For shortened TTI, it was agreed to support UCI transmission on sPUSCH. For single carrier case or UL CA with the same sTTI length case, it is simple and straightforward to re-use legacy rule to select the carrier to multiplex UCI on. However, for the case of UL CA configured with different UL sTTI lengths, at a given feedback time, if there are multiple sPUSCH with different sTTI lengths, which carrier to multiplex UCI on needs to be defined. 
[bookmark: OLE_LINK6][bookmark: OLE_LINK7][bookmark: OLE_LINK36][bookmark: OLE_LINK37][bookmark: OLE_LINK50][bookmark: OLE_LINK51]One possible approach is to configure sTTI group which consists of cells with the same UL sTTI length. As shown in Fig. 5, within each sTTI group, re-using the Rel.13 CA mechanism that UCI is multiplexed on the carrier with the smallest cell index if there are multiple sPUSCH transmissions at the given time. This solution is simple, while the new definition of the sTTI group needs to be specified. In addition, if the number of the sTTI group is more than one, there will be multiple shortened PUSCHs carrying UCI need to be transmitted simultaneously or their transmissions are partially overlapped, which impose additional challenges for UE transmission power.  
[image: ]
Fig. 5	Reuse legacy rule to determine the carrier to multiplex the UCI on within each sTTI group

[bookmark: OLE_LINK8][bookmark: OLE_LINK9]Another possible approach is to specify UE procedure for determining the carrier to multiplex UCI on without configuring the sTTI group. As shown in Fig. 6, in case there are multiple sPUSCH with different sTTI lengths at a given time, UCI can be multiplexed on the carrier with the shortest sTTI length to reduce the latency; alternatively, in order to guarantee the coverage, UCI can be transmitted on the carrier with the longest sTTI length. In addition, to achieve the tradeoff between low latency and coverage, it is also beneficial to let eNB dynamically indicate the carrier on which to multiplex the UCI on. 

[image: ]
Fig. 6	Determination of the carrier to multiplex the UCI on without sTTI group configuration

[bookmark: OLE_LINK45][bookmark: _GoBack]Proposal 4:
· For the case of single carrier or UL CA configured with the same sTTI length,
· 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,
· With the introduction of sTTI group, it is simple to re-use the legacy rule to select the carrier to multiplex UCI on within each sTTI group. 
· Without sTTI group configuration, following two options need further study.
· Option 1: Select the carrier with the shortest or longest sTTI length to multiplex the UCI on;
· Option 2: eNB indicates which carrier to multiplex the UCI on.

6. Conclusion
In this contribution, we discussed FFS aspects of processing time reduction and reached following proposal.
Proposal 1:
· Combinations of DL sTTI and UL sTTI described in the above table are supported.
· Dynamic switching of TTI length (at least between configured sTTI and 1ms TTI) is supported.
· At least when the DL/UL data is scheduled by DCI in the common search space, 1ms TTI is scheduled.
· In addition, another mechanism(s) to switch TTI length (not rely on C-SS) is supported.
· FFS whether the switching of TTI length is common or independent for DL and UL.
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:
· Minimize the reduction on the maximum TA value as much as possible.
Proposal 4:
· For the case of single carrier or UL CA configured with the same sTTI length,
· 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,
· With the introduction of sTTI group, it is simple to re-use the legacy rule to select the carrier to multiplex UCI on within each sTTI group. 
· Without sTTI group configuration, following two options need further study.
· Option 1: Select the carrier with the shortest or longest sTTI length to multiplex the UCI on;
· Option 2: eNB indicates which carrier to multiplex the UCI on.
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