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1
Introduction
Based on the outcome of RAN1#87, the following agreement on the supported UL/DL sTTI combinations has been reached [1]:

· For a user capable of supporting sTTI, the following {DL,UL} configurations are supported:

· {2,2} and {7,7}
· Working assumption on support of {2,7}. 

The working assumption is to be confirmed in RAN1#88 if no significant issues (including no obvious performance gain) are identified.

Moreover, the following has been agreed in terms of CA operation [1]:

•
For a given UE, the same DL sTTI length is configured for the serving cells within the same PUCCH group for which sTTI operation is configured

· FFS on across two PUCCH groups

In this contribution, we present our considerations on remaining details on sTTI length combinations as well as the remaining sTTI CA scenario details. 
2
Considerations on support of DL&UL {2,7}
In the following, we state our view on why supporting the sTTI length combination of {2,7} is not preferred.
When considering the case of DL sTTI length being shorter than UL sTTI length, the misalignment of DL and UL sTTI boundary introduces an extra delay component of transmission waiting time resulting in a longer delay in both UL and DL direction. The exact value for transmission waiting time depends on the DL sTTI design including the question on whether a sTTI can cross a slot boundary or not, and how the DL sTTI HARQ feedback is multiplexed in UL transmission.
Furthermore, the motivation for asymmetric sTTI operation, i.e. {2,7}, is mainly from the uplink coverage concern. In Figure-1, we provide the system-level evaluation results of both averaged 5%-tile coverage user throughput and average mean user throughput. As it can be seen, due to the longer delay introduced by asymmetrical transmission waiting time for {2,7}, the performance of 5%-tile coverage user throughput is severely impacted and is even worse than for the legacy TTI length of (n+4) operation. The {2,7} combination provides a reasonable improvement in mean user throughput over 1ms TTI length for both (n+4) and (n+3) operations. However, {2,7} provides no benefits in terms of averaged mean user throughput over the symmetric sTTI operation of {7,7}, which means that practically the support of symmetric sTTI combinations of {2,2} and {7,7} is seen as sufficient. 
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Figure-1: Performance comparison between DL 2-os & UL 7-os and symmetric operation
Observation-1: For DL sTTI length shorter than UL sTTI length, due to the misalignment of DL and UL sTTI boundaries, an extra delay component of transmission waiting time is introduced, which results in longer delay in both DL and UL transmission.

Observation-2: For DL sTTI length of 2-os, applied with UL sTTI length of 7-os instead of 2-os, longer HARQ RTT and SR to UL data transmission timing are expected.
Observation-3: DL system-level simulation results show that for operation with 2-os DL sTTI, the sTTI throughput gain is disappearing when longer HARQ RTT and SR to UL data transmission timing are assumed. 
Based on the above observations and discussion, we can conclude that supporting only symmetrical combination of DL and UL sTTI lengths will provide sufficient coverage and throughput for practical sTTI operation. Therefore, it is proposed to support only symmetrical sTTI lengths, i.e. either 2-os or 7-os in both DL and UL.   

Proposal-1: Support only symmetric DL&UL sTTI lengths in a cell, i.e. 2-os DL with 2-os UL, or 7-os DL with 7-os UL on a single carrier.

3
sTTI length combinations regarding CA operation
In RAN1#87, as noted in the introduction, it was already agreed to support only a single DL sTTI for the carriers within a PUCCH group. The motivation behind this agreement has been to not need to deal with different HARQ-Ack timing combinations within a single PUCCH group (keeping the Ack-Nack reporting operation reasonably simple). The same should be equally applicable to UL sTTI length as this will also have an effect on the PUCCH/sPUSCH length and the related considerations in terms of UL power control and the related priorities (including dropping). 

Proposal-2: For a given UE, the same UL sTTI length is configured for the serving cells within the same PUCCH group for which sTTI operation is configured.
For 1-ms TTI with reduced processing time the support of dynamic fall-back to 1-ms TTI with legacy timing has been agreed. The motivation for the fall-back is to guarantee robust operation upon RRC (re-)configuration of latency reduction feature. We see that similar functionality would be beneficial with sTTIs as well. Furthermore, support for dynamic switching between 1-ms TTI with n+3 timing and sTTI should be considered as well.

When having the dynamic fall-back/switching operation to 1ms TTI in place, it would be good to also link the configuration of DL sTTI length and UL sTTI length (for sPUSCH) on a serving cell for the UE as the dynamic fall-back of 1ms TTI is anyhow available (i.e. no need to only configure DL sTTI on a serving cell).

Proposal-3: sTTI operation must be configured for both DL and UL with the same sTTI length for a cell. This does not preclude dynamic switching between sTTI and 1-ms TTI.
Having now the CA operation within a single PUCCH group clarified, the only remaining decision in terms of sTTI configuration is the handling of different PUCCH groups. The motivation for operating with different PUCCH groups is mainly coming from deployments with different types of groups of cells. In terms of DuCo operation, the groups of cells serving a single UE may be connected to different (non-collocated) eNBs. PUCCH on SCell has been introduced in Rel-13 to offload the UCI for a group of small cells from macro to the small-cell layer. Both modes of operation have in common, that different groups of cells can be operated rather independently. A similar independent operation may be also envisioned in terms of sTTI operation. Therefore, different sTTI lengths could be supported for serving cells of different PUCCH groups assuming this can be supported without too much complexity with respect to e.g. power control and no show-stoppers are found. 
Proposal-4: Support different (UL & DL) sTTI lengths for serving cells of different PUCCH groups if no show-stoppers are identified.
4
Conclusions
In this contribution, we have the discussed various aspects related to combinations of different UL and DL (s)TTI lengths as well as their configurations for CA/DuCo operation. 
We make following observations and proposals:
· Observation-1: For DL sTTI length shorter than UL sTTI length, due to the misalignment of DL and UL sTTI boundaries, an extra delay component of transmission waiting time is introduced, which results in longer delay in both DL and UL transmission.

· Observation-2: For DL sTTI length of 2-os, applied with UL sTTI length of 7-os instead of 2-os, longer HARQ RTT and SR to UL data transmission timing are expected.
· Observation-3: DL system-level simulation results show that for operation with 2-os DL sTTI, the sTTI throughput gain is disappearing when longer HARQ RTT and SR to UL data transmission timing are assumed. 
· Proposal-1: Support only symmetric DL&UL sTTI lengths in a cell, i.e. 2-os DL with 2-os UL, or 7-os DL with 7-os UL on a single carrier.

· Proposal-2: For a given UE, the same UL sTTI length is configured for the serving cells within the same PUCCH group for which sTTI operation is configured.

· Proposal-3: sTTI operation must be configured for both DL and UL with the same sTTI length for a cell. This does not preclude dynamic switching between sTTI and 1-ms TTI.

· Proposal-4: Support different (UL & DL) sTTI lengths for serving cells of different PUCCH groups if no show-stoppers are identified.
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Appendix A: Simulation parameters
TableA-1 Simulation assumptions

	Parameter
	Assumption

	System bandwidth
	20 MHz

	Duplex mode
	FDD

	Carrier frequency
	2GHz

	Cell layout
	Hexagonal grid, 7 sites, 21 cells per site, with wrap-around

	Number of UEs per macro sector
	 10 (80% indoor, 20% outdoor) 

	Inter-site distance
	500m

	UE speed
	3 km/h, quasi-static model

	Antenna configuration
	2x2, cross-polarized

	Receiver DL
	LMMSE-IRC

	eNB TX power
	46 dBm

	eNB antenna height
	25 m

	Antenna pattern
	3D

	UE Tx power
	23 dBm

	UE antenna height
	1.5 m

	Channel model
	3D-UMa

	Pathloss model
	UMa, with 3D distance between eNB and UE

	Shadowing
	UMa, with 3D distance between eNB and UE 

	Penetration loss
	Outdoor UEs: 0 dB, Indoor UEs: 20 dB+0.5din

	CSI feedback period
	5 ms

	Feedback mode
	3-1

	CSI report delay
	6 ms

	UL access delay
	RTT + 1ms/0.5ms SR period waiting time for legacy TTI and sTTI, respectively.

	HARQ RTT
	According to Table.1

	SR period waiting time 
	1ms/0.5ms SR period waiting time for legacy TTI and sTTI, respectively.

	 DRX
	Disabled

	Transport type
	TCP

	TCP ACKs
	Error-free

	Initial TCP Window
	3 x 1500 Bytes (MSS), RFC 5681, section 3.1

	Initial Ssthresh
	45 x 1500 Bytes (MSS)

	Ssthresh
	Dynamic according to RFC 5681, sections 3.1 and 3.2

	FTP file size
	0.1MB

	User Packet arrival rate λ
	FTP model 3 with packet arrival according to Poisson process:

[0.25, 0.5, 0.75] for 100KB.

	Scheduler
	TD: PF, FD: PF

	Maximum number of scheduled users per TTI
	10 (max)

	L1 overhead
	CRS with dynamic number of CCEs according to Num. of scheduled UEs 

	Core network delay
	2 ms

	TTI Length 
	14/7/2-symbols

	MCS
	QPSK, 16 QAM, 64 QAM, 256 QAM

	Network synchronization
	Synchronous
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