3GPP TSG-RAN WG1 Meeting #87
R1-1612150
Reno, Nevada, USA., 14th – 18th November 2016
Agenda item:

6.2.10.2.1
Source:
Nokia, Alcatel-Lucent Shanghai Bell
Title:
Considerations of (s)TTI Length Combinations for DL and UL 
Document for:

Discussion 

1
Introduction
Based on the outcome of RAN1#86bis, the following items have been agreed [1]:

· For the combination of sTTI for DL and UL, RAN1 chooses one to be supported among the following alternatives.

· Alt 1. {2,2}, {7,7}

· Alt 2. {2,2}, {2,4}, {7,7}

· Alt 3. {2,2}, {2,7}, {7,7}

· Alt 4. {2,2}, {2,4}, {2,7}, {7,7}

· Note: {a,b} denotes {DL sTTI length, UL sTTI length}.

· Note: DL sTTI length is used for sPDCCH and sPDSCH.

· Note: UL sTTI length is used for sPUSCH and sPUCCH corresponding to sPDCCH and sPDSCH, respectively.

· RAN1 study the necessity of {2,14} and/or {7,14} 

In this contribution, we present our considerations on the above two FSS issues regarding asymmetric DL&UL sTTI length operations. 
2
Considerations on alternatives for sTTI length combinations for DL and UL:
Considering the agreed combination alternatives, we support Alt 1. {2, 2}, {7, 7} of symmetric sTTI length operation for DL and UL. In the following, we will state our view on why the asymmetric sTTI length operation for DL and UL, i.e. {2, 4}, {2, 7}, should not be supported.
·  DL sTTI length of 2-os and UL sTTI length of 4-os, {2, 4}:
The uplink coverage concern for sTTI operation is the most relevant reason why the UL sTTI length of 4-os is being considered. In order to evaluate the necessity of 4-os sTTI, we performed link-level simulations. The MCS was fixed to QPSK with 1/3 coding rate, corresponding to cell-edge conditions. As shown in the link-level results in Figure-1, the UL coverage improvement with 4-os sTTI is quite minor, as at SNR lower than -1dB, the 7-os sTTI has always the best performance, and at SNR higher than 1dB, the 2-os sTTI is a better design and utilization choice. For 4-os sTTI, only little throughput gain can be seen at SNR of 0dB. Therefore, from practical operation point of view, the support of UL sTTI length of 2-os and 7-os could already provide large enough UL coverage, and the support of UL sTTI length of 4-os will not significant improve the coverage in practice. Therefore, we propose that the UL sTTI length of 4-os should be excluded from the future design consideration.
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Figure-1: Link-level Performance of 2os/3os/4os/7os

Observation-1: Link-level simulation results show that the operation of UL sTTI length of 4-os does not significant improve the coverage.
Proposal-1: Do not support 4-os UL sTTI.
·  DL sTTI length of 2-os and UL sTTI length of 7-os, {2, 7}:

One FFS issue left from RAN1#85 is how to handle the minimum timing for UL grant to UL data and for DL data to DL HARQ when DL sTTI and UL sTTI have different lengths. Generally, due to the asymmetric DL&UL sTTI length, the timing for UL grant to UL data and for DL data to DL HARQ at different sTTI will be varying depending on the DL/UL resource availability, which is different from the legacy FDD-LTE with fixed timing and similar to the TDD-LTE with varying timing. 
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. 
· NOTE: the exact value for transmission waiting time depends on the DL sTTI design including the question whether a sTTI is allowed to cross a slot boundary or not, and how the DL sTTI HARQ feedback is multiplexed in UL transmission.
In Table-1, the time budget is calculated for HARQ RTT of both symmetric and asymmetric sTTI/TTI cases, where for the case of DL 2-os and UL 7-os, the average transmission waiting time for different sTTI is estimated as 0.56ms, which results in the HARQ RTT of about 3.12ms. Considering the value k for HARQ NACK/ACK timing with respect to the DL 2-os sTTI length, for the case where with DL&UL 2-os sTTI, k=4 is assumed. Correspondingly, for the case of DL 2-os sTTI and UL 7-os sTTI, a longer delay is expected with k=11 (with respect to DL 2-os) based on the calculated HARQ RTT of 3.12 ms.
Similarly in Table-2, the time budget is shown also for the SR to UL data transmission. Assuming an average transmission waiting time of 0.56ms, the estimated delay for SR to UL data transmission is about 3.87ms, which corresponds to 28 2-os sTTIs.
	Table-1: Time Budget Calculation of HARQ RTT
Component

Process

DL&UL 2-os [ms]

DL 2-os & UL 7-os
[ms]

DL 2-os & UL 14-os
[ms]

DL&UL 7-os
[ms]

DL 7-os & UL 14-os
[ms]

DL&UL 14-os
[ms]

1

UE processing time

0.42

0.96

1.21

1.50

1.75

2.00

2

DL TTI duration

0.14

0.14

0.14

0.50

0.50

1.00

3

UL TTI duration

0.14

0.50

1.00

0.50

1.00

1.00

4

eNB processing time

0.42

0.96

1.21

1.50

1.75

2.00

5

Asymmetric TTI Transmission Waiting

0.00

0.56

1.12

0.00

0.25

0.00

HARQ RTT

1.12

3.12

4.68

4.00

5.25

6.00

Note: Assume (n+4) with sTTI and (n+3) with legacy 1ms TTI

k of HARQ with respect to DL os

4

11

17

4

5

3




	Table-2: Time Budget Calculation for SR to UL Data Transmission
Component

Process

DL&UL 2-os
[ms]

DL 2-os & UL 7-os
[ms]

DL 2-os & UL 14-os
[ms]

DL&UL 7-os
[ms]

DL 7-os & UL 14-os
[ms]

DL&UL 14-os
[ms]

1

PUCCH Waiting

0.07

0.25

0.50

0.25

0.50

0.50

2

SR

0.14

0.50

1.00

0.50

1.00

1.00

3

eNB processing time

0.42

0.96

1.21

1.50

1.75

2.00

4

UL Grant

0.14

0.14

0.14

0.50

0.50

1.00

5

UE processing time

0.42

0.96

1.21

1.50

1.75

2.00

6

Asymmetric TTI Transmission Waiting

0.00

0.56

1.12

0.00

0.25

0.00

7

UL Data

0.14

0.50

1.00

0.50

1.00

1.00

Total delay

1.33

3.87

6.18

4.75

6.75

7.50

Note: Assume (n+4) with sTTI and (n+3) with legacy 1ms TTI

SR to UL data transmission delay with respect to DL os

10

28

44

10

14

8




In Figure-2, the mean value of average user throughput from system-level evaluation is shown. As can be seen, for the case of DL 2-os and UL 7-os, due to the longer delay introduced by asymmetrical transmission waiting time, the performance is severely impacted compared with the reference case of DL&UL 2-os, and with higher cell load, the performance is even worse than with DL&UL 7-os sTTI. Therefore, it is proposed not to support DL sTTI length of 2-os and UL sTTI length of 7-os. 
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Figure-2: Performance comparison of DL 2-os and UL 7-os/14-os
Observation-2: 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-3: 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-4: 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-2: Support Alt 1, where operation with only symmetric DL&UL sTTI lengths, i.e. 2-os DL with 2-os UL, or 7-os DL with 7-os UL.

3
Considerations on the necessity of supporting {2, 14} and {7, 14}:

Considering the case of DL sTTI length of 2-os and UL TTI length of 14-os as shown in Table-1 and Table-2, further delay in HARQ RTT and in SR to UL data transmission timing can be seen compared with the case of DL 2-os and UL 7-os. From DL performance perspective (as shown in Figure-2), the average user throughput of DL 2-os will further decrease with longer SR and RTT delay. Although the UL 14-os TTI provides good UL coverage compared with UL 2- or 7-os, the introduced transmission delay will severely impact the system performance of DL 2-os sTTI. Moreover, when comparing the estimated time budget of DL 2-os sTTI and UL 14-os TTI with DL&UL 7-os sTTI in Table-1 and Table-2, even longer delay can be seen for both HARQ RTT and SR to UL data transmission. Hence, we think there are no clear benefits from supporting DL 2-os sTTI together with UL 14-os TTI length. 
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Figure-3: Performance comparison of DL 7-os and UL 14-os

Moreover, for the case of DL sTTI length of 7-os and UL TTI length of 14-os as shown in Table-1 and Table-2, the introduced additional transmission delay component has less impact due to the longer 7-os sTTI length in DL, and the estimated HARQ RTT time and SR to UL data transmission delay lies between those of DL&UL 7-os and 14-os. However, when looking at the DL performance at different cell loads as shown in Figure-3, the average user throughput gain with DL 7-os sTTI and UL 14-os TTI is negligible compared with DL&UL 14-os case. Therefore, there is no clear benefit in supporting DL sTTI length of 7-os with 14-os UL TTI either. Furthermore, from system design point of view not having sTTI for DL but 14-os TTI for UL would cause complications related to especially HARQ-ACK feedback.
Observation-5: Combining DL sTTI lengths of 2-os or 7-os with UL TTI length of 14-os on a long term basis does not appear to provide any clear benefits. 
On the other hand, for 1-ms TTI with reduced processing times there is a working assumption to support dynamic fallback to 1-ms TTI with legacy timing. The motivation 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.
Proposal 3: sTTI operation must be configured for both DL and UL with the same sTTI length simultaneously. This does not preclude dynamic switching between sTTI and 1-ms TTI.
3
Conclusions
In this contribution, we have the discussed various aspects related to combinations of different UL and DL (s)TTI lengths. We make following observations and proposals:
Observation-1: Link-level simulation results show that the operation of UL sTTI length of 4-os does not significant improve the coverage.
Observation-2: 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-3: 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-4: 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. 
Observation-5: Combining DL sTTI lengths of 2-os or 7-os with UL TTI length of 14-os on a long term basis does not appear to provide any clear benefits. 

Proposal-1: Do not support 4-os UL sTTI.
Proposal-2: Support Alt 1, where operation with only symmetric DL&UL sTTI lengths, i.e. 2-os DL with 2-os UL, or 7-os DL with 7-os UL.

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