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1 Introduction

In the new WI on Short TTI and reduced processing [1] states:

For Frame structure types 1, 2 and 3 for legacy 1 ms TTI operation: [RAN1, RAN2, RAN4] (until RAN1#88)

· Specify support for a reduced minimum timing compared to legacy operation according to [2] between UL grant and UL data and between DL data and DL HARQ feedback for legacy 1ms TTI operation, reusing the Rel-14 PDSCH/(E)PDCCH/PUSCH/PUCCH channel design [RAN1, RAN2]
· This applies at least for the case of restricted maximum supported transport block sizes for PDSCH and/or PUSCH when the reduced minimum timing is in operation, and if agreed by RAN1 for the case of unrestricted maximum supported transport block sizes. 
· Specify support for a reduced maximum TA to enable processing time reductions

· Note that the size of the reduction in minimum timing may be different between UL and DL cases.

· Study any impact on CSI feedback and processing time, and if needed, specify necessary modifications (not before RAN1 #86bis)

In this contribution, we discuss the various aspects related to reducing processing time for the legacy TTI length of 14 symbols.
2 Discussion

For UE supporting short TTI feature, reduced processing timing is decided to be specified for 1ms TTI and FS1, FS2, FS3. Benefits are expected in terms of acceleration of TCP slowstart phase due to shorter delay before the TCP ACK transmission, in terms of reduced TDD latency and also in terms of increased LAA UL performance due to shorter idle time between the UL grant and the actual UL transmission. This faster processing time is likely to come along with limitations in terms of deployment and of peak rate as stated in the WID. In the following we discuss limitations on TA and maximum TBS to achieve shorter processing time than 3TTI for 1ms TTI.

2.1 Maximum TA

Current maximum TA, 0.67ms, is dimensioned for a maximum cell size of 100km. For short TTI operation aiming at UEs in good coverage, this level is unnecessary and prevents a further reduction in processing time in the UE. To facilitate processing time reduction for short TTI operation, [2] makes the recommendation to reduce the maximum TA compared to Rel-13. Reduced processing time for short TTI-capable UEs was also agreed to be specified for 1ms TTI operation as part of this work item [1]. When deciding a reduction of maximum TA for short TTI operation, it is preferable to consider constraints given by 1ms TTI operation as well. It is indeed advantageous to define a single maximum TA reduction for both short TTI and 1ms TTI operation for short TTI capable UEs. This way, eNB has the flexibility to change easily the TTI length with which a short TTI capable UE is served, i.e. between the agreed short TTI lengths and 1ms TTI with reduced processing time.

Proposal 2
Specify the same reduction in maximum TA for both short TTI operation and 1ms TTI operation with reduced processing time.
The 1ms TTI operation with reduced processing time does not only address UE in good coverage and should also be suited for large cell deployments. Reducing maximum TA by half, to a maximum of 0.33ms may still support cell sizes of 50km, which should be sufficient for 1ms TTI operation with reduced processing time and sTTI operation. 

Proposal 3
Specify a maximum TA reduced to 0.33ms for UEs capable of operating with reduced processing time.
2.2 Processing time reduction and impact on maximum TBS
In the UE and eNB we can discriminate between three delay contributions that together make up to the processing time budget: scalable delay, non-scalable delay, and TA. The scalable delay is mainly related to Turbo encoding and decoding, and is assumed to scale with the payload to encode/decode. This is in contrast to the non-scalable delay which accounts for e.g. FFT and IFFT. In regular LTE operation, there is a budget of 3 ms (or 3 TTI) for the processing delay. The latest implementations most likely do not use up the entire 3 ms budget and can parallelize the encoding of the different code blocks that compose a transport block. But to remove the uncertainty about the implementation-specific margin, the following calculation assumes that the scalable delay, the non-scalable budget and the TA consumes entirely the budget of 3 ms. Without demanding improved processing performance, the only available method to reduce the processing delay is then to set a limit on the TBS that is transmitted/received. The following calculation aims at visualizing what can be expected in terms of processing time reduction when applying TBS limitation.
Starting from the legacy processing of 3 TTI, or 42os, we can calculate the fraction of the processing time that can be scaled if we assume levels for the non-scalable delay and the TA. Here, we select three levels of non-scalable delay: 7os (high), 4os (intermediate), or 1os (low). For the TA we study 10os (current TA), or 5os (half TA). Scaling the scalable part according to a TBS reduction, we then find the achievable processing delay in TTI. This is given in Table 1. As can be observed, it is only possible to achieve a reduced processing time compared to the 3 TTI budget of today if the maximum TBS is limited to half its current value. This is a non-negligible maximum TBS limitation and may counterbalance the positive effect of reducing the processing time. In the following we provide system level evaluation of reducing processing time when maximum TBS is also reduced.
Table 4 Processing delay in the UE for different contributions of non-scalable processing and TA

	Non-scalable part
	Max TBS reduction factor
	Current TA (0.67ms, 10os)
	Half TA (0.33ms, 5os)

	1os (low)
	3/4
	37os, i.e. 3 TTI required
	33os, i.e. 3 TTI required

	
	1/2
	27os, i.e. 2 TTI required
	24os, i.e. 2 TTI required

	4os (intermediate)
	3/4
	35os, i.e. 3 TTI required
	34os, i.e. 3 TTI required

	
	1/2
	28os, i.e. 2 TTI required
	26os, i.e. 2 TTI required

	7os (high)
	3/4
	36os, i.e. 3 TTI required
	35os, i.e. 3 TTI required

	
	1/2
	30os, i.e. 3 TTI required
	27os, i.e. 2 TTI required


Figure 1 shows system-level results of FTP transmissions with 1ms TTI and different values for the processing time and for the maximum TBS. For these results, the reduced processing times are 1 TTI, i.e. 4 ms HARQ RTT, and 2 TTIs, i.e. 6 ms HARQ RTT. A 10MHz BW system is considered, which provides a maximum TBS of 36696 bits for the legacy 1ms TTI with 8 ms HARQ RTT, i.e. 3 TTI processing time. For the 4 ms HARQ RTT case, a reduction by half of the legacy maximum TBS is assumed. For the 6 ms HARQ RTT case, the assumed maximum TBS is ¾ of the current legacy value. These assumptions are summarized in Table 1. Further simulation assumptions are described in the Annex - section 5.1.
As observed in Figure 1 (left) for small file size transmissions (100 kB), the benefits of reducing the processing time by 1 or 2 TTIs are significant even though a maximum TBS reduction is considered (the performance is somewhat similar). The gains of reducing the processing time by 1 TTI are between 20 and 35% compared to the legacy case from low to high loads, whereas the gains are about 15% considering 2 TTI processing time. These gains are summarized in Table 2. Figure 1 shows the performance of 1ms TTi with reduced processing time with or without maximum TBS limitation. It can be observed that the limitation on maximum TBS has minor impact on the FTP rate. Since the file to transfer is very small, the file transfer finishes during the slowstart phase where the packet size is lower than the reduced maximum TBS.

On the other hand, for large file size transmissions (1 MB), there are however only benefits when a maximum TBS reduction is not assumed. As shown in Figure 1 (right) for the median FTP object bitrate and in Figure 2 for the 95th percentile of the FTP object bitrate, the gains of reducing the processing time disappear when a maximum TBS reduction is assumed. These gains, compared to the legacy performance, for large file size transmissions are summarized in Table 3. Thus, it would be expected that a smaller reduction in the maximum TBS combined with a reduced processing time is able to provide attractive gains.
Observation 1
For small file size transmissions, reduced processing time is beneficial even with a reduced maximum TBS

Observation 2
For large file size transmissions, reduced processing time with maximum TBS limitation provides minor gains for certain UEs and losses for 95th percentile UEs. 
Table 1. Maximum TBS assumptions

	HARQ RTT with processing time reduction for 1 ms TTI length
	Processing time

(ms)
	Max TBS for a 10MHz BW system

(bits)
	Reduced Max TBS (by the same factor as the HARQ RTT with processing time reduction)
(bits)

	8 ms HARQ RTT

(legacy)
	3
	36696
	-

	6 ms HARQ RTT
	2
	36696
	0.75*36696

	4 ms HARQ RTT
	1
	36696
	0.5*36696
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Figure 1 Median object bitrate in Mbit/s per UE for FTP transmissions of 100 kB file size (left) and 1 MB file size (right)
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Figure 2 95th percentile object bitrate in Mbit/s per UE for FTP transmissions 1 MB file size

Table 2 Gains in median FTP bitrate for FTP transmissions of 100 kB file size compared to the legacy case (20% RU)

	HARQ RTT with processing time reduction
	With a max TBS of 36696 bits
	With a reduced max TBS (by the same factor as the HARQ RTT with processing time reduction)

	6 ms HARQ RTT
	15.5%
	15%

	4 ms HARQ RTT
	33%
	32.5%


Table 3 Gains in median and 95th percentile of FTP bitrate for FTP transmissions of 1 MB file size compared to the legacy case (20% RU)

	
	Median
	95th Percentile

	HARQ RTT with processing time reduction
	With a max TBS of 36696 bits
	With a reduced max TBS (by the same factor as the HARQ RTT with processing time reduction)
	With a max TBS of 36696 bits
	With a reduced max TBS (by the same factor as the HARQ RTT with processing time reduction)

	6 ms HARQ RTT
	14%
	8%
	12%
	- 1%

	4 ms HARQ RTT
	25%
	5%
	25%
	- 9%


Considering the calculation in Table 4 and the system-level results in Figure 1, a processing time reduced to 2 TTI instead of today’s 3 TTI should be considered while further study is needed to avoid large maximum TBS reduction. Considering that the latest implementations have a margin and do not use up today’s 3 TTI processing time budget, a maximum TBS reduction may not be needed when reducing the processing time by 1 TTI. Additional changes to the actual UE/eNB processing could also be considered if they enable to speed up processing time. An example change is the removal of the interleaver in UL that prevents UE and eNB to do on the fly transmission/reception of the UL transport block because its bits are interleaved in time domain.  
Proposal 3 
Support n+3 operation for 1ms TTI with n+6 HARQ timing.
Proposal 4 
Aim for no reduction in the maximum TBS for operation with reduced processing time.
Observation 3
Removing the interleaving in UL could facilitate reduction in processing time.
3 Conclusion

In section 2 we made the following observations:
Observation 1
For small file size transmissions, reduced processing time is beneficial even with a reduced maximum TBS.

Observation 2
For large file size transmissions, reduced processing time with maximum TBS limitation provides minor gains for certain UEs and losses for 95th percentile UEs. 
Observation 3
Removing the interleaving in UL could facilitate reduction in processing time.
Based on the discussion in section 2 we propose the following:
Proposal 1 Specify a maximum TA reduced to 0.33ms for UEs capable of operating with reduced processing time.

Proposal 2 Support n+3 operation for 1ms TTI with n+6 HARQ timing.
Proposal 3 Aim for no reduction in the maximum TBS for operation with reduced processing time.
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5 Annex
5.1 Simulation assumptions

5.1.1 Scenario parameters

	Parameter
	Value

	Number of sites, sectors per site
	7, 3

	Inter-site distance
	500m

	UE dropping
	Random uniform, 80% indoor

	UE speed.
	0 (no mobility)

	UE Multipath speed
	3 km/h 

	Frequency, duplex
	2 GHz, FDD

	Bandwidth
	10 MHz

	TX power
	46 dBm (eNB), 0.25 dBm (UE)

	Antenna heights
	25m (eNB), 1.5m (UE)

	N TX antennas x M RX antennas
	2x2 (eNB), 1x2 (UE)

	MIMO
	2x2 (DL), 1x2 (UL)

	Antenna pattern
	3GPP TR36.819

	Noise figure
	5dB (eNB), 9dB (UE)

	FTP download file size
	100kB

	FTP model
	3

	Fast Fading Model
	ITU Uma TR36.819

	Pathloss Model
	ITU Uma TR36.814

	TCP Configuration
	Slow Start: Exponential default

Congestion Avoidance: Reno

Initial Window Size: 3

Slow Start Restart: 1s

TCP congestion window increase during slowstart: according to RFC2581, unless otherwise mentioned


5.1.2 System parameters

	Parameter
	Value

	Number of PDCCH symbols
	2

	CQI report delay
	6ms

	Link adaptation
	According to TBS selection from Section 2.1.1;
Outer-loop correction (Target BLER 10%)

	Core, transport, and internet delay
	0ms, 10ms

	RLC AM max ReTX threshold
	32

	Scheduler algorithm
	Proportional fair

	UL access
	SR-based

	UL retransmissions
	Non-adaptive


	Parameter
	14 symbols TTI
	7 symbols TTI
	4 symbols TTI
	2 symbols TTI

	SRS period
	10ms / 10 TTI
	10ms / 20 TTI
	10ms / 35 TTI
	10ms / 70 TTI

	CQI period
	5ms / 5 TTI
	5ms / 10 TTI
	5ms / 18 TTI
	5ms / 35 TTI

	SR period
	1ms / 1 TTI
	0.5ms / 1 TTI
	2/7ms / 1 TTI
	1/7ms / 1 TTI

	sPDCCH size
	0
	dynamic
	dynamic
	dynamic

	PUCCH TTI
	14 symbols
	7 symbols
	4 symbols
	2 symbols

	PUCCH allocation
	1 PRB
	5 PRB
	5 PRB
	5 PRB

	UL DMRS symbols
	2
	1
	1
	1

	TBS selection
	PRB based
	RE based
	RE based
	RE based

	UL grant to data delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	SR to UL grant delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	UL HARQ delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	DL HARQ delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	DL HARQ to reTx delay
	4ms / 4 TTI
	2ms / 4 TTI
	8/7ms / 4 TTI
	4/7ms / 4 TTI

	Number of STTI bands in UL/DL
	No limit
	4
	4
	4

	DL sTTI band minimum size
	1 PRB
	12 PRB
	12 PRB
	12 PRB

	UL sTTI band minimum size
	1 PRB
	10 PRB
	10 PRB
	10 PRB
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