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1 Introduction

In this paper we discuss aspects of processing time reduction for short TTI operation in LTE and related aspects. This topic has previously been discussed in papers [1]

 REF _Ref450033711 \r \h 
[2]

 REF _Ref450033713 \r \h 
[3].
2 Discussion

As previously noted in [3] the HARQ RTT and number of HARQ processes may need to be increased for short TTI operation. The main part of processing is due to turbo encoding and decoding, and this contribution scales linearly with transmitted block size and is therefore shorter for a shorter TTI. Along with this contribution there are non-scalable sources of processing, such as FFT and IFFT, and TA. Also scheduling delay does not directly depend on TTI length, but can be shortened e.g. if a limited number of UEs are scheduled per TTI.
Observation 1
There are non-scalable contributions to processing time that needs to be considered.

2.1 Delays to specify

Assuming asynchronous operation for UL HARQ, the only delays that need to be specified for short TTI operation are the UL grant to UL data delay, and the DL data to DL HARQ delay.

The UL grant to UL data delay should take into account the need for the UE to prepare for the transmission after being instructed about the transport format. The UL data needs to be Turbo encoded, and the delay required for this will depend on the block size, which relates to the UL TTI length. We propose to use a fixed value of this delay for every UL TTI length.
Proposal 1
The UL grant to UL data timing should be fixed for a UL TTI length.

The DL data to DL HARQ delay should take into account the Turbo decoding in the UE. The duration of this processing will depend on the DL TTI length. We therefore propose to use a fixed value of this delay for every DL TTI length.
Proposal 2
The DL data to DL HARQ timing should be fixed for a DL TTI length.

2.2 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 in dense deployments, this level is unnecessary and prevents a further reduction in processing time in the UE. Reducing by half, to a maximum of 0.33ms may still support cell sizes of 50km, which should be sufficient for sTTI operation.

Observation 2
If maximum TA is reduced to 0.33ms a cell size of 50km can be supported.

Based on the above discussion we propose to reduce the TA by half.

Proposal 3
Maximum TA should be reduced by half for short TTI operation.

2.3 Processing in the UE

In the UE 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 block size and therefore TTI length. This is in contrast to the non-scalable delay which accounts for e.g. FFT and IFFT.

Starting from the legacy processing of 3TTI, or 42os, we can calculate what fraction of the processing 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 TTI length we then find the required processing delay in TTI. This is given in Table 1. The UE timing for UL grant to data and DL data to HARQ is the processing delay plus one TTI.
Assuming that the intermediate level is reasonable the required timing would then be n+8 TTI for 2os TTI, n+6 TTI for 4os TTI, and n+5 TTI for 7os TTI. The equivalent timing in eNB leads to HARQ RTT of 16, 12, and 10 TTI for 2os TTI, 4os TTI, and 7os TTI, respectively.
Table 1. Processing delay in the UE for different contributions of non-scalable processing and TA.

	Non-scalable part
	TTI length
	Current TA (0.67ms)
	Half TA (0.33ms)

	1os (low)
	2os
	8 TTI = 16os
	6 TTI = 12os

	
	4os
	5 TTI = 20os
	5 TTI = 20os

	
	7os
	4 TTI = 28os
	4 TTI = 28os

	4os (intermediate)
	2os
	9 TTI = 18os
	7 TTI = 14os

	
	4os
	6 TTI = 24os
	5 TTI = 20os

	
	7os
	4 TTI = 28os 
	4 TTI = 28os 

	7os (high)
	2os
	11 TTI = 22os
	9 TTI = 18os

	
	4os
	7 TTI = 28os
	6 TTI = 24os

	
	7os
	5 TTI = 35os 
	4 TTI = 28os


Proposal 4 

Define timing for DL data to DL HARQ to be
· 2 os TTI: n+8 DL TTI
· 4 os TTI: n+6 DL TTI
· 7 os TTI: n+5 DL TTI

Proposal 5 

Define timing for UL grant to UL data to be
· 2 os TTI: n+8 UL TTI

· 4 os TTI: n+6 UL TTI

· 7 os TTI: n+5 UL TTI

Based on these proposals the required number of HARQ processes for short TTI operation would be up to 16. Using the agreed system level simulation scenario, the performance of short TTI of different lengths has been evaluated assuming non-linearly scaled processing time and a HARQ RTT of up to 16 sTTIs [4]. The system evaluation results show that also with a higher HARQ RTT the shorter TTI options of 2-4 os give good performance gain compared to the longer cases of 7 os and the legacy 14 os.

Observation 3
Gains in FTP DL throughput are observed for short TTI operation also when the processing delay is longer than 3TTIs.

Proposal 6
The number of HARQ processes should be increased to 16 for short TTI operation.
3 Conclusion

In section 2 we made the following observations:
Observation 1
There are non-scalable contributions to processing time that needs to be considered.

Observation 2
If maximum TA is reduced to 0.33ms a cell size of 50km can be supported.

Observation 3
Gains in FTP DL throughput are observed for short TTI operation also when the processing delay is longer than 3TTIs.


Based on the discussion in section 2 we propose the following:
Proposal 1
The UL grant to UL data timing should be fixed for a UL TTI length.

Proposal 2
The DL data to DL HARQ timing should be fixed for a DL TTI length.

Proposal 3
Maximum TA should be reduced by half for short TTI operation.
Proposal 4 

Define timing for DL data to DL HARQ to be
· 2 os DL TTI: n+8 TTI

· 4 os DL TTI: n+6 TTI

· 7 os DL TTI: n+5 TTI

Proposal 5 

Define timing for UL grant to UL data to be
· 2 os UL TTI: n+8 TTI

· 4 os UL TTI: n+6 TTI

· 7 os UL TTI: n+5 TTI
Proposal 6
The number of HARQ processes should be increased to 16 for short TTI operation.
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