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Introduction

During the RAN1 ad-hoc in Cannes last June, considerable discussion took place regarding the TTI length for unicast data for UTRAN LTE. Although the subframe length will remain as 0.5msec, options of 0.5, 1 and 2msec TTI lengths were considered. Also considered was the possibility of standardising two TTI lengths.

This contribution examines the impacts of each of the TTI lengths on delay, control channel overhead, uplink control signalling coverage and minimum data rate. The conclusion is that in most cases, a longer TTI is preferable, however the delay requirement could mitigate against a longer TTI. Standardisation of a single TTI length is preferable, but if the delay requirement is to be met whilst allowing for HARQ retransmissions, then 2 TTI  lengths may need to be considered.

Delay
From [1], the delay calculation is as follows:

DUP [ms] = 1 + 0.75 + 1+ n*2.5 + Ts1u + 0.5 = 3.25 + n*2.5 + Ts1u 

(1)

DUP,typical [ms] = 3.25 + p*2.5 + Ts1u





(2)

(1) gives the delay taking into account the specific number of HARQ transmissions, whereas (2) gives the mean delay
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The 3.25 msec in (2) is the summation of the aGW, eNB, UE and TTI/frame alignment times.

Table 1 indicates assumptions for the HARQ RTT, processing and frame alignment times for the 0.5, 1 and 2msec TTI options:

	TTI length
	0.5
	1
	2

	UE processing
	1
	1
	1

	Frame alignment
	0.25
	0.25
	0.25

	TTI
	0.5
	1
	2

	RTT
	2.5
	4
	8

	eNB processing
	1
	1
	1

	aGW processing
	0.5
	0.5
	0.5


Table 1 Delay breakdown
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Figure 1 U-plane latency (excluding Ts1u) variation with HARQ retransmission rate
Figure 1 indicates the U-plane latency (considering a maximum of 1 retransmission only) excluding Ts1u for each TTI length. The latency requirement can be met with the 0.5msec TTI. For the 1msec TTI, it may be possible to meet the latency requirement if no HARQ retransmissions are used, however it must be considered that this analysis is quite optimistic as it has considered no increase in the node delay components as the TTI length increases and only 4 HARQ processes for the larger TTIs. With the 2msec TTI, it is not possible to meet the latency requirement when Ts1u is additionally taken into account, even with this optimistic analysis.
Also worth considering is the impact of the TTI length on the variance in latency; with a 0.5msec TTI the difference in latency between making no retransmission and each retransmission is 2.5msec; this increases to ~4msec and ~8msec respectively as the TTI length increases to 1 and 2msec.

Control signalling overhead

In [3], downlink L1 and L2 control signalling is separated into 3 categories. Table 2 indicates some assumptions for the number of bits for each signalling category assuming a 5MHz UE, asynchronous HARQ and not taking into account multi antenna information.
	Category
	Number of bits /scheduled user

	1
	30

	2
	8

	3
	7


Table 2 Estimates of sizes of DL control information
Category 1 information relates to allocation of resources. We assume that resource allocation could be made independently of the TTI length if asynchronous HARQ is used. For the following analysis, we assume that resource allocation is made every 2msec. Category 2 information relates to TFC, modulation etc. Although in principle such information could be transmitted less than once every TTI, such an approach would be quite restrictive in practice and hence we assume that the information is transmitted each TTI. Category 3 information relates to HARQ and needs to be transmitted every TTI.
In addition to the DL Cat 1-3 information, ACK/NACK for UL needs to be transmitted in DL. A longer TTI length implies less frequent ACK/NACK signalling, which would reduce either time/frequency resource or power in the downlink.

L2 control signalling overhead would also be impacted by the TTI length and MAC PDU headers etc. would need to be transmitted mode frequently with a shorter TTI.

Table 3 indicates the reduction in control signalling overhead that can be achieved with each TTI length.

	TTI length
	0.5
	1
	2

	Reduction in Cat 1-3 signalling
	0%
	33%
	50%

	Reduction in ACK/NACK and L2
	0%
	50%
	75%


Table 3 Reduction in DL control signalling achieved by increasing the TTI length
Some system simulations assume the Cat1-3 + RS signalling overhead to be 29% (including pilots). Based on such an assumption, moving from a 0.5 to 2msec TTI could give a gain of up to 10% in system capacity by reducing the L1 overhead with additional gains possible through reduction of ACK and L2 signalling
Clearly, similar reductions in UL overhead for ACK and possibly modulation information would be achievable

Uplink control signalling coverage

A further consideration is the effect of the TTI length on the coverage of the uplink control signalling. In the following discussion, we consider in particular the ACK/NACK signalling. For the system to work properly, the ACK/NACK signalling cannot be longer in duration than the TTI length.
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Figure 2 Typical UL CIR conditions when UL noise rise is 0dB
	Interference rise over thermal
	Case 3 achievable SIR for ACK/NACK
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Table 4 Maximum achievable SIR for ACK/NACK in case 3 (95th percentile coverage)
Figure 2 indicates some typical uplink CIR conditions (over the full bandwidth) when the noise rise is 0dB for a 21dBm UE. Table 4 indicates the maximum achievable SIR for ACK/NACK in case 3 (the most difficult of the simulation cases in 25.814).
Figures 4-6 indicate ACK/NACK error rates achievable considering 1-10 subcarriers used for ACK/NACK signalling and a time division multiplexing of ACK/NACK signalling as indicated in Figure 3. 
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Figure 3 Example of TDM of ACK/NACK signalling
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Figure 4 SIR vs achievable ACK/NACK error rate for 0.5msec TTI and 1-10 subcarriers per ACK/NACK
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Figure 5 SIR vs achievable ACK/NACK error rate for 1 msec TTI and 1-10 subcarriers per ACK/NACK
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Figure 6 SIR vs achievable ACK/NACK error rate for 2 msec TTI and 1-10 subcarriers per ACK/NACK
The simulations consider concentrating all of the UE transmit power into a reduced number of subcarriers for ACK/NACK transmission (ranging from 1 to 10). To avoid large variances in interferenc, a number of subcarriers greater than 1 would in reality be necessary. In order to enable ACK/NACK transmission in a reasonable range of noise rise scenarios, the use of 5 subcarriers was considered for the analysis in Table 5
	TTI (msec)
	Interference rise over thermal (dB)

	
	0
	2
	4
	6
	8
	10

	0.5
	-
	-
	-
	-2.45
	-4.45
	-6.45

	1.0
	-
	-
	2.5
	0.5
	-1.5
	-3.5

	2.0
	-
	7.55
	5.55
	3.55
	1.55
	-0.45


Table 5 Difference between maximum achievable SIR and SIR for achieving 1% ACK/NACK error rate for case 3, 5 subcarriers

Table 5 indicates the difference between the SIR required for achieving 1% error rate on ACK/NACK and the maximum achievable SIR in case 3. Values marked “-“ refer to situations where it is not possible to achieve the required SIR at the indicated noise rise level. With a 0.5msec TTI, ACK/NACK coverage is not achievable for case 3. Coverage is achievable with a 1msec TTI, but only comfortably in a wide range of noise rise scenarios with a 2msec TTI. The simulations consider TDM, clearly doing FDM might allow for coverage of ACK/NACK to be extended at the cost of additional uplink throughput (by means of transmitting ACK/NACK in every symbol with a high proportion of UE power). However even if all LB symbols were to be fully utilised for ACK/NACK, coverage would still be difficult in case 3 with the 0.5msec TTI.

Minimum data rate

Assuming that some minimum useful MAC PDU size is defined, then use of a longer TTI allows for a lower minimum L1 data rate. Clearly in most situations the LTE uplink should be capable of operating well above such a minimum rate and hence minimum data rate is not of great importance in considering the minimum useful TTI length
Conclusion

The 5msec latency criterion of [2] cannot be met with a 2msec TTI and is difficult to meet with a 1msec TTI. Signalling overhead, coverage and minimum data rate considerations all suggest defining the TTI as long as possible. In particular, it is not possible to provide adequate ACK/NACK signalling coverage with a 0.5msec TTI and difficult with a 1msec TTI.

As a way forward, one of the following options is preferable:

· Consider loosening the latency requirement by a small amount and standardise a 1 or 2msec TTI

· 2msec TTI would be preferable from the perspective of comfortable achieving control signalling coverage and minimising signalling overhead, but its adoption depends on the tolerable delay

· If the delay requirement cannot be relaxed then define 2 TTI lengths; 0.5msec for achieving the delay requirement and 2msec for ensuring adequate coverage of control signalling in the UL
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