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1. Introduction
At the last RAN1 meeting in Cannes, there have been long discussions on the TTI length issue (for the data channels, Common Channels are FFS). 
The main problem with a single TTI of 0.5 ms compared to a longer TTI, is that it implies a very large overhead and therefore seriously degrades the capacity.

Some companies would prefer having 2 TTI lengths, one TTI length for optimized latency (e.g. 0.5 ms) the other one (e.g. 2ms) for optimized coverage and reduced overhead, however this is at the expense of increased complexity in the scheduler and in network deployment (Something we currently experience with E-DCH). 
This is why some companies (including Nortel) think that having a single TTI length larger than 0.5ms would be preferable. We think a single TTI length of 1 ms could allow decreasing the overhead and thus impoving the capacity while not impacting too much the coverage and the latency.
This paper tries to analyse the impact on the latency of changing from a 0.5 ms TTI to a 1 ms TTI.

2. Latency evaluation with a 1 ms TTI
Impact of TTI length on U-Plane latency analysis
Below is the table drawn from the TR 25.912.
Table 1 : U-plane latency analysis (estimated average) – TTI = 0.5 ms
	Step
	Description
	Value

	0
	UE wakeup time
	Implementation dependent – Note included

	1
	UE Processing Delay
	1ms

	2
	Frame Alignment
	0.25ms

	3
	TTI for UL DATA PACKET (Piggy back scheduling information) 
	0.5ms

	4
	HARQ Retransmission (@ 30%)
	0.3*2.5ms

	5
	eNB Processing Delay (Uu –> S1-U)
	1ms

	6
	S1-U Transfer delay
	Ts1u (1ms – 15ms)

	7
	UPE Processing delay
	0.5ms

	
	Total one way delay
	4ms + Ts1u


If the TTI was changed to 1 ms, the impacted steps would be:

· Step 2: Frame alignement would be 0.5 ms (TTI/2)

· Step 3: The TTI of course

· Step 4: This steps depends on the TTI but also on the number of HARQ processes. Two possibilities have been kept: 3 processes or 4 processes.

One could object that a larger TTI length, meaning larger blocks, processing times, would also imply larger processing delays. However, the requirements being for small packets, it is believed that a TTI of 1ms would not mean larger processing times in the conditions of the requirement.

U-Plane latency analysis for TTI length = 1ms

Below is the latency analysis for a TTI of 1ms and 3 HARQ processes 

Table 2: U-plane latency analysis (estimated average) – TTI = 1 ms – 3 HARQ processes

 

	Step
	Description
	Value

	0
	UE wakeup time
	Implementation dependent – Note included

	1
	UE Processing Delay
	1ms

	2
	Frame Alignment
	0.5 ms

	3
	TTI for UL DATA PACKET (Piggy back scheduling information) 
	1 ms

	4
	HARQ Retransmission (@ 30%)
	0.3*3*1ms = 0.9

	5
	eNB Processing Delay (Uu –> S1-U)
	1ms

	6
	S1-U Transfer delay
	Ts1u (1ms – 15ms)

	7
	UPE Processing delay
	0.5ms

	
	Total one way delay
	4.9 ms + Ts1u


 
Below is the latency analysis for a TTI of 1ms and 4 HARQ processes 

Table 3: U-plane latency analysis (estimated average) – TTI = 1 ms – 4 HARQ processes

 

	Step
	Description
	Value

	0
	UE wakeup time
	Implementation dependent – Note included

	1
	UE Processing Delay
	1ms

	2
	Frame Alignment
	0.5 ms

	3
	TTI for UL DATA PACKET (Piggy back scheduling information) 
	1 ms

	4
	HARQ Retransmission (@ 30%)
	0.3*4*1ms = 1.2

	5
	eNB Processing Delay (Uu –> S1-U)
	1ms

	6
	S1-U Transfer delay
	Ts1u (1ms – 15ms)

	7
	UPE Processing delay
	0.5ms

	
	Total one way delay
	5.2 ms + Ts1u


 

3. Conclusion

As we can see, the impact of a single TTI of 1ms is rather small (0.9ms with 3 HARQ processes, 1.2 ms with 4 HARQ processes) especially with regards to Ts1u estimated between 1ms and 15ms. It is believed that this small impact should not prevent the use of a single TTI length of 1ms given the improved capacity and performances (from reduced overhead) compared to 0.5ms case and simplification of the system compared to the 2 TTI proposal.
It is to be noted however that the latter case leads to a U-Plane latency of slightly more than 5 ms which was the initial requirement.

This is why Nortel proposes to send a LS to RAN in order to clarify and ease the requirement. It is indeed not clear whether the requirements takes into account s1 interface or not, and also, it may not be a serious problem to ease a little bit the requirement given the advantages a longer TTI can bring.

Nortel also proposes to agree on a single TTI length concept (for data channels at least, a larger TTI may be needed for Common Channels). The value of 1 ms seems a good trade-off and is proposed as a starting point for discussion.
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Annex 
Here after is the requirement on U-Plane latency extracted from TR 25.913.
6.2.2
U-Plane Latency

Following definitions apply to user-plane latency requirements:
U-Plane Delay Definition – U-plane delay is defined in terms of the one-way transit time between a packet being available at the IP layer in either the UE/RAN edge node and the availability of this packet at IP layer in the RAN edge node/UE. The RAN edge node is the node providing the RAN interface towards the core network.
Specifications shall enable an E-UTRA U-plane latency of less than 5 ms in unload condition (ie single user with single data stream) for small IP packet, e.g. 0 byte payload + IP headers E-UTRAN bandwidth mode may impact the experienced latency
Note: This requirement, more specifically the exact definition of latency, may be revisited and further clarified once there is a 3GPP system end-to-end requirement agreed and the overall system architecture is settled, including the RAN and core network functional split. This means that the network entities between which the U-plane latency requirement of E-UTRA and E-UTRAN applies, will finally be defined at a later stage.












