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Proposal for a 5 ms TTI solution
1. Introduction
Different solutions to reduce the Transmission Time Interval from 20 to 10 ms have been presented in several papers during the discussion on Latency Reduction for GERAN evolution, see for example [1].
One of the reasons for initially considering 10 ms TTI was related to the possibility to exploit a Dual Carrier capability to send the 4 bursts that constitute a legacy radio block on two consecutive TDMA frames (i.e. 10 ms on average) and using two different carriers.
However, Siemens’ opinion is that we should not bind latency reduction features to the support of Dual Carrier. This consideration is at the basis of the proposal in [1], where the 4-burst RTTI blocks are realized by transmitting in two consecutive TDMA frames using two timeslots which are not necessarily on different carriers.
In principle the concept can be extended to achieve a 5 ms TTI, by sending 4 bursts in a single TDMA frame, by using four (consecutive) timeslots.
2. 5 ms TTI solution
The problem of this proposal is that it is apparently not possible to have a symmetric solution (i.e. a solution which is valid for both the downlink and the uplink) due to impossibility for (single-carrier) mobile stations to receive and transmit on 4 timeslots in the same TDMA frame.

But, receiving and transmitting a radio block in the same TDMA frame is not strictly necessary to help reduce the latency. A solution that allows mobile stations to alternate between receiving a radio block in a TDMA frame and then transmitting a radio block in the subsequent TDMA frame would also yield significant benefit.
This is clearly possible as outlined in the figure below.
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Figure 1: 5 ms TTI solution: transmission/reception in DL and UL 
In the figure a DL radio block is sent in TDMA frame N, also containing the USF to allow transmission in the next uplink TDMA frame (N+1). If the mobile station needs to transmit in frame N+1 it might not be able (depending on MS capabilities) to monitor all the needed DL timeslots in the same TDMA frame. But we could easily specify that in this case (i.e. when the mobile station needs to transmit in a given frame) the mobile station is not mandated to read (all of) the DL timeslots in the same frame. Note that this could be very similar to the rule we already have for EDA.
Then, going back to the figure, since the mobile station cannot receive any USF in the TDMA frame N+1, it will not transmit anything in the TDMA frame N+2 and therefore will be allowed to receive a further DL radio block in the same period, and so on.
The only constraint of this solution is that it will not be possible for both the network and the mobile station to transmit radio blocks onto two consecutive TDMA frames (Again, this restriction is valid with currently available MS capabilities, but can be overcome with dual-carrier configurations!).
The overall effect is that, even if 4 timeslots are allocated to a given mobile station in both directions, they can be used (if there is the need to maintain the same bandwidth in UL and DL) only every other frame. Therefore, the corresponding maximum throughput equals the one that can be achieved with a 2 DL + 2 UL configuration. But the benefit would be of course in terms of reduced latency. 
Furthermore, even though the 4 allocated timeslots can only be used every other frame for a given mobile station, other mobile stations in RTTI TBF mode can be easily multiplexed on the same radio resources, thus reducing the risk of radio inefficiencies.
The figure below shows the scheduling opportunities for 2 RTTI TBFs on the same resources: the resources that cannot be used by a given TBF can be used by the other one.

[image: image2.emf]1

0

t

5 ms

2

3

TS

MS1 MS2


Figure 2: 5 ms TTI solution: Scheduling opportunities for 2 RTTI TBFs on the same resources
The benefit of this approach in terms of latency reduction is quite evident when deriving the corresponding RLC RTT.
Assuming that in this case the “MS reaction time” (time between setting a polling indication in the DL and sending a feedback information in the UL) could be lower than one TDMA frame (as shown in Figure 1), the RLC RTT would result in:
RLC RTT = BSC delay (10) + 2x Abis delay (5) + 2x BTS delay (<5) + 2x Um delay (5) + MS reaction time (<4)  = ~40 ms 
The gain is also evident from the table below, where the transmission delay an RLC block transmitted 1, 2 and 3 times is shown in three different cases: a legacy, a “10 ms TTI” and a “5 ms TTI” TBF.
	
	BSC
	Abis
	BTS
	Um
	MS
	Sum

	BSC (
	10
	20/10/5
	<5
	20/10/5
	
	55/35/25

	(  MS
	
	20/10/5
	<5 
	20/10/5
	40
/10
/<4
	

	BSC (
	10
	20/10/5
	<5
	20/10/5
	
	195/105/65

	(  MS
	
	20/10/5
	<5 
	20/10/5
	40/10/<4
	

	BSC (
	10
	20/10/5
	<5
	20/10/5
	
	335/175/105


Table: Delay budget for an RLC block transmitted 1, 2 and 3 times 

with legacy / 10 ms TTI / 5 ms TTI TBFs
One could point out that the restriction to transmit every other frame would limit the benefit of the proposal. This is only partly true. In any case this effect has been taken into account in the simulations shown in [2].

Another important point is that, although not discussed here in detail, the same considerations made in [1] for the “10 ms TTI” approach remain valid for the “5 ms TTI” solution:
· it is possible to define both “4-burst” and “2-burst” RTTI radio blocks. In this case 2-burst RTTI radio blocks would be sent by using just two timeslots in the same TDMA frame (and the restriction to transmit every other frame could thus be limited/avoided!)
· The rules regarding the stealing flags settings defined in [1] can be easily adapted 

· The rules regarding the USF scheduling defined in [1] can also be easily adapted
3. Conclusions

A proposal to realize a 5 ms TTI solution has been presented, showing the corresponding expected gains. The full benefit of the proposal is also shown in the preliminary simulation results contained in [2]. 
It is suggested to consider the 5 ms TTI variant as the best “reduced-TTI solution” that would help reduce latency in GERAN.
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� currently minimum possible MS reaction time 


� value considered so far in many papers for “10 ms TTI” TBFs (could be set to <4 for a better comparison)
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