3GPP TSG GERAN#28
TSGG#28(06)0203
Brussels, Belgium
Agenda Items: 7.1.5.5, 7.2.5.3.3
16th – 20th January, 2006

Source: Telecom Italia S.p.A.

Work Item: FGE
Considerations on Reduced TTI in GERAN

1.
Introduction

Reduced TTI is currently considered in [1] as a candidate feature for reducing latency in GERAN.
This document presents an analysis on several issues which seem to be still open.

It is suggested to capture the contents of the document in [1], clause 10.3.   

2.
Reduced TTI analysis
The analysis includes the following aspects:
· Abis interface

· DL PING RTT

· UL PING RTT

· Radio resource segregation

· USF segregation

· Modulation segregation

· TTI segregation

· Latency induced by USF decoding

· MCS-8 & MCS-9 radio performance worsening
2.1
Abis interface

The exploitation of any potential advantage due to the reduced TTI over the radio interface would imply a corresponding and synchronised reduced delay over the Abis interface as well. In particular, whenever a change in the TTI value occurs over the radio interface, the same change should instantaneously be reflected over the Abis interface as well.
Even though the overall required ‘bandwidth x time’ product is the same, regardless of the specific TTI value (e.g. TTI=10 ms or TTI=20 ms), that seems to work properly over the radio interface only if considered as a stand-alone part of the system. When the Abis interface is considered as well, it seems to work in ideal conditions only, i.e. in an overall system whose reaction time is exactly equal to 0 ms (which is not feasible in practice). What is meant is that the Abis interface should be ideally flexible/dynamic to instantaneously track the changes potentially occurring over the radio interface (instantaneous transitions from 20 ms to e.g. 10 ms and vice versa). This is unfortunately not feasible, since a delay occurs between the point in time when a decision is made to perform a transition over the radio interface and the point in time when the resources over the Abis interface are adjusted/selected accordingly and such a transition is consequenlty performed over the radio interface. Instantaneous activation/deactivation of resources over the Abis interface could be even detrimental, since ping-pong effects could arise if an adequate amount of hysteresis were not taken into account. The consequent inevitable delay, introduced by the Abis interface, with respect to the instantaneous decisions on transitions which could occur over the radio interface would vanish any potential advantage introduced by reduced TTI for real-time services. On the other hand, if a fixed or a poor flexible/dynamic allocation were adopted over the Abis interface, more links would be needed anyway (theoretically up to twice the current ones if TTI=10 ms) and that would lead to remarkable impacts on the Abis dimensioning, which is not in line with the compatibility objectives defined in [1]. 
2.2
DL PING RTT
Assuming that concurrent DL & UL TBFs are already established, whenever a DL PING message is transmitted, in case of TTI=10 ms there are 2 cases (highlighted in Figures 1 and 2):

· best case: once USF is detected, the MS transmits the UL radio block in the 1st 10 ms of the next UL radio block period, as highlighted in [3, Table 1, MS A] → the average DL PING RTT is 35 ms (Figure 1);
· worst case: once USF is detected, the MS transmits the UL radio block in the 2nd 10 ms of the next UL radio block period, as highlighted in [3, Table 1, MS D] → the average DL PING RTT is 45 ms (Figure 2). 

The overall average DL PING RTT is therefore 40 ms, i.e. exactly the same time needed in case of TTI=20 ms. Consequently, TTI=10 ms does not provide any kind of latency reduction (0% gain).
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Figure 1: 10 ms TTI best case for DL PING RTT
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Figure 2: 10 ms TTI worst case for DL PING RTT
2.3
UL PING RTT
Even though reducing latency in GERAN is obviously needed, a reduced TTI does not allow for reducing latency not only in case of a DL PING message, but even in case of an UL PING message.

Table 1 and Table 2 report RTT evaluations for legacy MS and 10 ms TTI MS, respectively, based on similar evaluations reported in [2]. The first 2 rows of any table show the RTT in ideal radio conditions, i.e the MS sends the PING message which is correctly received by the BSC; in turn, the BSC sends the response message which is correctly received by the MS. The 4 rows of any table show the RTT in non-ideal radio conditions, assuming that the PING message sent by the MS is not correctly received by the BSC; the BSC then requests the retransmission via improved Ack/Nack (specific solution FFS) and once the retransmission is successfully received, the BSC sends the response message which is correctly received by the MS. 
As regards a 10 ms TTI MS in Table 2, the average waiting time for USF detection is still 10 ms as for legacy MS, since the USF scheduling is still performed on a per 20 ms basis [3, Table 1]. It should also be noted that the average time for transmitting an UL radio block is 15 ms when TTI=10 ms, as highlighted in [3, Table 1]: once USF is detected, MS A needs 10 ms, whereas MS D needs 20 ms to transmit a radio block with TTI=10 ms, i.e. it takes 15 ms on an average to transmit the UL radio block. Moreover, USF decoding implies a 10 ms delay if the DL radio block is transmitted in the first part of a 20 ms radio block period (short USF decoding in Figures 1 and 2), otherwise it implies a 20 ms delay (long USF decoding in Figures 1 and 2): so the minimum response time is 15 ms for a 10 ms TTI MS, whereas is 0 ms for a legacy MS. 
Table 1: UL PING RTT for Legacy MS + Improved Ack/Nack
	Direction
	MS
	Um
	BTS
	Abis
	BSC
	SUM [ms]

	MS(
	10 (average)
	20
	5
	20
	5
	       60

	(BSC (Improved Ack/Nack)
	
	20
	5
	20
	5
	     110

	MS( (ReTX)
	  01
	20
	5
	20
	5
	     160

	(BSC
	
	20
	5
	20
	5
	     210


1 The minimum response time equals 0 ms (USF assigned in the same radio block including the improved Ack/Nack report – the same principle as in Figure 1 and Figure 2)

Table 2: UL PING RTT for 10 ms TTI MS + 20 ms Abis + Improved Ack/Nack
	Direction
	MS
	Um
	BTS
	Abis
	BSC
	SUM [ms]

	MS(
	10 (average)
	15 (average)
	5
	20
	5
	       55

	(BSC (Improved Ack/Nack)
	
	10
	5
	20
	5
	       95

	MS( (ReTX)
	151
	15 (average)
	5
	20
	5
	     155

	(BSC
	
	10
	5
	20
	5
	     195


1 The minimum response time equals the time needed for USF assignment: USF cannot be entirely (or even at all) assigned in the same radio block including the improved Ack/Nack report – the same principle as in Figure 1 and Figure 2
As shown in Table 3, 10 ms TTI just allows for a really negligible reduction of RTT: 15 ms only, passing from 110 ms to 95 ms in ideal radio conditions and from 210 ms to 195 ms in non-ideal radio conditions.

Table 3: UL PING RTT comparison
	MS
	RTT
	Radio conditions

	Legacy MS (20 ms TTI + 20 ms Abis) + improved Ack/Nack
	110

210
	Ideal

Non-ideal

	10 ms TTI + 20 ms Abis + improved Ack/Nack
	  95

195
	Ideal

Non-ideal

	10 ms TTI + 10 ms Abis + improved Ack/Nack
	  75

155
	Ideal

Non-ideal


Even in case the reduced Abis delay were considered, the overall RTT would still be too high (i.e. 155 ms in non-ideal radio conditions) with respect to the performance objectives, i.e. less than 100 ms in non-ideal radio conditions (and it should also be noted that the value of 155 ms could only be achieved with 0 ms reaction time over the Abis interface, which is not feasible as discussed above; consequently, 195 ms is the most realistic value). 
2.4
Radio resource segregation

The reduced TTI is not compliant with the compatibility objective requiring that radio resource segregation is avoided, since it implies inevitable radio resource segregation, namely:

· USF segregation on adjacent PDCHs

· Modulation segregation on adjacent PDCHs

· TTI segregation on the same PDCH

2.4.1
USF segregation on adjacent PDCHs
Based on [3, Table 1], the following simultaneous USF scheduling cases on PDCH1 and PDCH2 are not possible on the network side:

· B on PDCH1 & A on PDCH2 → collisions in the 2nd 10 ms of the next UL radio block period on PDCH1

· A on PDCH1 & B on PDCH2 → collisions in the 1st  10 ms of the next UL radio block period on PDCH2

· B on PDCH1 & D on PDCH2 → collisions in the 2nd 10 ms of the next UL radio block period on PDCH1

· D on PDCH1 & B on PDCH2 → collisions in the 1st  10 ms of the next UL radio block period on PDCH2

· C on PDCH1 & A on PDCH2 → collisions in the 2nd 10 ms of the next UL radio block period on PDCH1

· A on PDCH1 & C on PDCH2 → collisions in the 1st  10 ms of the next UL radio block period on PDCH2

· C on PDCH1 & D on PDCH2 → collisions in the 2nd 10 ms of the next UL radio block period on PDCH1

· D on PDCH1 & C on PDCH2 → collisions in the 1st  10 ms of the next UL radio block period on PDCH2

where MSs B & C are legacy MSs and MSs A & D are 10 ms TTI MSs, as per [3, Table 1].

That would imply unacceptable constraints to the MAC scheduling (none of them being currently foreseen in the standard), since it would no longer be possible to allocate new and legacy MSs on adjacent PDCHs. 

2.4.2
Modulation segregation on adjacent PDCHs
On a per 20 ms basis the modulation scheme has to be the same on adjacent PDCHs, otherwise both the UL & DL transmission and USF decoding are not possible with TTI=10 ms. That leads to 2 drawbacks:

· throughput reduction by 66%, passing from 8-PSK down to GMSK on an adjacent PDCH experiencing radio conditions which allow for using 8-PSK, especially in an interference-limited scenario where adjacent PDCHs are likely to experience almost statistically independent radio conditions;
· waste of radio resources due to lost radio blocks, passing from GMSK up to 8-PSK on an adjacent PDCH experiencing radio conditions which do not allow for using 8-PSK.

2.4.3
TTI segregation on the same PDCH
As regards the multiplexing of both legacy and 10 ms TTI MSs on the same PDCH, it should be noted what has been mentioned above about the Abis interface: it could work over the radio interface as a stand-alone part of the system, but it cannot work properly when the delay introduced by the Abis interface is taken into account. That implies inevitable timing misalignment between the ‘theoretical’ PCU scheduler/TTI value selection inside the BSC and the ‘actual’ TTI value availability over the radio interface/Abis interface, leading to 2 drawbacks: 

· loss of any potential latency reduction (no gain in terms of RTT for any kind of real-time services);
· waste of radio resources (whenever 10 ms TTI is available over the radio interface/Abis interface whilst 20 ms only radio blocks are available in the transmit RLC buffer).      
Summing up, a quite remarkable radio resource segregation is needed:

· on adjacent PDCHs, in terms of USF and modulation segregation (otherwise collisions cannot be avoided and UL & DL transmission and USF decoding cannot be performed);
· on the same PDCH, in terms of TTI segregation (otherwise there is no gain in terms of RTT but just waste of radio resources).  
2.5
Latency induced by USF decoding

The USF decoding has a remarkable impact on the UL delay and is the main reason why TTI=10 ms does not allow for reducing latency.

This happens in any case:

· at the first UL transmission, because the average waiting time for USF detection is still 10 ms even though TTI=10 ms (since USF scheduling is kept on a per 20 ms basis); this delay will be the same for all the radio blocks in the MS transmit RLC buffer, leading to the same delay in the LLC-PDU re-assembly at the network side; 

· at subsequent UL transmissions, the USF scheduling performed on a per 20 ms basis does not allow for any gain when TTI=10 ms, since the average time needed for transmitting an UL radio block in response to (and including the transmission time of) a DL radio block is still 40 ms, regardless of the value of TTI (10 ms or 20 ms), nullifying de facto any possible latency reduction (Sect. 2.2 on DL PING RTT).
The USF scheduling equal to 10 ms would solve these problems, but this is clearly not feasible, otherwise the introduced radio resource segregation would be even worse than that due to the current proposal (which is quite remarkable anyway).
2.6
MCS-8 & MCS-9 radio performance worsening
Reduced TTI introduces a sort of ‘inevitable and virtual’ FH in an interference-limited scenario, since adjacent PDCHs are likely to experience almost statistically independent radio conditions in such a case.
MCS-8 and MCS-9 radio performance worsens whenever FH is introduced, due to their extremely high code rates (0.92 & 1, respectively). If latency is an issue and radio conditions are good enough, it is expected that MCS-8 and MCS-9 are extensively used, but without FH. A value of e.g. TTI=10 ms would anyway imply that the encoded bits of the first RLC data block in an RLC/MAC block encoded with MCS-8 or MCS-9 are transmitted on PDCH1 and PDCH2 during TDMA frame k, and the encoded bits of the second RLC data block in the same RLC/MAC block are transmitted on PDCH1 and PDCH2 during TDMA frame k+1 (the interleaving depth is limited to 2 normal bursts for MCS-8 and MCS-9 due to their code rates).

That implies 2 drawbacks:

· a higher BLER for any of the 2 RLC data blocks, due to the ‘induced’ FH, with respect to no FH scenario;
· a higher probability that, in case the first RLC data block is lost, the second one is lost as well, since the coherence time of the radio channel is likely not to expire within one TDMA frame (unless the MS is moving at least at 250 km/h @ 900 MHz), and the second RLC data block is transmitted on the next in sequence TDMA frame k+1, with respect to the first one transmitted on TDMA frame k. 
The second drawback would also consequently vanish any advantage of limiting the interleaving depth for the RLC data blocks to 2 normal bursts (instead of 4) in case of MCS-8 and MCS-9, as introduced from R99 onwards.

3.
Conclusions

Based on the above analysis, several issues remain still unsolved, namely:

· Feasibility on / Impacts to the Abis interface;
· 0% gain in DL PING RTT;

· really negligible gain in UL PING RTT;

· quite remarkable radio resource segregation, i.e. USF & modulation segregation on adjacent PDCHs and TTI segregation on the same PDCH;
· USF scheduling delay and consequent lack of any latency reduction;
· MCS-8 & MCS-9 radio performance worsening.
Reducing latency is obviously needed in GERAN, but reduced TTI does not allow at all for achieving this target. On the other hand, if reduced TTI were introduced in GERAN, that would result in several and severe constraints, drawbacks and radio performance worsening in an Operator’s network, without achieving any gain in return for them. 
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