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1
Introduction

During the Enhanced Uplink DCH Study Item discussions RAN1 has seen a number of documents with system simulation results using both 10 ms and 2 ms TTI. Some of those results were captured in the SI TR [9] and many others have been introduced, e.g. tdocs [1,2,3,4] from Qualcomm. During the RAN1 discussions we have expressed our concerns related to the possible introduction of a shorter TTI and have now collected them to this document in order to share them with RAN2 as well.

2
Discussion 

2.1
On HARQ operating point and TTI

Simulations in [1,2,3,4] and many of the simulation results agreed to the SI TR [9] as well as in several other documents have used as a simulation assumption that:

· With 2 ms TTI the residual BLER after 4 HARQ transmissions is 1% and for those 1% of failed TTIs an RLC level retransmission is used.

· With 10 ms TTI the residual BLER after 2 HARQ transmissions is 1% and for those 1% of failed TTIs an RLC level retransmission is used

This results in average with around 3 transmissions per packet for 2 ms TTI and 1.2 transmissions per packet for 10 ms TTI.

Delay behaviour: With the above assumptions, the we end up with roughly the same maximum L1 delay for both TTI lengths but longer average delay for 2 ms TTI than for 10 ms TTI (around 26 ms and 13 ms respectively) [6].

Data rate capacity and capability of 2 ms TTI: With the above assumptions, in order to obtain 384 kbps user throughput with 2 ms TTI the UE and the network would have to be capable for around 1.2 Mbps operation and the Node B would have to allocate roughly three times more processing resources that it would need to do for the same user throughput with R'99 system. Similarly, with 2 ms TTI, if the user throughput were e.g. 1 Mbps, the UE and the Network would need to be capable of and allocate resources to handle roughly 3 Mbps. This is again resulting from the assumed high number of transmission attempts per packet when using 2 ms TTI.

Data rate capacity and capability of 10 ms TTI: Further with the same assumptions as used in e.g. [1,2,3,4] for 10 ms TTI, the required UE and network capabilities and allocated network resources would be roughly 1.2 times higher than the experienced user throughput

In other words, with the used simulation assumptions, with 2 ms TTI the user would get at maximum of only ~33% of the throughput than the allocated capacity and the required capability, as with 10 ms TTI the user throughput would be around 83% of the required capacity and capability.

Naturally, and as we among others have expressed during the RAN1 meetings, this is not the only way of operating a 2 ms TTI system nor comparing it to 10 ms TTI system, but this is the way used and claimed useful in a large number of simulation papers as well as in many of the simulation results included in the SI TR [9].

2.2
On layer 2 overhead

Unless the specifications are changed from R'5, the RLC PDU size is the same for all the TFCs in a TFCS, and this RLC PDU must fit to one TTI in the lowest data rate TFC. The RLC PDU header size [5] is 16 bits and the CRC size is also 16 bits. Allowing 10% overhead from the RLC PDU header results with a minimum air interface data rates of 32 kbps and 160 kbps for 10 ms and 2 ms TTI respectively. Thus with 2 ms TTI design there is a trade off between the minimum possible data rate to the L2 overhead to be considered. 

It is worth noting that the simulation results with 2 ms TTI in the SI TR [9] do not take into account this overhead which would be (with the used assumptions) over two fold for 2 ms TTI. 

Finally we would like to point out that simply by introducing e.g. 160 kbps as a minimum air interface data rate the layer 2 overhead for 2 ms TTI could be reduced to 10%, i.e. the same as for 32 kbps minimum data rate for 10 ms TTI. However having this relatively high data rate as a minimum data rate could have impact in the uplink coverage.

2.3
Impact of the TTI length in the air interface

It can be assumed that at least the HARQ related signalling has to be done in one TTI. It is probably quite safe to assume the same also for the scheduling related signalling as well. Intuitively it is clear that if the signalling period is reduced to one fifth, maintaining the same reliability for the signalling requires five times more transmission power. Thus the amount of signalling overhead both in the uplink and in the downlink is increased five-fold. This may be further increased due to the loss of interleaving gain seen with a longer TTI.

Higher required transmission power for the signalling implies shorter range in the uplink and higher capacity penalty and interference increase in the downlink [7].

Finally, some uplink coverage loss (around 1 dB with medium speeds [8]) would be experienced with 2 ms TTI due to lost interleaving gain compared to 10 ms TTI with the same assumptions.

3
Concerns raised by RAN WG3

In the January 2004 Rel-6 ad hoc in Korpilampi, RAN1 received an LS [10] from RAN3, where RAN3 notified RAN1 that the possible introduction of a shorter TTI (e.g. 2 ms) to the air interface would require introduction of the shorter TTI also to the Iub in order for the delay benefit of the shorter TTI to fully materialise. RAN3 also notified RAN1 that introducing a shorter TTI on the Iub would require further investigations in RAN3.

Extract from the RAN3 LS [10]:

· In the current Iub/Iur FP specification (TS25.427), the frame transmission interval is only 10ms.  It means that Node B only can send UL DATA FRAME every 10ms over Iub/Iur. Thus it is questioned that how much UTRAN delay (e.g., UE -> SRNC delay) can be reduced with shortening the TTI in case 10ms TTI is used over Iub/Iur. It is RAN3 opinion that the delay gain due to 2 ms TTI in absence of HARQ retransmissions in the Node B is not significant. However, some companies in RAN3 think that the delay gain with 2 ms TTI in presence of HARQ retransmissions in the Node B should further be studied 
· If we introduce 2ms as the frame transmission interval, RAN3 needs to study the impact, especially RNC complexity to handle the shorter transmission interval.  
4
Concerns raised by RAN WG4

In the RAN1 meeting #36 in Malaga on February 2004, RAN1 received an LS [11] from RAN4, where RAN4 notified RAN1 of their concerns on the timing requirements of the TFC selection, PAR and interference issues and offered their assistance in analysing these cases further. The first and third point in the RAN4's list should be considered and studied further when discussing the introduction of shorter TTI.

Extract from the RAN4 LS [11]:
Timing requirements for TFC Selection

RAN4 feels that in the context of TFC selection for E-DCH, the topics, like how often we expect the TFC selection algorithms to function, should thoroughly be discussed and analysed already in the concept development phase. RAN4 has found out that this may have impacts on UE complexity or the system performance depending on how the concept is defined. When RAN4 defined the existing R99 TFC selection requirements for power limited situation, some relaxations were requested to the proposed requirements due to too demanding time-domain operations. For this reason the following sentence was added to the TFC selection requirements of TS25.133: The evaluation of the Elimination criterion and the Recovery criterion shall be performed at least once per radio frame. Additionally, the whole TFC selection procedure and requirements have created extensive discussions both in RAN4 and RAN2 and therefore RAN4 feels that the guidance from RAN2 would be useful on this area.

The introduction of a new CCTrCH of E-DCH type with only one E-DCH per CCTrCH there would not necessarily need to be any modifications to the R'99 TFC selection and elimination functionality. However some kind of E-TF selection and elimination procedure connected to the R'99 TFC selection will have to be introduced. Defining the functionality and time-domain requirements of that may not be a trivial task. Obviously the time-domain requirements would have to be tighter and the processing power requirements higher if this task would have to be performed every 2 ms.

Extract from the RAN4 LS [11]:
Interference issues

In the past some concerns were raised in RAN4 about potential capacity and QoS impacts caused by bursty nature of compressed mode transmission. The issue was carefully studied and it was found out that with a sensible usage of compressed mode, impact on WCDMA capacity is negligible.It should be investigated if such assumptions are applicable to fast Node B controlled uplink scheduling techniques. Thus, RAN4 feels that also in case of E-DCH, this interference issue should carefully be analysed before finalising E-DCH concepts and parameters. This potential interference problem should be analysed in different environments using several different parameter combinations that could be used in E-DCH in order to understand the full dynamics of the potential problem. The analysis should help in identifying necessary restrictions to the parameters and concept in general. Some aspects to be considered before selecting the final concepts and parameters, are listed below:
· Typically frequent and large power steps in the uplink transmission will cause additional uplink interference and increase to uplink noise rise variance. 

· For shorter TTI, the frequency of change in data rate is expected to be higher assuming the same scheduler. Hence, the impacts of scheduling schemes for each concept should be thoroughly investigated.

· The larger the change of data rate, the larger the power step. If we assume the same amount of data being transmitted in one TTI regardless of the length of TTI, the power step size is larger for a shorter TTI.
· The interference impacts due to different network loads, different number of users and mixture of different type of traffic sources. 

The 2 ms TTI delay benefit is basically available if the packet can be transmitted in one TTI. This would imply roughly 7 dB higher transmission power for 2 ms TTI than for 10 ms TTI to send the same data and thus the shorter TTI would introduce considerably higher and more frequent interference peaks to the system. Before introducing such changes to the system, more thorough study of the impacts to the network would have to be carried out.

5
Conclusions

This contribution briefly discussed our concerns on the possible introduction of 2 ms TTI in general

In chapter 2.1 we point out that the HARQ operating point used in a number of link and system simulation documents by the proponents of the 2 ms TTI show only one part of the big picture and the drawbacks of such approach were not addressed. 

In chapter 2.2 we point out the impact of L2 overhead when introducing a shorter TTI.

In chapter 2.3 we have addressed the impact of 2 ms TTI to the air interface and in particular the impact to the need for increased signalling power due to shorter TTI.

In chapters 3 and 4 we re-introduced the RAN3 and RAN4 concerns on several topics related to the introduction of the 2 ms TTI that have not yet been addressed within the RAN WGs.

In conclusion, we see that before agreeing in introducing a new TTI length, the gains should be clear, drawbacks addressed in all the relevant WGs and the results evaluated against the complexity increase a new TTI length would introduce to the system.
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