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1 Introduction

· In High Speed Downlink Packet Access feasibility study, different approaches for the selection of the Transmission time interval (TTI) were discussed. 

· In one approach a variable TTI was proposed for the HS-DSCH, the TTI becoming hence  a dynamic parameter in the HS-DSCH transport channel characteristics of the HS-DSCH, deviating hence from the R99 DSCH model. 

· Another approach consists in retaining the R99 model for DCH and DSCH, TTI remaining hence a semi-static parameter. In the latter approach the set of allowed TTI values was to be further decided. The set of allowed values for the HS-DSCH to be finally included in the RAN specifications may be taken from the set considered for R99 {10 ms, 20ms, 40 ms and 80 ms} and possibly smaller values corresponding to 1,3 or 5 slots.  From the model as described in RAN 2 TR, the selection of the TTI would be done on a UE basis. 

· Finally a third approach, although not explicitly documented but implicitly meant in some contribution for this meeting can be considered. It consists in having a fixed TTI, which is meant to correspond to a single allowed TTI value in the RAN specifications. 

2 The present document discusses pro and cons of a dynamic TTI vs. a Semi-Static/fixed TTI approach. In a second stage semi-static and fixed TTI approaches are compared. 

3 Comparison between dynamic and semi-static/fixed TTD
Impact of TTI on control channel structure

For the dynamic TTI case, the TTI length must be signalled on a channel separate from the HS-DSCH. It can not be on HS DSCH itself, as it can not be decoded, since the interleaving depth is not known in advance by the receiver. This may be transmitted as part of the TFCI of the HS-DSCH, together with the TFCI of the DCH onto the DCH or one a separate channel as was proposed in other contributions (a form of common signalling). Depending on possible restriction on the TTI as a function of the modulation and coding, this may correspond to some added signalling amount. 

Independently of the signalling of the TTI itself, it is commonly agreed that the control channel structure is related to the TTI. As an example there is some relationship between the structure of the signalling to support adaptive modulation and coding (Link adaptation) and the TTI length. In a similar fashion there is relationship between the signalling for the support of H-ARQ and the TTI. It is not very clear at this stage how a simple signalling structure can account for dynamic TTI. There is a potential risk to have parameters of the signalling channels to support HSDPA  partly dynamic as a function of the applied TTI.

On the opposite for either semi-static or fixed TTI the signalling structure can be designed to accommodate the TTI in such a way that there is no need for the UE to change on the fly its decoding of the signalling. There could be one control channel structure (channel organisation and L1 parameters) to accommodate a fixed TTI or a semi-static, where such structure is optimised for the smallest TTI in the semi-static case. As an alternative the signalling structure can be parametrised on a per TTI value on the allowed set of values in the semi-static case. 

Granularity in offered bit rate to Users

For the dynamic TTI case, it was indicated that more flexibility in resource allocation would be obtained compared to semi-static or fixed TTI leading to a better fill frame efficiency: in case the user has fewer blocks to transmit, TTI is shortened. However our understanding is that an equivalent flexibility may be obtained by allocating fewer channelisation codes to the user whose throughput needs decrease at some point. Some more flexibility is obtained from time-multiplexing aspects, a UE being allocated resource every n-th TTI.

Time diversity and quality

If the TTI varies, the interleaving depth varies for successive blocks, thus the time diversity level is not the same, and thus the quality may not remain constant.

Complexity

UE complexity

Dynamic TTI requires the UE to  adapt to variable decoding length on the fly

Node B complexity

Granularity for the scheduling is related to the TTI. For the dynamic TTI, the scheduler in Node B would have to handle multiple allocation intervals all of which applying to all UEs. Further, dynamic TTI is presently assumed to rely on very small TTI (down to one-slot) which would make the scheduler extremely complicated, in a mandatory way. 

For the semi-static approach, if the same TTI was to be applied on all HS-DSCH in a cell, then the scheduler which is to consider all UEs together, all codes, initial transmission as well as retransmission for H-ARQ and LA aspects, may operate at a single period. The situation is the same for fixed TTI, though flexibility in adjuting the complexity is lost as a result of fixing the TTI in the specification, at a possible low value (smaller than 10 ms). Coming back to the semi-static TTI case, currently the model allows to use different TTI for different UEs leading to different scheduling periods. Still this is simpler than the dynamic TTI case, as only one value is to be considered for one UE. In Node B for the scheduling. 

There are already lots of parameters to decide for the scheduler, number of codes to allocate to a user, modulation, coding scheme…. our view is that dynamic TTI considering small TTI is not compatible with  minimal cost for initial introduction of HSDPA in the network. 

Conclusion

4 The only benefit that we see with dynamic TTI is to retain a fixed block size and fixed code allocation when modulation is changed, which among others benefits provides further flexibility for the H-ARQ and LA interaction. However multiple drawbacks are noted as described above, without clear gains. We are particularly concerned with complexity aspects both at the UE and Node B. considering NodeB the final solution adopted for HSDPA should allow for progressive introduction, with possibly restricted cost for initial introduction. It is our view that dynamic TTI does not fulfill this requirement. Therefore our preference is toward a static/fixed TTI approach. In the following we further discuss benefit of the semi-static compared to the fixed TTI.

5 Comparison between semi-static and fixed TTI

The semi-static and the fixed TTI is very close solution and in some contribution these terms are equally used. However our understanding is that these are different cases. 

In the semi-static case, different values are allowed in the standard and the selection may be done on a per UE basis. However depending on implementation constraints in the Node B, specific TTI may be applied on a cell basis or wider area basis. By having a full set of parameters, optimised operating modes possibly based on the smallest TTI in the set are allowed, whereas sub-optimum operation may also be allowed on the basis of the largest values. This therefore supports progressive introduction of HSDPA accounting hence for equipment deployed in early staged but allowing optimisation for future equipment. 

6 In the fixed TTI approach, it is our understanding that a single value would be allowed. Unless such a value is 10 ms, the smallest value allowed in R99, we believe that this will not be in accordance with the requirement that HSDPA could be introduced as minimum cost in the network. 

7 Conclusion

Considering impact on signalling, UE and Node B complexity our preferred approach is the semi-static TTI. Though it is our view that the set of allowed values should be obtained as the best trade-off between complexity due to the handling of multiple values, efficiency and implementation constraints. 10 ms should be part of the set as this is the smallest value considered in R99. One or multiple smaller values, which are divider of radio frame length, may be added if they prove to provide significant performance improvement.
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