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1 Introduction 

In this paper the TTI length and multiplexing issues for E-DCH are discussed. 

2 TTI length 

TTI length and uplink channel structure has been discussed already in several papers in the previous meetings. Our opinion has been, that the TTI length should be fixed: i.e. one TTI length, 10ms or shorter (e.g. 2ms), is defined for E-DCH. The TTI length should be selected in such way that it works in the best way in most cases and makes it possible to minimise the complexity of implementation. Additional flexibility should be avoided without clear reason, since it always increases complexity.

The most important issue here what we would now like to draw the general attention to, is whether we get clear delay reduction with shorter TTI lengths. That should be the basis of any decisions to have shorter TTI. Since this is the only thing that would justify the adoption of shorter TTI.

There are already clear worries in terms of complexity and performance due to 2ms TTI, if so called independent 2ms TTI (independent meaning the data rate can change every 2ms) is adopted, mainly in following areas:

· The requirement of more frequent processing of TFC selection algorithm => is this the idea ? Currently the requirement is that UE is required to calculate and operate the TFC selection algorithm at MAC level only every 10ms, not more often. Independent 2ms TTI, might suggest 5 times more frequent operation of TFC selection algorithm. This may also imply an added requirement of 5 times faster rate adaptation (TFC blocking) which should only be justified with a significant performance benefit. It should be noted that TFC selection algorithm, when specified for rel99, was defined with the assumption, that the rate changes are supposed to happen not very frequently. Already now the TFC selection algorithm is a very complex algorithm, so it should be discussed quite carefully, is it acceptable to increase the complexity of that even further.

· The 2ms TTI needs five times more signalling than 10ms TTI. If TFC can change every 2ms, 5 E-TFCIs need to be sent per 10ms radio frame. If TFC can change only every 10ms, one E-TFCI per 10ms radio frame is enough.

· Since the main driver of 2ms TTI is the reduced delay, it implicitly means that bigger power changes are used due to TFC change with 2ms TTI than with 10ms TTI. Bigger power changes mean bigger power error in the transmit power. This will mean more uplink interference. This issue is discussed more in [7]. 

Some contributions, e.g. [8], have stated that 2ms TTI has been shown to yield a significant improvement from a delay perspective. E.g. in [8] the conclusion was that 2ms TTI gives 30 % delay reduction. We do not agree with this percentage value. The assumptions and parameters were not available for the simulations presented in [8], those should be shown first before anything can be concluded. Further, we didn’t understand was this mentioned delay reduction in the maximum delay (maximum we mean e.g. 95 % percentile) or in the average delay. This should be also clearly discussed what delay we are looking at, otherwise it is not understood what is being discussed. Our understanding, based on our own simulations, is that there is only around 5-10 % delay reduction due to 2ms TTI. Here we mean the maximum delay (95% percentile). This is discussed further in [9]. 

Thus our general opinion is that 2ms TTI should be adopted only if there is clear reduction in the delay, since there are already clear worries existing both in complexity and performance. Our opinion of the clear reduction is that there should be at least 20 % reduction in the delay before it justifies the adoption of shorter TTI length.

3 Uplink channel structure
Here we discuss different possible alternatives for uplink channel structure. For clarification, once again mentioned in this chapter, our opinion is that 10ms TTI should be adopted, since we don’t believe there is clear delay benefit from shorter TTIs.

However, it is fine for us that further discussion is done also for shorter TTIs, in terms of channel structure. This can be done in parallel with the delay analysis discussion, to save time in WG1. However, we want to make sure that it is understood by other companies, that we support the channel structures for shorter TTIs only if a clear delay reduction is found and a consensus is reached on that area that it exists. 

3.1 
10 ms TTI for E-DCH
For 10ms TTI, the multiplexing scheme of rel’5 can be used. 

3.2 2ms TTI for E-DCH and 10ms TTI for DCH

3.2.1 TrCH processing - number of CCTrCHs [2]

It is noted that the number of CCTrCHs is somewhat separate issue compared to the issue whether we will have time multiplexing or code multiplexing for E-DCH and DCH in physical channel dimension. With this we mean that having several CCTrCHs is possible to be transmitted either by time multiplexing in a same physical channel or with code multiplexing on separate physical channels. But there might be other issues involved.
The number of CCTrCHs from transport channel processing point of view has been discussed in [2]. There it has been proposed, that the E-DCH with 2ms TTI and DCH with 10ms TTI would be transmitted on separate CCTrCHs.

Currently, only one CCTrCH is allowed in uplink. It is noted that there has earlier been a separate work item in WG2 for having several CCTrCHs of dedicated type in downlink, since it was seen that further studies were needed in WG2 before it could be accepted. The possibility of having several CCTrCHs in uplink direction should be also studied carefully by WG2, and not automatically assume in WG1 that it is acceptable. It should be studied whether it will have some implications to higher layers. Thus WG1 needs to consult WG2 on this issue, whether several CCTrCHs are acceptable to them. It is thus proposed that WG1 sends an LS to WG2 asking their opinion on this.

3.2.2 Physical channel dimension 

3.2.2.1 Code multiplexing of 2ms E-DCH TTI with 10ms DCH TTI

a) Separate CCTrCHs transmitted on different DPDCHs [3]

In [3], a separate DPDCH (set) is proposed to be allocated for the E-DCH(s) with shorter than 10ms TTI, but the DTXed frames of the DPDCH carrying longer TTI length DCHs would possibly also be utilised.
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Figure 1: Example of transmission using both 2 ms and 10 ms structures. The transport format combinations in this example are defined such that CCTrCH10 is mapped onto DPDCH1, while CCTrCH2 is mapped onto DPDCH2, and, in case of no CCTrCH10 activity, on DPDCH1.
We would like to point out following problems in this proposal

· Mandating to have several DPDCHs is increasing PAR as discussed in [1]. What we mean that with this proposal it is not possible to have a terminal of 384kbit/s UE capability with minimised PAR, and still allow simultanoues transmission of voice (DCH) and packet data (E-DCH).

· Not possible to utilise 8PSK in order to minimise PAR, for terminals of 3*384=1.2Mbit/s UE capability, if DPDCHs would have different spreading factors [1]. And here it seems that DPDCHs would have different spreading factors, e.g. SF=64 for voice and SF=4 for packet data.

· Uplink capacity allocation from packet scheduling point of view is not accurate. If network has allocated uplink resource of amount referring to e.g. 768kbit/s to this user, the end result is however, that user is able to utilise only 384kbit/s most of the time. This is not very optimal usage of uplink capacity. Note, network has no knowledge or control of when the UE is transmitting at only 384kbit/s in this case, if the simultaneous service causing this phenomenon is voice. Thus it is impossible for the packet scheduler to allocate the unused capacity (768k- (384k+voice)) either to any other user with this kind of structure. 

· It is not a nice feature, that we would have a terminal supporting e.g. 768kbit/s (this data rate advertised to the end user), and then in real situation, the possible data rate would be only 384kbit/s most of the time when used simultaneously with voice. The end user would be disappointed.

3.2.2.2 Time multiplexing of 2ms E-DCH TTI with 10ms DCH TTI
b) Single CCTrCH, time multiplexed into the same code channel(s) [5]

This is the proposal Nokia presented already in the previous meeting [5]. Figure 2 shows the main structure and idea of it. The method assumes a fixed TFC during the radio frame.
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Figure 2. Time multiplexing of DCHs and E-DCH with 2 ms TTI
Pros:

· With a fixed TFC during a 10ms radio frame, the effect of short TTI length into TFC selection algorithm would be minimised. Very minor changes would probably be needed in the TFC selection algorithm. The frequency how often TFC selection algorithm need to be processed can be the same as in current specification, once per frame. 

· Signalling and overhead would be reduced, since only one E-TFCI would be needed per 10ms radio frame. 

· CCTrCH structure would not require any major changes: bits to indicate positions of short TTI E-DCH would be inserted at transport channel multiplexing and the short TTI E-DCH would replace the indication bits after the 2nd interleaving. 

· Soft handover with non-E-DCH capable Node Bs would be possible with this method.

· PAR would not be increased. All the issues mentioned to be not possible in the previous method would here be possible: terminal with 384k UE capability would be possible with minimised PAR and still allowing simultaneous voice and packet data transmission. Utilising 8PSK for 1.2Mbit/s terminal for minimising PAR, and accurate uplink capacity allocation would also be possible.

Cons:

· E-DCH data rate could be changed only every 10ms, not for every 2ms TTI. This means that the delay reduction for the average TCP/IP delay would be smaller. However some delay reduction in the maximum TCP/IP delay would still be achieved, since the L1 retransmission round trip time can be shorter with 2ms TTI (around 10-12ms) compared to the case with 10ms TTI (around 30-40ms). The bigger the amount of retransmissions, the bigger the reduction in the delay. We think that the most important thing in the delay reduction discussion is to concentrate on analysing what is the maximum delay (95% percentile).

c) Separate CCTrCHs time multiplexed into single DPDCH [4]
In [4], a method to multiplex CCTrCH carrying 2ms TTI E-DCH(s) and the CCTrCH carrying 10ms TTI (E-)DCH(s) into same DPDCH has been presented. There it has been additionally proposed that the spreading factor of the DPDCH could be changed in 2ms time periods. 
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Figure 3. Time multiplexing through compression.
Pros:

· PAR would not be increased. All the same pros related to PAR that was mentioned also in b), since this is a time multiplexing method.

Cons:

· There could be significant power changes every 2ms due to the spreading factor change. To allow simultaneous transmission of the CCTrCHs, the spreading factor of the DPDCH could be changed in 2ms time periods. 

·  TFC selection definitions and requirements would need to be modified to support 2ms TTI. Thus is the proposal that TFC selection algorithm would need to work 5 times more often than currently ?

· Multiple CCTrCHs, the comment for the possible cons should be asked from WG2, referring to their earlier discussions on this issue. 

General comment to this scheme from us is that we think that this is quite an interesting proposal. We like it in the sense that it describes a proposal for time multiplexing. We think that having PAR minimised is the most important issue in the uplink structure. So we are interested to study this further along with our scheme [5]. 

However, we think this scheme could also be generalised into a case where TFC is fixed during 10ms. Then we would still get the delay reduction in the maximum delay as explained in the method b). And then we could define that TFC selection algorithm can still work only once per 10ms. The consequence would be that power changes would happen only every 10ms and power errors due to power change would also be minimised.

4 Conclusions
This paper continued the discussion of TTI lengths for E-DCH and multiplexing alternatives for E-DCH with shorter than 10ms TTI length and DCH. The selection of only one TTI length for E-DCH is considered desirable. 

We propose to study the proposals [4] and [5] further. We think they are the most promising proposals in the sense that they allow time multiplexing of E-DCH and DCH into same code channels, which will minimise PAR. It will also allow more accurate uplink capacity allocation in the packet scheduler than code multiplexing, at the same time allowing the UE to utilise the maximum data rate that it supports. These features are important to be allowed also in case of simultaneous transmission of voice and packet data.

The way forward could be to send an LS to WG2 asking what is their opinion on multiple CCTrCHs. Are the old concerns still valid for that issue or not.

In addition to that we would like to still point out that we don’t yet believe in the clear delay reduction that has been advertised earlier due to 2ms TTI. We will support any 2ms TTI scheme only if clear delay reduction will be found and consensus on that reached. If no delay reduction gain (at least 20% delay gain should be found, otherwise additional complexity is not acceptable) is found, then we feel 10ms TTI should be selected for EDCH.

Here we repeatedly have the old text proposal for the TR for chapter 8.3 Multiplexing alternatives, highlighting the fact that the definition and requirements for TFC selection algorithm has to be clarified for shorter TTI lengths. This was discussed so late in the previous WG1 meeting, that we think there was no time to agree on it. It is however very important complexity issue to define whether additions to TFC selection algorithm are required due to some new structure. 

We also added the point of multiple CCTrCHs and its impact to higher layers into the text proposal.
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----------------------------------------Text proposal for TR25.986 section 8.3 starts here----------------------------------------------

8.3
Multiplexing alternatives

This chapter is describing the different alternatives of how E-DCH can be multiplexed with the existing Rel'99 channel structures. (E-DCH is used as a general term referring to both a possible new type of transport channel and to possible enhancements to an existing transport channel)

There are basically two different alternatives to introduce the E-DCH: it can either be time multiplexed with other DCHs in the same way as different DCHs are multiplexed in Rel'99 or it can be code multiplexed, i.e., sent using a dedicated code channel. These alternatives are described and discussed in the following subsections.

Issues that need to be studied when considering each multiplexing alternative are:

· Possible introduction of  TTI lengths shorter than 10ms

· Possible Slot or frame synchronism for E-DCH users

· Flexibility of H-ARQ operation for both soft-handoff and non soft-handoff case.

· Variable gain factors and modulation for E-DCH

· Peak to Average Power Ratio (PAR)

· Interoperability with Rel’99/Rel’4/Rel’5 base stations and support of existing R99/4/5 channels
· Definition and requirements for TFC selection algorithm with shorter TTI lengths
· Possible multiple uplink CCTrCHs impacts to higher layers

----------------------------------------Text proposal for TR25.986 section 8.3 ends here----------------------------------------------
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