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1. Introduction

At the last RAN WG1 meeting, TTI length were discussed. The working assumption adopted at the joint RAN1/RAN 2 meeting in April that consisted in retaining the R99approach consisting in having a sem-static TTI was not questioned. The set of valid was discussed. 3 values are currently under discussion 1 slot, 3 slots and 15 slots. 

Whereas smaller values such as 1 or 3 slots are needed in order to take the best advantage of fast link adaptation, the 15 slot values was proposed in order to provide some backward compatibility with R99, as 15 slot is the smallest TTI considered in R99. 

At the last RAN1 meeting, concerns on UE memory aspects were addressed. It was clarified, that what mattered was the TTI and the number of ARQ sub-processed as seen by the UE if we rely on a N-SAW ARQ process, rather than the TTI itself. So considering that a UE capability would be introduced in relation with the memory to support HARQ, larger TTIs than 3 slots or 1 slot such as 15 slots at a fixed number of channelisations code would be possible provided that the UTRAN performs the scheduling in such as way that there is no memory overflow. This could be done by scheduling transmission every 5 TTI with TTI=15 slots if we take as a reference a 3 slot TTI. This would mean that if a UE was to support a maximum peak bit rate on the basis of TTI=3 slot, the peak bit rate for a longer TTI would be reduced. However the support of longer TTI could also be more clever and account for the positive acknowledgment receive from the UE, in order to limit the reduction of the peak bit rate and take best advantage of the UE memory. 

In reference [2], several points requiring further clarification regarding the support of 15 slots TTI are identified. In the present contribution we provide answer to these points and provide additional clarification as well.

2. Further clarification on introduction of TTI length of 15 slots

2.1.  Relation between TTI of 15 slots and UE capabilies (Number of bits per TTI and number of codes)

The full set of new parameters defining the UE capability is still under debate. There are multiple candidates. One of them is number of channelisation codes at SF=16 that may be handled [3][4]. This provides some physical channel capability related to the de-spreading capability but also to the memory requirement on the basis of certain TTI length and ARQ processed. in [4], it is proposed that the number of bits that can be processed in HS-DSCH TTI be also a UE capability as in R99.

In release 99 there are two physical channel related capabilities: the number of codes that may be processed (irrespectively of the corresponding SF) and the number of data bits that can be processed in a 10 ms interval. In addition there are also transport channel related parameters, such as the sum of the all of bits that can received at any time instant, which if we were to consider the restriction we have in HSDPA would correspond to the number of bits that can be processed in one TTI.

In [2], questions are asked regarding the impact of a 15 slots TTI on the multi-code capability of the UE and the processing. 

2.1.1. case 1 : 15 slot TTI without modification of the number of channelisation codes

We had in mind that the support of longer TTI would be possible from careful scheduling not to create any memory overflow in relation with HARQ. This relied on a comparison at fixed number of channelisation code and fixed number of information bit per slot. So the principle is that we would not require the UE to support larger number of channelisation codes for HS-DSCH (there will not no added requirement for the signalling either as discussed in section 2.2). The support of 15 slot TTI would lead to a smaller average bit rate for the UE and a larger delay due to longer TTI (even in the event of absence of retransmission . If we take the synchronous ARQ there would not be longer inter-retransmission as the equivalent number of sub-channel is reduced. 

Now looking at the capability for the number of bit per TTI, we understand that it is related to both memory requirement and processing requirement. Assuming that the memory requirement is covered now by the HARQ related memory requirement, what is left is the processing time. Considering that N>=2 for ARQ, the processing time requirement at the UE could be relaxed compared to TTI=3 slot or one slot. So our proposal is that a UE capability related to the processing time is introduced or that the number of bits per TTI is a function of the processing time. Alternatively we could define two capabilities, one for the 10 ms TTI one for a 3 slot TTI and set two processing time requirements, so that the Node B knows exactly when it can expect ack/nack signalling to support ARQ. 

2.1.2. case 2 : 15 slot TTI with reduction of channelisation codes

An alternative way to allow for longer TTI at fixed memory requirement which was not discussed in [1] is to reduce the number of channelisation codes used by the given UE. This does not lead to modification of processing requirement considering limitations on the number of bits processed per TTI. However this assumed that the number of codes can be reduced, which is not necessarily the case for low end mobiles. However for high end mobiles this can be done. However our preference goes for case 1 that is more generally applicable.

2.2. Impact on downlink signalling overhead

In [2], concerns are expressed on a possible increase of the downlink signalling overhead resulting from a possibly higher number of UEs to multiplex. 

It should be clarified that the number of shared control channels is related to the number of UE multiplexed  in the same TTI, rather than the total number of UEs. So if we were to solve the problem of increase of number of bits per TTI by a relaxation of the processing time (case 1 in section 2.1), then the number of UEs multiplexed within one TTI remains constant. Therefore the number of shared control channel does not increase. In order to take the best advantage of the capacity at the UTRAN side, we would attempt to multiple a larger number of UE but these would be in different TTIs.

2.3. Round-trip delay

In  [2], Round trip delay is discussed. it is indicated that “with one retransmission the L1 latency would already be at least 2x10 ms + time between two consecutive TTIs.” That is correct. However what we should be looking at to evaluate the QoS is the Node B to UE transmission delay, considering repetition as well as issues with RLC blocks re-ordering Also it is recognise that in order to avoid memory issues, the price to may is a smaller offered bit rate. If we consider a fixed bit rate the delay is not significantly increased between a TTI of 3 slot and 15 slots, for re-ordered RLC blocks compared to the expected overall transmission delay requirement for targeted bearers (streaming and interactive and background).

3. Conclusion 

In this contribution we provide further clarification on the impact of introduction of a 15 slots TTI for HSDPA in addition to smaller TTI length (1 slot and 3 slots), in response to contribution[2]. 

In addition to the need to introduce a UE capability related to the memory requirement for the support of a flexible HARQ, which was discussed at the last RAN1 meeting and generally agreed, it is clarified that some enhancement of the capability related to the number of bits per TTI is needed, in order to avoid further decrease of supported bit rate. This could be done in an implicit fashion, longer TTI corresponding to relaxed processing requirement or a double capability would be introduced. 

Regarding the impact on signalling overhead, it is clarified that there is no impact as the number of UE multiplexed within one TTI is intended to remain constant. 

Finally it is our opinion that the round trip time although longer is not of particular relevance for HSDPA. What matters more is the transmission delay and although increased for longer TTI, it does no play a significant role when looking at the targeted services and additional delay introduced by higher layers (RLC).

As a conclusion, we believe that the support of 15 slot TTI is possible at minimal cost for the UE and would be beneficial for a progressive introduction of HSDPA in UTRAN equipment.
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