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1. Introduction 

In the last WG1 (and WG2) meetings there were several papers on the DL control channel structure for HSDPA.  We have collected here the main requirements from our earlier contributions and also from other companies contributions, that we think that the HSDPA DL structure should fulfil. 

Then we present our earlier DL structure proposal [1] and a new alternative proposed structure, and evaluate which of the listed requirements these two alternative structures fulfil.

2. Requirements for HSDPA DL structure

2.1 TTI length

We think that TTI=1 slot is too short in that sense that it is very difficult to fit uplink or downlink related HSDPA signaling for each TTI. In uplink, we think that already ack/nack will reserve 1 slot, since there has to be proper coding for it. And in downlink, it will also mean more overhead , if downlink control signaling would have to repeated in each slot. Especially if we want to optimise the timing of certain parameters in downlink , as we propose to do, it is going to be more difficult with TTI=1 slot case. Thus our proposal is that TTI should be 3 slots, where we can fit both uplink and downlink signaling quite nicely, and also optimise the timing of certain DL parameters so that UE complexity is minimised.
2.2 Processing time available for the UE
In [2] we have presented our proposal for processing time requirements , see table 1. The proposal for processing time requirement for UE was derived as a combined optimisation of buffer sizes and processing times. The proposal was based on the assumption of the timing shown in figure 1 and following assumptions.  

· N= 6 and TTI= 3 slots.

· Associated DPCH would contain one time slot which we call pointer. Tpointer = 1 slot. This is containing:

· UE id 

· MCS

· starting point in the code tree.

· Shared control channel is assumed to be sent in parallel with HSDSCH TTI, containing:

· ARQ parameters

· Number of code channels

· Tcontrol=1 slot. This is the time that UE will need for decoding the parameters sent in DPCH.

· Tack = 1 slot in uplink

Table 1. UE and Node B processing times based on N=6, pointer 1 slot.

	Parameter
	3 slot TTI, N=6

	TUEP
	5.00 ms (2.5xTTI)

	TNBP
	2.33 ms
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Figure 1. HARQ timing schematic for N=6.
Our opinion is that the required processing time for the UE is the major issue influencing the UE complexity, taking into account that the highest data rate is around 10 Mbits/s that needs to be processed. Thus our opinion is that DL channel structure should be designed so that at least Tuep=5ms will be available for UE processing time, otherwise it needs to be reconsidered what would be an alternative proposal for N, TTI pair. 

Of course we could increase N=6 to N=7, but it would then also mean that required buffer size for the UE would be increased (for the highest class UE supporting 10Mbit/s), which is not very desirable. Thus, in this paper the proposed requirement is that Tuep=5 ms should be available for UE processing time. This means that the maximum time over which the DL channel structure is spread over, is TDL_control= 6 slots, taking already into account that the UEs have unsynchronised timing, spread over 1 slot, in associated DPCH. TDL_control= 6 slots has been the value used in our earlier DL structure proposal, and that is to what we target also in our new alternative proposal.

2.3 Possibility to use TFCI type of mapping philosophy for transport format parameters
In [3] from Ericsson, it was pointed out that certain parameters that could be seen as parameters that define the transport format of the HS-DSCH transmission, should be transmitted together. These parameters are mainly:

· Code multiplexing information

· Modulation and coding

· HS-DSCH code channel power related information

Let's call them from now on TF parameters, referring to Transport format parameters.

Then the same kind of idea could be used as is defined for TFCI in Release 99, that if we reserve certain max number of bits defining all these three parameters, then it is possible sometimes to define more values for e.g. code multiplexing information and less values for MCS. And sometimes more values for MCSs and less values for code multiplexing etc. 

However, if some of these TF parameters are sent separately, e.g. before the HS-DSCH TTI in associated DCH and some of them in parallel to HS-DSCH TTI in a shared control channel, then certain amount of flexibility in playing around with these parameter values is wasted.

We agree that this is a relevant point, and also recommend that one requirement for HSDPA DL structure could be that it should support the TFCI concept in such way, that the sufficient flexibility for TF parameters is maintained. Preferably, by sending most of these parameters in the same bunch.

On the other hand e.g. ARQ related parameters are not such kind of parameters that need to be combined with TF  parameters, so those can, if desired , be sent so that they are not sent in the same bunch with the TF parameters.

2.4 Certain parameters should be sent before the HSDSCH TTI
In [1]  we have already  raised the issue that certain parameters should be sent before the corresponding HS-DSCH TTI. HSDPA terminals will anyway require very fast processing, which we see as the major complexity issue for the UE. Thus the specification should be defined so that the complexity is minimised for the UE where ever possible.

There seems to be consensus that UE id should be sent beforehand , so that at least continuous processing of HS-DSCH can be avoided.

In addition to that, our proposal is that the TF parameters, introduced in the previous chapter:

· Code multiplexing information

· Modulation and coding

· HS-DSCH code channel power related information

should be sent beforehand. One benefit of this is that we can avoid having UE buffers in more than one place, if UE can do the demodulation on the fly. Thus the buffers at modulation symbol level can be avoided, since UE does not have to wait for the end of HSDSCH TTI, in order to get the information about MCS, code power level and codes. It should be noted that if the demodulation on the fly is not possible, the buffer sizes at modulation symbol level could also be quite large, since the number of bits needed for quantisation is probably more in modulation symbol level, than what it is at the input of the turbo decoder.

The other benefit is , which we think is the most important issue here, is the optimisation of the UE processing time. If the UE can start doing the demodulation on the fly, the processing time available for the UE before sending the ack can be optimised, since it does not have to first wait for the end of the TTI, before it can start doing the demodulation. Since the proposed TTI length is 3 slots, the saving of the processing time at this time scale is clearly very desirable.

Thus , in order to optimise the UE processing time, our proposal is that one requirement for DL structure is that UE id and TF parameters are sent before the corresponding HSDSCH TTI. Before, meaning that there should be at least one time slot between these parameters and HSDSCH TTI, for decoding these parameters.

3. Two alternative HSDPA DL structures
3.1 Our earlier HSDPA DL Structure proposal

Our earlier proposal is shown in figure 2 below, based on which we have derived our earlier proposal for the processing time requirements for the UE. 
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This earlier proposal of ours fulfils following requirements listed in the previous chapter:

1) TTI length=3 slots

2) Results in Tuep=5ms, meaning that TDL_control, which is the maximum time over which the DL channel structure is spread over, is 6 slots.

4) Those TF parameters which allow the demodulation on the fly (MCS, starting point of the code tree) are all sent before the corresponding HSDSCH TTI. There is 1 slot time to process that information before HSDSCH TTI reception starts.

The requirement that it does not completely fulfil is following

3) Full flexibility for TFCI type of mapping is not ensured for TF parameters. The reason for this is that the number of code channels is sent separately from MCS. However, in this structure it is impossible to send number of code channels in the same bunch with MCS, since there is not enough room in DPCH within one slot time period. 

Another drawback in this structure, is that it is proposed that code channel power level is not signaled per TTI basis. The reason for this is again that there is not enough room in associated DPCH within one slot time period for this kind of parameter. On the other hand we have been saying that for QPSK and 8PSK , the power level of code channel can be varied per TTI basis without informing that to the UE.
3.2 Our new HSDPA DL Structure proposal

The new alternative proposed HSDPA DL structure is shown in the figure 3 below. 
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Figure 3. New proposed HSDPA DL structure.
The idea here is that shared control channel is sent before the corresponding HSDSCH TTI, and that TF parameters and FHARQ parameters are encoded separately. The new structure fulfils all four requirements, defined in the previous chapter:

1) TTI length=3 slots

2) Results in the same Tuep=5ms as our earlier proposal, meaning that TDL_control, which is the maximum time over which the DL channel structure is spread over, is still 6 slots.

3) Full flexibility for TFCI type of mapping is ensured for TF parameters, meaning that all three parameters: code multiplexing information, MCS and code channel power are sent in the same bunch

4) All TF parameters are sent before the corresponding HSDSCH TTI, to allow UE to do the demodulation on the fly. There is 1 slot time to process that information before HSDSCH TTI reception starts. 

The new implication from this new structure is that UE has to receive SHCCH / several SHCCHs all the time. In case there is code multiplexing of several UEs, there should anyway be a limitation of e.g. that only max K UEs can be code multiplexed to the same TTI. K could be e.g. 2-4. The value of K defines how many SHCCHs the network would send in parallel.

It needs, however, further discussion whether it is acceptable that all UEs would receive 4 SHCCHs all the time, since this will increase the number of multicodes that UE has to receive. One compromise could be to have some kind of predefined mapping of UEs to SHCCHs, and define e.g. that even there would be at maximum 4 SHCCHs sent in parallel by the network, each UE would have to receive e.g. only two SHCCHS of them all the time.  

4. Conclusions

We have presented here the requirements that we think that the HSDPA DL structure should fulfil. One very important aspect we think is to optimise the processing time available to the UE. The other important thing is to define such kind of structure that it supports as flexible TFCI structure as possible. 

We have presented again our earlier proposal, where most of the TF parameters are sent on associated DPCH before the corresponding HSDSCH TTI. The main drawback of that structure is that it splits the code multiplexing information in two parts, which will thus not support the TFCI concept in the most flexible way. The other drawback of it is that there is no room for code channel power information in associated DPCH that structure.

In our new proposal , we propose to send all TF parameters in shared control channel, before the corresponding HSDSCH TTI. This will ensure that the most flexible TFCI concept can be used, and also that the UE processing time can be optimised. In this structure it, however, still needs further discussion how many shared control channels the UE would have to receive all the time.
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