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1. Introduction 

In this paper it is analysed what kind of HSDPA related parameters needs to be signaled in downlink from NodeB to UE in a TTI basis. In chapter 2 the purpose of each parameter is explained, along with the estimated minimum and maximum number of bits needed for it. Also a draft proposal is given , how many bits would be sensible in the end, and why. Note: the proposed value is used as a basis in two other contributions [1,2] where it is analysed what kind of combination of spreading factor and TTI length is needed for carrying these bits.

In chapter 3 it is analysed what parameters should be sent to the UE before the HS-DSCH TTI, and for which parameters it is not so essential that they are sent beforehand.

This paper is a revision of 12A010005, which was the first version of this paper, presented in WG1/WG2 HSDPA adhoc in Sophia Antipolis, 5th –6th April. Main changes compared to that are following:

· FHARQ packet number : it is now proposed that 5 bits packet sequence numbers are used (see point 5b)

· FHARQ process number: it is now proposed that this is not signaled at all (see point 5a). If FHARQ packet number is several bits long, FHARQ process number is not needed.

· Signaling info parameter has been deleted from the list, as agreed in HSDPA adhoc meeting in Sophia Antipolis.

2. HSPA related signaling parameters in downlink  

1) UE identification

This will define to which UE (or UEs) data is transmitted in the next corresponding HS-DSCH TTI.

Min
If it is defined that there is anyway a dedicated channel , DPCH, for each UE carrying TPC and pilot bits, the UE identification put on that same channel will only need at min 1 bit. 

This 1 bit will define whether there will be data transmitted to this UE or not.

Max
If it is defined that there is not a dedicated channel , DPCH, for each UE , but instead some kind of shared control channel for several UEs, then several bits are needed for informing UE identification.

E.g UE id in TS 25.331 is 16 bits. With code multiplexing this figure has to be further multiplied by the number of UEs, code multiplexed to the same TTI.

Proposal
= Min.

It is seen important to have closed loop power control for uplink DPCH carrying uplink signaling.

2) MCS used

This will define what MCS is used in the corresponding HS-DSCH TTI. 

Min
If the number of MCS sets is limited to 4, then 2 bits are needed to inform the MCS.

Max
If all 8 MCS sets would be used then 3 bits are needed to inform the MCS.

Proposal
= Min. 

It seems that 4 MCS sets could be adequate.

3) HS-DSCH power level

This will define the relationship of HS-DSCH and CPICH code power level. UE needs to know this in order to do NQAM demodulation.

Min
If the power level of HS-DSCH is changed as a slow basis, this needs to be signaled quite rarely, thus then we can assume 0 bits per TTI basis.  

Max
If the power level of HS-DSCH is changed in every TTI, then this parameter needs to be also informed separately for each TTI. Thus n bits needed, n tbd. 

Proposal
= Min.

The proposal is that the power level of HS-DSCH code channel can be changed any time, when NPSK modulation is used (QPSK or 8PSK), and for that purpose the power level does not need to be signaled to the UE. For NQAM (16QAM or 64QAM), it is assumed that power level of HS-DSCH code channel is changed at so slow basis, that it is not signaled per TTI basis at least in DCH type of channel.

4) Code channels in case of code multiplexing

This will inform to the UE (or UEs) which codes they should receive and decode. 

Min
No code mux: 0 bits .

Max
With the example assumption that SF=16 and at max 10 codes are reserved for HS-DSCH, 8 bits per UE are needed to support code multiplexing with full flexibility. 4 bits are needed for signaling the starting position of the codes in the code tree, and 4 bits for informing the number of codes for one UE [3]. 

Proposal
It might be beneficial to divide the parameter informing the code multiplexing related information to two parts: a) starting position in the HSDPA code tree, and b) number of codes for one UE.

If a) is signaled before the actual HSDSCH TTI, then it is possible to do code multiplexing also for UEs that do not support the maximum number of multicodes in the HSDPA, i.e. if some kind of UE capability for number of multicodes would be defined. b) could be signaled either before or parallel to the HSDSCH TTI. 

Proposal here is that there could be e.g. 2 bits informing the starting position of the code tree, to ensure a high enough granularity, when assuming that max. number of multicodes is 10. The value of these 2 bits could be mapped in different ways, depending what kind of flexibility is desired . The reason why it is suggested that only 2 bits would be allowed for this parameter, can be seen from R1-01-xxxx, since there is not so much room to send too many parameters beforehand, if both processing time and SF is tried to be saved. 

Then there could be e.g. 4 bits informing the number of codes for one UE. Thus in all together there would be 6 bits.

5)  FHARQ 

a) FHARQ process number (=subchannel number for N-channel SAW structure)

This info is needed by the UE, in order to know which received packets should be combined and decoded together. 

Min
No explicit signaling for FHARQ processes : 0 bits

Max
Explicit signaling for FHARQ processes. With the assumption that N=6 for N channel SAW [4], it means that 3 bits are needed for signaling.

Proposal
= Min.

There is a separate paper from Nokia [5] pointing out that to have a sensible scheme, we should either specify:

a) synchronous N-channel structure, where FHARQ process numbers would not be signaled (=tie the subchannels to the frame timing), and use 1 or 2 bit packet sequence numbers, or

b) asynchronous N-channel structure, where packet sequence numbers consisting of several bits, e.g.5, would be signaled in each TTI. The packet sequence numbering would take care of defining to the UE which packets should be combined and decoded together, and thus separate FHARQ process number would not be needed. Using long enough packet numbering would allow re-sequencing of out-of-sequence RLC PDUs at MAC-hs layer. 

The proposal in both schemes is that there would be no explicit signaling for FHARQ processes => 0 bits.

b) FHARQ packet number 

The packet number is needed by the UE to know, what packets should be combined together by Hybrid ARQ . It is assumed that only one packet number is needed per TTI. 

There may be also a need for some mechanism for aborting the current ARQ attempt, e.g. in order to limit the maximum number of attempts per frame and instruct the UE to flush the previous attempts from its receiver's buffers [6]

The assumption here is that FCS is not used, since that is not a work item targeting for release5 specification.

Min
The minimum would be that so called  new / continue flag would be used as a packet number, which needs only 1 bit . This will also help in dealing with lost acknowledgements. If also the method for aborting failed attempts is desired, then 2 bits could be used [6].

Max
As it was already once explained in point 5a) there is this separate Nokia contribution [5] , suggesting that we should either specify:

a) synchronous N-channel structure, where FHARQ process numbers would not be signaled (=tie the subchannels to the frame timing), and use 1 or 2 bit packet sequence numbers, or

b)  asynchronous N-channel structure, where packet sequence numbering consisting of several bits, e.g. 5 would be signaled in each TTI. The packet sequence numbering would take care of defining to the UE which packets should be combined and decoded together, and thus separate FHARQ process number would not be needed. Using long enough packet numbering would allow re-sequencing of out-of-sequence RLC PDUs at MAC-hs layer. 

Nokia proposal is b) , where 5 bit packet sequence number is proposed.

Proposal
= Max. 

c) FHARQ redundancy version for IR

This info is also needed by the UE in order to know which received packets should be combined  and decoded together. 

Min
No IR used, only soft combining: 0 bits are needed.

Max
IR used, with K redundancy versions, after that soft combining. In the max case probably K=3, which means that 2 bits are needed.

Proposal
= Min.

Soft combining is proposed to be used. IR will mean that the required buffer sizes are increased by a factor of 2 or 3 , and the results shown until now have not shown big gains from IR.

6) Power offset for uplink control channel

This will inform to the UE what kind of power offset it should use in uplink, when sending e.g. ACK during soft handover. NodeB could estimate the SIR from uplink , and calculate the needed power offset in uplink , in order to make sure that ack can be decoded reliably.

Min
0 bits, use fixed power offset in uplink signaling. 

Max
With 4 bits 16 power offset levels could be informed.

Proposal
It is proposed that at least 2 bits could be used for this purpose, thus allowing 4 different values.

3. Relative timing of DL parameters

Table 1 below shows the summary of all DL HS-DSCH related parameters, described in the previous chapter, along with the estimate how many bits are needed for each parameter. It also shows the proposed relative timing of DL HS-DSCH related parameters. It is seen that following parameters should be transmitted clearly before the corresponding HS-DSCH TTI:

· UE identification. If this information is not transmitted beforehand, each UE would have to receive and process several code channels of HS-DSCH continuously, even if those packets would not belong to the corresponding UE. 

· Code channels in code multiplexing. If the starting point in the code tree for each UE is not transmitted beforehand, it is going to be impossible to use code multiplexing, and define different UE capabilities in such way, that certain UEs would support less than maximum number of multicodes in the HSDPA codetree. Thus it was proposed that a) starting point in the code tree for each UE is signaled beforehand, and b) number of codes for each UE can be transmitted in parallel with HSDSCH. Thus each UE would have to receive and despread only upto as many code channels, as its UE capability defines. 

· MCS. If this information is not received beforehand, but instead parallel to the HSDSCH data, UE buffer sizes are increased, since demodulation cannot be done on the fly  

· HS-DSCH power level. If this information is not received beforehand, but instead parallel to the HSDSCH data, UE buffer sizes are increased, since demodulation cannot be done on the fly. On the other hand, it is proposed that for NPSK modulation (QPSK, 8PSK) this power level can be changed without informing it to the UE. And that for NQAM modulation (16QAM, 64QAM) the power level is changed at so slow basis that it is not informed per TTI basis at least in DCH channel. So in that sense there are 0 bits need to be sent in a TTI basis to each UE.

Parameter
Before the HSDSCH data packet
Simultaneously with HSDSCH data packet


Min 
Prop
Max 
Min 
Prop
Max 

UE identification
1
1
16
-
-
-

MCS
2
2
3
-
-
-

HS-DSCH power level
0
0
n
-
-
-

Code channels
0
2
8
-
4
-

FHARQ process #
-
-
-
0
0
3

FHARQ redundancy version
-
-
-
0
0
2

FHARQ packet number 
-
-
-
2
5
5

Power offset for uplink
-
-
-
0
2
4

Total
3
5
27+n
2
11
14

Table 1. Summary of HS-DSCH related parameters in downlink.

 4. Conclusion

In this paper it has been analysed what kind of parameters are needed for HSDPA in downlink direction, and estimated how many bits are needed for each parameter. It is also clarified that certain parameters should be transmitted before the corresponding HS-DSCH TTI, to minimise the UE receiver complexity.
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