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1. Introduction 

Several contributions have been presented on the issue of UL signaling for the purpose of reporting the DL channel quality [1,2,3]. The discussion papers have included the issues , how many bits are needed for the signaling, what is signaled , and how often. 

This paper continues to discuss these above issues, and gives a proposal to be included to the WG1 TR 25.858 and WG2 TS 25.308 on HSDPA.

2. Current status of UL signaling in the WG1 TR / WG2 TS

The current TR 25.858, v.0.4.0 contains only following remark on the uplink signaling of channel quality indicator. 

--------------------------------------------------------chapter 8.2 in TR 25.858---------------------------------------------------------
The uplink signalling consists of the transmission of two separate information :

· A n-bit channel quality indicator. The reporting interval of the channel quality indicator to the Node B is T msec, where T is a UTRAN parameter.

The current TS 25.308 contains following text on measurement report:

------------------------------------------------------ chapter 8.2 in TR 25.308-------------------------------------------------------------

8.2.2 Measurement Report

This may be used in the choice of modulation and coding rate by the network. The transmission rate of the measurement report to the network can be configured by higher layer signalling. In TDD, measurement reports may be specifically requested in DL signalling, and downlink channel quality measurements may be reported for specifically requested timeslots.

----------------------------------------------------------------------------------------------------------------------------------------------------
Following issues need  to be clarified there:

· What parameters are available for the UE , for making the measurement
· What assumptions the UE is using, for making the measurement
· How many bits are  reserved for this measurement
· How often the measurement is reported to the network
The measurement should be on the other hand defined in such a way that it is not too complex for the UE (not too large mapping tables inside it), but also in such way that it gives sufficient information to the network side. Taking this as a guideline, this paper discusses all the above issues, and gives a text proposal for the TR 25.858 /TS 25.308.

3. TFRC request signaling

3.1 TFRC request signaling 

The reason why we think we need TFRC (Transport Format and Resource Combination) request signaling and not propose to use explicit C/I reporting, is that it should be allowed to have different complexity levels at the UE receiver. If TFRC request signaling is used, then it is possible , that with the same channel quality , the UE with a more complex receiver is able to receive higher order modulation than a UE with less complex receiver. If C/I reporting would be used, the UE could not benefit from having a more complex receiver having a better performance.

The basic idea in the TFRC request signaling, is that:

· A reference TFRC list is specified. The modulations, transport block set sizes and number of code channels are defined explicitly for the reference TFRC list. 
· UE makes C/I measurement from CPICH (P-CPICH or S-CPICH)
· Based on this C/I measurement, and some internal mapping table (C/I vs BLER), UE reports back to the network what TFRC, supporting the highest data rate from the reference TFRC list, UE could receive with the current channel quality. 
· TFRC request signaling is just a guidance for the NodeB , what is the channel quality at the moment in DL. There is full freedom for the NodeB to select TFRC to be used in downlink. 
Thus in principle, TFRC request signaling has the same idea that C/I signaling would have. Meaning that UE will inform to the network side the instantaneous DL channel quality with certain signaling resolution (e.g. 1 dB resolution). It is just informed in the form of highest possible TFRC.
3.2. UE measurement procedure 

The more detailed procedure is described below:
1) UE measures some kind of channel quality indicator from P-CPICH (or S-CPICH in case beamforming with S-CPICH is used), C/I or similar.  Taking into account the default power offset of the HSDSCH code channel relative to P-CPICH (or S-CPICH), UE checks from its internal mapping table what TFRC it would be able to receive in this channel condition, taking into account its receiver algorithms etc. The criteria is the BLER threshold, BLERthreshold. 
2) The reported TFRC value is selected as follows. Two possibilities are given, the target being that about 1 dB resolution should be enough for reporting DL channel status.

a) If the TFRC list is defined in such way, that C/I range for different TFRCs is about 1 dB from each other, then following simple procedure could be used:

If the channel quality, measured from P-CPICH (S-CPICH) indicates that TFRC x would be received with BLER< BLERthreshold, but TFRC x+1 would be received with BLER>BLERthreshold , then UE will report TFRC x back to the network. 

b) If the TFRC list is defined in such a way that C/I range for different TFRCs is y>1 dB from each other, then some intermediate steps should be used for uplink signaling in following way:

If the channel quality, measured from P-CPICH (S-CPICH) indicates that TFRC x would be received with BLER< BLERthreshold, if power offset<y dB (some steps tbd) would be used for HSDSCH code channel in addition to the default power level, but TFRC x+1 would be received with BLER>BLERthreshold , then UE will report TFRC x and the required power offset back to the network.

3.3. NodeB procedure

If the NodeB uses the same TFRCs as in the TFRC reference list, it can directly use the DL channel quality report for selecting the most optimum TFRC. If NodeB uses some other TFRCs, e.g. different transport block set sizes than defined in the TFRC reference list, it has to use some adjusting algorithm for selecting the most optimum TFRC for the current DL channel quality status.

It should be understood that if only C/I would be reported, there would need to be also some kind of mapping algorithm in the NodeB from reported C/I to most optimum TFRC. So in this sense this TFRC request report does not introduce any additional work for NodeB side, compared to C/I reporting.
4. Issues to be specified for TFRC request signaling 
There has to be some assumptions defined which UE will use for mapping the explicit channel quality measurement to TFRC request. 

4.1 Default power offset between HSDSCH and P-CPICH (or S-CPICH)

This is needed, because the only thing that exists continuously, from which UE can make a measurement is P-CPICH (or S-CPICH in case beamforming with S-CPICH is used).  However, to be able to map that measurement , using some kind of internal mapping table, what TFRC it could receive in HSDSCH, the UE needs to know some default power level of HSDSCH code channel, Phs , relative to P-CPICH (or S-CPICH). The value of this could be a parameter, which network informs to the UE .

4.2 BLER threshold 

A  BLER value, BLERthreshold, is needed, based on which UE selects what TFRC it reports to the network. This BLER value means the BLER of the first transmission, without any chase or IR combining. Since the UE cannot know what the NodeB is planning to do next, new transmission or retransmission and with IR or with chase, the measurement reporting is kept simple , if UE reports the DL quality with only one possible way. The definition is simplest, if it is defined to be for the first transmission without any combining.

The number of possible BLERthreshold  values should however be limited. Each possible BLERthreshold  value means that more entries are needed in the UE's internal mapping table. It should be already noted that some offset/update algorithm is already needed in the UE, to make sure that the internal mapping table takes into account different environments (different channel impulse responses). The internal mapping table will become too complex, if too many issues , too many BLER values etc have to be taken into account. Thus some limited number of possible values could be defined for BLERthreshold. One value is signaled for the UE for one connection.

4.3 Reference TFRC list 

There will be one reference TFRC list that all UEs will use.
Following issues should be defined in the reference TFRC list:

· Modulations. All the supported modulations should be included in the reference list, so that it will be ensured in WG4 test cases, that the UE supports all of them.

· Transport block set sizes. 

· Number of code channels. Only one value should be selected , to keep the reference TFRC list simple. We propose that number of code channels is 5, if it will be agreed that this is the minimum number of code channels supported by all UEs in the UE capability discussion. This is at least the value that Nokia has proposed for the UE capabilities. Also, it makes more sense to have 5 code channels in the reference TFRC list than eg. 1 code channels, because probably 5 code channels are used more often than 1 code. Furthermore, turbo code block size is larger for 5 code case than 1 code case (for QPSK).

· HSDSCH code power level is Phs 

Example reference TFRC list is shown in Table 1. Some basic guideline for defining the reference TFRC list, would be that each TFRC should have around the same C/I range. It has not been checked yet what is the C/I range for these TFRCs, the idea in this paper is just to explain the basic scheme. It should be also understood that there is some variation of the C/I range in different environments.

Table 1. An example proposal for reference TFRC list, to be used in UL signaling. 

TFRCs
Modulation
Transport block set size
# of code

channels
HSDSCH code power level

TFRC1
QPSK
1200
5
Phs

TFRC2
QPSK
2400
5
Phs

TFRC3
QPSK
3600
5
Phs

TFRC4
16QAM
4800
5
Phs

TFRC5
16QAM
6000
5
Phs

TFRC6
16QAM
7200
5
Phs

4.4 UL signaling definition

In [2] it has been shown that if there are 4 bits reserved for quantising the C/I report, the quantisation noise will not introduce any performance degradance. In [3] there are some studies with 6 MCSs and 2-3 intermediate signaling values per MCS. Maybe further studies are still needed what TFRCs are the optimum ones, e.g. in [2] the C/I std dev =0, which is not a very realistic case, but in this paper the assumption is however that 4-5 bits is giving enough resolution for uplink signaling. The main idea is that the resolution for signaling would be around 1 dB steps. 

Table 2 shows what could be the format of UL signaling definition for TFRC request report. There are 6 TFRCs and some intermediate steps between them , defined in terms of power offset. 

One issue that has not been discussed earlier, is that there should be enough signaling bits reserved for informing that at the cell edge the most robust TFRC (e.g. QPSK , 1/4) cannot be received with the default HSDSCH code power level. For this reason we propose more signaling levels for the most robust TFRC1. The value 12 dB comes from the fact that if all the HSDSCH power is allocated to 1 code channel instead of 15 codes, the power offset due to that is 10log15=11.7 dB. Naturally there is not always 15 codes reserved for HSDPA in all the cells, but since the UL signaling is just a guidance to the NodeB what is the current DL channel quality, it does not matter if the UL signaling contains more steps for TFRC1, than what the NodeB is going to use in that particular cell.

For the other TFRCs there should be 1-3 levels for signaling. The power offset means that with HSDSCH default power level + power offset, UE is able to receive this TFRC with BLER<= BLERthreshold.

Table2. Example proposal of uplink signaling definition, with 5 bits (32 values).

TFRC 
Power offset
UL signaling value 

TFRC1
12 dB
0


11 dB
1


10 dB
2


9 dB
3


8 dB
4


7 dB
5


6 dB
6


5 dB
7


4 dB
8


3 dB
9


2 dB
10


1 dB
11


0 dB
12

TFRC2
2 dB
13


1 dB
14


0 dB
15

TFRC3
2 dB
16


1 dB
17


0 dB
18

TFRC4
2 dB
19


1 dB
20


0 dB
21

TFRC5
2 dB
22


1 dB
23


0 dB 
24

TFRC6
2 dB
25


1 dB
26


0 dB
27

NA
NA
28

NA
NA
29

NA
NA
30

NA
NA
31

4.5 Reporting cycle

In the current TR it has been said that the reporting cycle is a UTRAN parameter. Our proposal is that 3 possibilities for the reporting cycle will be specified:

a) No reporting. This should be possible, if uplink capacity is to be optimised by avoiding any additional signaling.

b) Reporting every TTI. This might be desired e.g. in soft handover, when tpc commands do not reflect the downlink channel quality in a correct way. 

c) Reporting every [160 ms]. This could be the case used in non soft handover.

We think that not too many possible values should be allowed in the specs, otherwise the test cases for the UEs will be increased unnecessarily. Some value for case c) should be agreed based on performance studies, which gives a good enough performance in non soft handover case. 

5. Example of SIR to BLER curve

Figure 1 shows SIR to BLER curves in Vehicular A channel for different UE speeds. SIR is averaged over HSDPA TTI=2 ms . It can be seen that for speeds 3-50km/h, the curves are all within 0.5 dB, for the sensible BLER=20…50% range. The only case that clearly differs from others is 120 km/h case, in which case probably the AMC does not even work properly.
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Figure 1. SIR (2ms) vs. BLER mapping tables for different UE speeds.

6. Conclusions

The text proposals in the annex are proposed to be included to TR 25.858 and TS 25.308. 
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Annex 1: text proposal for TR 25.858, section 8.2

-------------------------------------------------------------------------------------------------------------------------

8.2 Uplink 

The uplink signalling consists of the transmission of two separate information :

· A 5-bit channel quality indicator. The reporting interval of the channel quality indicator to the Node B is k*2 msec, where k is a UTRAN parameter and has possible values: 0, 1, [80]. 

· A 1-bit H-ARQ acknowledgement. Such an acknowledgement is transmitted on a per HS-DSCH TTI basis.

8.2.1 Physical channel Structure

The uplink signaling uses an additional DPCCH with SF=256 that is code multiplexed with the existing dedicated uplink physical channels.  
In contrast to FDD, the TDD UE does not use its dedicated channel in uplink for transmitting ACK/NACK information, due to the associated fractionated dedicated channel option. To enable a SYNC UL scheme for HARQ, the UE will use a shared uplink resource for transmitting ACK/NACK information. The relation between the shared control channel in DL and shared UL resource can be pre-defined and is not signalled dynamically on the shared control channel.


The channel quality indicator is coded and transmitted over two slots.  The acknowledgement bit is repetition coded to 10 bits and transmitted in one slot.  The format for the additional DPCCH is shown in Figure 1.  It may be noted that the channel quality indicator field is DTX’ed when there is no channel-quality information being sent on the uplink.  Also, the transmission of the H-ARQ acknowledgement field is DTX’ed when there is no ACK/NACK information being sent on the uplink. 
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Figure 1.  Format for additional DPCCH for HS-DSCH related uplink signalling

For TDD, the structure is TBD.
8.2.2.  Measurement report procedure
8.2.2.1 UE procedure
UE measures a channel quality indicator from P-CPICH (or S-CPICH in case beamforming with S-CPICH is used).  Taking into account the default power offset, Phs , of the HSDSCH code channel relative to P-CPICH (or S-CPICH), UE checks from its internal mapping table what TFRC it would be able to receive in this channel condition. The criteria is the BLER threshold, BLERthreshold. 
If the channel quality, measured from P-CPICH (or S-CPICH in case beamforming with S-CPICH is used) indicates that TFRC x would be received with BLER< BLERthreshold, if power offset<y dB (steps tbd) would be used for HSDSCH code channel in addition to the default power level, but TFRC x+1 would be received with BLER>BLERthreshold , then UE will report TFRC x and the required power offset back to the network.
8.2.2.2. Parameters 

Following connection specific parameters are informed to the UE by higher layer signaling:

1) Phs, default power offset between HS-DSCH code channel and P-CPICH (or S-CPICH in case beamforming with S-CPICH is used). 

2) BLER threshold, BLER value that UE uses for selecting the TFRC . [4] possible values to be included to the specifications: [20,30,40,50] %.
8.2.2.3 Reference TFRC list

Only one reference TFRC list is specified, what all UEs use for creating the measurement report. The TFRC reference list contains [6] TFRCs. Example is shown in the below table.
TFRCs
Modulation
Transport block set size
# of code

channels
HSDSCH code power level

TFRC1
QPSK
1200
5
Phs

TFRC2
QPSK
2400
5
Phs

TFRC3
QPSK
3600
5
Phs

TFRC4
16QAM
4800
5
Phs

TFRC5
16QAM
6000
5
Phs

TFRC6
16QAM
7200
5
Phs

Other aspects (we need to find a suitable name)
{This section should describe how the uplink signalling operates in soft-handoff mode etc.}
Annex 2: text proposal for TS 25.308, v.5.0.0, section 8.2

-------------------------------------------------------------------------------------------------------------------------
8.2
Uplink Signalling Parameters

8.2.1
ACK/NACK

This will be used by the HARQ protocol for indicating a successful/unsuccessful transmission on the HS-DSCH. 

8.2.2
Measurement Report 
This may be used for selecting the transport format by the network. The transmission rate of the measurement report to the network can be configured by higher layer signalling. In TDD, measurement reports may be specifically requested in DL signalling, and downlink channel quality measurements may be reported for specifically requested timeslots.
8.2.2.1 UE measurement procedure
UE measures a channel quality indicator from P-CPICH (or S-CPICH in case beamforming with S-CPICH is used).  Taking into account the default power offset, Phs , of the HSDSCH code channel relative to P-CPICH (or S-CPICH in case beamforming with S-CPICH is used), UE checks from its internal mapping table what TFRC it would be able to receive in this channel condition. The criteria is the BLER threshold, BLERthreshold. 
If the channel quality, measured from P-CPICH (or S-CPICH in case beamforming with S-CPICH is used) indicates that TFRC x would be received with BLER< BLERthreshold, if power offset<y dB (steps tbd) would be used for HSDSCH code channel in addition to the default power level, but TFRC x+1 would be received with BLER>BLERthreshold , then UE will report TFRC x and the required power offset back to the network.
8.2.2.2. Parameters 
Following connection specific parameters are informed to the UE by higher layer signaling:
1) Phs, default power offset between HS-DSCH code channel and P-CPICH (or S-CPICH in case beamforming with S-CPICH is used). 
2) BLER threshold, BLER value that UE uses for selecting the TFRC. [4] possible values to be included to the specifications: [20,30,40,50] %.
8.2.2.3 Measurement report definition

Measurement report is defined for 5 bits, which contains [6] TFRCs from the TFRC reference list and intermediate steps of [1] dB resolution for power offset. Example is shown in the below table.
TFRC 
Power offset
Measurement report value 

TFRC1
12 dB
0


11 dB
1


10 dB
2


9 dB
3


8 dB
4


7 dB
5


6 dB
6


5 dB
7


4 dB
8


3 dB
9


2 dB
10


1 dB
11


0 dB
12

TFRC2
2 dB
13


1 dB
14


0 dB
15

TFRC3
2 dB
16


1 dB
17


0 dB
18

TFRC4
2 dB
19


1 dB
20


0 dB
21

TFRC5
2 dB
22


1 dB
23


0 dB 
24

TFRC6
2 dB
25


1 dB
26


0 dB
27

NA
NA
28

NA
NA
29

NA
NA
30

NA
NA
31

8.2.2.4 Reporting cycle 

The reporting interval of the channel quality indicator to the Node B is k*2 msec, where k is a UTRAN parameter and has possible values: 0, 1, [80]. 
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