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1. Introduction 

The format of DPCCH-HS for uplink signalling is as shown in Figure 1. Channel quality Information (CQI) field will be DTX when there is no channel quality information being sent on uplink. The CQI rate can be fixed or varied depending on HS-DSCH activity. [1]
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Figure 1. Format of secondary DPCCH for HS-DSCH related UL signalling.

When a data transmission occurs for a UE on the HS-DSCH, the CQI report frequency should be increased [3]. Moreover, if the UE is in soft handover region, it will be very needed to send DL channel quality information very frequently, e.g, every TTI. 

In case of increased CQI rate, transmission of fixed n (e.g., n=5 [1]) bits of DL channel quality information may cause unnecessary increase of UL interference.

The UL interference can be reduced if the amount of feedback information bits can be reduced. In this contribution, we propose an efficient method for DL channel quality signalling when UE is in soft handover region and some simulation results are also presented.

2. Proposed UL signalling structure for DL channel quality report
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Figure 2. Proposed UL signalling structure.
Proposed UL signalling structure is shown in Figure 2. n-bit regular CQI report will be transmitted with reporting cycle of K TTI. To reduce the UL interference, the m-bit relative change in channel condition can be sent on UL during the time period between two regular n-bit (e.g., n = 5 [1]) channel quality indicators (CQI), where n > m.  However, if the change in channel condition is large, then the relative change could not be represented by m bits and this can cause some loss in downlink throughput. To solve this problem, it is proposed to send either of the relative change or refreshment during the time period between two regular refreshments as shown in Figure 2, depending on the amount of change in channel condition.

The relative change can be defined in two different ways:

Method 1

The relative change is defined as the difference between the channel conditions at the current measurement timing and the most recent refreshment.

Method 2

The relative change is defined as the difference between the channel conditions at the current measurement timing and the previous measurement timing.

In both methods, the relative change report will not be transmitted (DTX) if the change in channel condition is so small that there is no change in the TFRC request.

In the proposed scheme, UE determines that which of the relative change or the refreshment should be sent based on the amount of change in DL channel quality. 

Two OVSF codes are used alternatively for each feedback information type as shown in Figure 3.
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Figure 3. Transmitter structure for indication of the feedback information type with two OVSF codes.

In this scheme, Node B has to despread the CQI report signal at the same time and compare 2 despread symbols to make a decision if CQI is refreshment or relative offset. Figure 4 shows a possible example of node B scheme that has such function of dispreading and decision without any significant increase of hardware complexity.

If 2 adjacent OVSF codes are used for this scheme, such as Cch,256,1 and Cch,256,2 , then the complexity of the decoder (Node B) can be minimized like Figure 4. Node B can have just 1 despreader of SF 64 instead of using 2 despreader. Input signal of 1 symbol that consists of 256 chips is divided to 4 parts of 64 chips, then each part of 64 chips is despread by Cch,64,0 one by one. After that, 4 intermediate symbols can be obtained. If appropriate addition rule of this 4 intermediate symbols, 2 real symbols (one is a despread symbol by Cch,256,1 and the other one is a despread symbol by Cch,256,2) can be obtained.

Two equations below describe the addition rule of getting 2 real symbols by this method shown in Figure 4.

Symbol A = a + b – c – d

…… (eq. 1)

Symbol B = a – b + c – d

…… (eq. 2)
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Figure 4. A possible example of Node B structure for decision of the feedback information type with a single despreader

3. Simulation Results

3.1 Uplink Interference reduction

In this section, simulation results of the following three methods are compared assuming that TFRC request as defined in TR 25.858 is sent on UL.

· Conventional scheme with n = 5 bits CQI reporting in every TTI.

· Proposed scheme with Method 1 for the m = 2 bits relative change.

· Proposed scheme with Method 2 for the m = 2 bits relative change.

Detailed simulation assumptions are shown in Table 1.

Table 1. Uplink simulation assumptions

	Parameter
	Value

	Simulator
	Chip/sample level

	Channel model
	Case 1

	SF
	256

	Reception diversity
	On (2 antenna)

	# of CQI information bits
	2 (relative change) or 
5 (refreshment)

	# of coded bits of CQI
	20

	Period for regular reporting of 5-bit CQI
	K = 40 TTI


The simulation results of CQI BLER in Figure 4 show that the proposed scheme can provide significant reduction of UL interference. 

· About 2.5 dB gain at 1% BLER for the proposed scheme with Method 1.

· About 3 dB gain at 1% BLER for the proposed scheme with Method 2.


[image: image5.wmf]-12

-10

-8

-6

-4

-2

0

10

-2

10

-1

 Conventional

 Proposed method 1

 Proposed method 2

Case 1 (Ior/Ioc=10, K=40)

BLER

^Eb/No


Figure 5. Comparison of the proposed schemes and the conventional scheme

3.2 Downlink throughput

In this section, Downlink throughput simulation results of the following three methods are compared assuming that TFRC request as defined in TR 25.858 is sent on UL. Relative reporting scheme seems to be unreliable to channel error. In this section, we show the downlink throughput in the environment of erroneous CQI showing the downlink throughput loss by using relative reporting scheme. 

Detailed simulation assumptions are shown in Table 2.

Table 2. Downlink simulation assumptions

	Parameter
	Value

	Simulator
	Chip/sample level

	Channel model
	Case A (3Km/h)

	Power setting
	CPICH power is set to –10dB

Total HS-PDSCH power is set to –10dB 

(Variable with power offset according to TFRC)

	SF of HS-PDSCH
	16

	Multi-Codes
	Enabled, 5 codes

	Turbo Decoding
	Max-Log-Map, 8 interations

	Metric
	Downlink throughput 

(Well-received information bit per transmitted symbol)

	CQI bits
	5 bits for refreshment CQI (n=5)

2 bits for relative CQI (m=2)

	BER of CQI information bits
	1% 

	CQI rate
	Every TTI

	Period for regular reporting of 5-bit CQI
	K = 40 TTI

	Ior/Ioc (Figure 6)
	10
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Figure 6. Comparison of the proposed schemes and the conventional scheme according to UE speed
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Figure 7. Comparison of the proposed schemes and the conventional scheme according to Ior/Ioc

These results show that our scheme has a little DL throughput loss against conventional method. Figure 6 shows that the throughput is getting reduced as mobile speed is increased. The throughput differences are similar in each speed. Figure 7 shows the comparison of DL throughput versus Ior/Ioc. 

Both simulation results show that the throughput loss of our scheme is not significant. Especially with the method 1, the loss of throughput is less than 5%.

4. Conclusion

In this contribution, we propose an efficient CQI signalling method to reduce UL interference. The results of uplink interference and downlink throughput shows that a significant reduction of uplink loads can be achieved at the expense of a moderate loss in downlink throughput. Considering uplink interference reduction gain and downlink throughput loss, method 1 is preferred.

We also showed the possible example of Node B scheme that supports our scheme without any significant increase of hardware complexity.

And, it is proposed to include the text proposal in TR 25.858.
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Start of Text Proposal for TR25.858 ----------------------------------

8.2.2.2.4 Measurement feedback definition
Measurement report can take up to [32] values.　It contains one TFRC at a time from the reference list and a power offset value.

An example of possible UE measurement report list for 6 TFRCs and intermediate steps of 1 dB for power offset are shown in Table 1.

Table 1 An example of a measurement report list

	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


8.2.2.2.5
Adaptive UL signalling of measurement feedback

When UE is in soft handover region, it will be needed to send DL measurement report in every TTI. However, this can cause unnecessary increase of UL interference. To prevent the unnecessary increase of UL interference, during the time period between two 5-bit regular refreshments, UE can send either of m-bit relative change (m = [1 or 2]) or 5-bit refreshment depending on the amount of change in channel condition as shown in Figure X1.
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Figure X1. Adaptive UL signalling of DL measurement report

The relative change is defined as the difference between the channel conditions at the current measurement timing and the most recent refreshment. The relative change report will not be transmitted (DTX) if the change in channel condition is so small that there is no change in the TFRC request. 
UE determines that which of the relative change or the refreshment should be sent based on the amount of change in DL channel condition. 
Two OVSF codes are used alternatively for each feedback information type as shown in Figure X2.
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Figure X2. Transmitter structure for indication of the feedback information type with two OVSF codes
End of Text Proposal for TR25.858 ----------------------------------
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