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1. Introduction

Application of R99 closed-loop transmit diversity solution to R5 (HSDPA) has not been analyzed in detail yet. Since there is only one uplink feedback channel from each base station to a UE, both DPCH and HSDPA services would have to utilize the same TxAA weight vector and hence weight selection criterion. This scheme will work fine normally but may have some problem in the soft handoff (SHO) cases. In this case the UE requires HSDPA service, but the DPCH is in soft hand-off. This leads to a conflict in optimal weight vector selection since HS-DSCH is never in SHO. The optimal weight vector for the DPCH, which is in soft-handoff is not the optimal weight vector for HSDPA, which is not in soft-handoff. This poses a problem that needs to be addressed. Note that this happens even when both HS-DSCH and DPCH utilize the same TxAA mode. This problem was also discussed in [2] and [3], where some solutions were proposed.

This contribution covers the following issues:

1. A solution to the mode/weight vector conflict problem when HSDPA is on and DPCH is in SHO. From simulation results presented in this contribution, we conclude that the best solution is to account only the stronger base station (in terms of path loss) when selecting the TxAA weight vector.  Hence, we propose to use this weight vector selection criterion whenever HSDPA is on, for both the HSDPA and DPCH.

2. In [1], Texas Instruments proposed to use 2 instead of 3 phase bits for mode 2. It was demonstrated that the there is virtually no loss of performance for static channels when 2 instead of 3 bits are used for phase quantization. Compared to the R99 mode 2, the modified mode 2 results in less feedback delay when used for HSDPA applications. For the rest of this contribution, we refer to the modified mode 2 as mode 3 for conciseness. More simulation results demonstrating the advantage of mode 3 over R99 mode 2 for different values of UE speed and feedback error rate are given in this contribution.

3. Based upon (1) and (2) above, we then propose to use only mode 1 and mode 3 as the TxAA solution for HSDPA applications. Note that there are two types of base stations: 

· BS that supports HSDPA and voice services: R5 base station,

· BS that supports only voice services (no HSDPA capability): R99 base station.

      It is demonstrated that when SHO occurs for DPCH with a BS that supports HSDPA service for the UE (BS1) and another BS that does not (BS2), using mode 3 for BS1 results in best performance for HSDPA and a small loss for DPCH, thus resulting in better overall performance. 

2. Simulation assumptions and parameters

Basic simulation parameters are given in Table 1 below.

Table 1. Simulation parameters

	Modulation and coding for HSDPA
	QPSK, 8-state turbo code rate ½

	Modulation and coding for DPCH
	QPSK uncoded

	Channel
	Flat Rayleigh fading

	UE speed (kmph)
	3, 10, 20, 30

	Antenna configuration
	2 transmit and 1 receive antennas

	Feedback bit error rate (FBER)
	0, 4, and 10 %

	Channel estimation
	Perfect

	Power control for HSDPA
	Off

	Power control for DPCH
	Off


It suffices to consider only one MCS level (QPSK rate 1/2) for HSDPA since the gain of TxAA is independent of the MCS level and we are interested in the performance of each mode relative to others. 

The feedback delay for different TxAA modes are given in Table 2 below.

Table 2. Feedback delay

	TxAA mode
	HSDPA (R5)
	Voice (R99)

	Mode 1 (2-bit phase)
	4 slots
	2 slots

	Mode 2 (1-bit mag, 3-bit phase)
	7 slots
	4 slots

	Mode 3 (1-bit mag, 2-bit phase)
	4 slots
	3 slots


Note that the delays in Table 2 represent the worst-case scenario since per slot weight vector updating technique (see TS 25.214) can be used for all the modes. The reader is referred to [1] for further details.

To measure the performance of HSDPA, FER vs. Ior/Ioc is used. For DPCH, we use raw BER vs. Eb/N0. 

3. Conflict of TxAA weight vector selection in SHO 

In this section, we address the problem mentioned in the Introduction, where a UE only requires HSDPA service but DPCCH is in SHO. In this case, a conflict in weight vector selection may occur. This is because HS-DSCH is never in SHO. This happens even when both HS-DSCH and DPCH utilize the same TxAA mode. The problem can be illustrated in Fig. 1 below. 







Figure 1. Illustration of weight vector selection mismatch problem in SHO

For DPCH, according to TS 25.214 (v3.5.0 2000, Section 7 equation (2)) the weight vector selection at the UE in SHO is based on the following metric:
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where S denotes the (mode-specific) set of weighting vectors. The weight vector selection criterion in (1) is termed the SHO criterion. This turns out to be the optimum criterion (for DPCH) when SHO takes place.

For HSDPA, SHO never takes place. We assume that the UE communicates with BS1. Hence, the optimum criterion is
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We term this criterion the BS1 criterion.

At the receiver (UE), the following combining is used for HSDPA and DPCH (see Fig. 1):

· For HSDPA, MRC is done with respect to base station 1 (BS1) only:
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· For DPCH, MRC is performed across BS1 and BS2:
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where w1 and w2 are the weight vectors corresponding to base station 1 and 2, respectively. In this section, we consider the case where w1 = w2. 

Notice that a mismatch occurs because HSDPA requires BS1 criterion and DPCH requires SHO criterion.  To avoid such mismatch, there are two possibilities:

1. Always use SHO criterion for both HSDPA and DPCH when SHO occurs (R99, eq. (1)).

2. Always use BS1 criterion for both HSDPA and DPCH when SHO occurs (proposed, eq. (2)).

To evaluate the performance of each solution, we perform link level simulations using both weight vector selection criteria assuming the same TxAA mode is used for HSDPA and DPCH (w1 = w2 ). The comparison is summarized in the table below:

Table 3. Comparison summary: DPCH and HSDPA when DPCH is in SHO

	Criterion
	Characteristic
	Source
	TxAA modes

	SHO: eq. (1)
	Optimized for DPCH
	R99 TS 25.214
	Mode 1, 2

	BS1: eq. (2)
	Optimized for HSDPA
	proposed
	Mode 1, 2


The results are depicted in Fig. 2 and the tables below (see Figs. 5 – 10 for detailed simulation results). Note that the results for mode 3 are not really applicable since DPCH only uses mode 1 and 2 (R99 compliant). The results for mode 3 are shown only for comparison. FBER of 4% is assumed. We consider path loss ratio between BS1 and BS2 (P1/P2) of 1 and 3, where BS1 is assumed to have “stronger” connection to the UE compared to BS2. The results are summarized in the tables below. Since mode 2 is used for low UE speed and mode 1 is used for higher UE speed, we highlight the results according to their applicability. Observe that up to 2.75-dB gain in Ior/Ioc can be obtained for HSDPA by using BS1 criterion over SHO criterion. The maximum loss in Eb/N0 for DPCH as a result of using BS1 criterion is –1-dB. This loss in DPCH is outweighed by the gain for HSDPA, which transmits at higher data rate compared to DPCH. 

Table 4. Gain of BS1 criterion over SHO criterion in Ior/Ioc (dB) for HSDPA to attain 10% FER 

	TxAA Mode
	P1/P2
	UE speed

	
	
	3-kmph
	10-kmph
	20-kmph
	30-kmph

	Mode 1 
	1
	2.50
	2.65
	2.00
	1.10

	
	3
	0.80
	1.00
	0.60
	0.40

	Mode 2
	1
	2.75
	2.25
	0.85
	0.30

	
	3
	0.95
	0.80
	0.30
	0.10


Table 5. Gain of BS1 criterion over SHO criterion in Eb/N0 (dB) for DPCH to attain 4% BER 

	TxAA Mode
	P1/P2
	UE speed

	
	
	3-kmph
	10-kmph
	20-kmph
	30-kmph

	Mode 1 
	1
	-0.90
	-0.80
	-0.90
	-1.00

	
	3
	-0.35
	-0.30
	-0.40
	-0.50

	Mode 2
	1
	-0.75
	-0.90
	-1.10
	-1.30

	
	3
	-0.30
	-0.35
	-0.50
	-0.60


Based on the above results, we propose to use the BS1 criterion in equation (2) for TxAA weight vector selection for HSDPA and DPCH whenever DPCH is in SHO.

4. Simulation results for 3 different TxAA modes in HSDPA scenario

In this section, we demonstrate the advantage of the proposed mode 3 for HSDPA (modified mode 2 in [1]) over the best of mode 1 and mode 2. BS1 criterion is used for weight vector selection.

Figure 3 depicts the required Ior/Ioc vs. UE speed to achieve 10% FER for HSDPA. FBER of 0, 4, and 10 % are assumed. Observe that mode 3 is consistently superior to mode 2. The gain of mode 3 relative to mode 2 increases with the UE speed as expected. Notice that mode 2 is virtually useless for HSDPA since it is consistently worse than mode 1 except for very low UE speeds (< 5-kmph) The results are summarized below for 4% FBER:

Table 6.  Required Ior/Ioc (dB) with 4% FBER to achieve 10% FER

	UE speed (kmph)
	3
	10
	20
	30

	Mode 1
	3.90    
	4.80    
	5.95    
	7.50  

	Mode 2
	3.70    
	5.05   
	7.70    
	9.55   

	Mode 3
	3.50    
	4.25    
	5.45    
	7.10    

	Gain of mode 3 wrt the best of mode 1 and 2
	0.20
	0.55
	0.50
	0.40


Hence, for UE speed below 30-kmph, mode 3 provides up to 0.55-dB gain in Ior/Ioc for HSDPA over the existing mode 1 and 2.

5. Mode 3 for HSDPA when DPCH is in SHO

So far we have assumed that both HSDPA and DPCH use the same TxAA mode. In this case, we have demonstrated that the BS1 criterion for weight vector selection is preferred whenever HSDPA is on. We have also demonstrated in the previous section that mode 2 as defined for R99 is practically useless for HSDPA Following section (3), since the BS1 criterion is used for both the HSDPA and DPCH, and following section (4), since mode 1, 3 is better than the best of modes 1,2 we propose that the mode 2 be replaced by mode 3 for HSDPA. The only issue that may now be raised is what happens to DPCH in the presence of soft handoff between a release 5 base station to a release 99 base station? We now compare the following 2 schemes (see Fig. 1) in terms of their effect on DPCH performance: 

Scheme 1:

· Both BS1 and BS2 utilize mode 1: 
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Scheme 2 (the proposed scheme):

· BS1 utilizes mode 3 and BS2 utilizes mode 2: 
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It suffices to compare the proposed scheme (scheme 2) with mode 1 (scheme 1) since mode 2 will not be used for HSDPA (see section 4). Such difference between w1 and w2 arises when BS1 supports HSDPA service and BS2 does not (i.e. BS2 only supports R99 service). Therefore, although the weight vector selection at the UE is based on mode 3, BS2 interprets the feedback as mode-2 weight vector. The comparison in this section is summarized in Table 7 below. We assume that BS1 criterion in (2) is used for both HSDPA and DPCH. The results for DPCH are shown in Fig. 4 (see Fig. 11 for more detailed results) and summarized in Table 8 below. 

Table 7. Comparison summary: DPCH in SHO
	DPCH simulation
	Criterion
	UE weight vector quantization
	BS1 (HSDPA BS) interpretation
	BS2 (R99 BS) interpretation

	Scheme 1
	BS1
	Mode 1
	Mode 1
	Mode 1

	Scheme 2
	BS1
	Mode 3
	Mode 3
	Mode 2


Table 8. Required Eb/N0 (dB) for DPCH in scheme 1 and 2 (BER=4%)

	P1/P2
	Scenario
	UE speed

	
	
	3-kmph
	10-kmph
	20-kmph
	30-kmph

	1
	Scheme 1
	2.65
	2.45
	2.60
	2.70

	
	Scheme 2
	2.10
	2.20
	2.40
	2.75

	
	DPCH gain of scheme 2 over scheme 1
	0.55
	0.25
	0.20
	-0.05

	3
	Scheme 1
	2.20
	2.05
	2.25
	2.50

	
	Scheme 2
	1.70
	1.80
	2.15
	2.60

	
	DPCH gain of scheme 2 over scheme 1
	0.50
	0.25
	0.10
	-0.10


The above results demonstrate that the use of mode 3 for HSDPA actually provides gain in DPCH (up to 0.55-dB for low UE speed) over mode 1 even when DPCH is in SHO and the second base station (BS2) does not support HSDPA service. In this case, BS2 interprets the mode-3 weight vector signaling from the UE as a mode-2 weight vector. Thus mode 3  proves to be useful even for DPCH for low UE speed.

Based on the above results, we propose to use mode 1 for high UE speed and mode 3 for low UE speed for HSDPA applications. Mode 2 should be discarded for HSDPA since it does not provide any gain over mode 1 at virtually any UE speed.
6. Summary 

The results presented in this contribution can be summarized as follows:

1. When HSDPA is on and DPCH experiences SHO, weight vector selection criterion for TxAA that is based on the strongest base station only (BS1 criterion in (2)) outperforms the SHO criterion defined in TS 25.214 (SHO criterion in (1)). The use of BS1 criterion results in up to 2.75-dB gain for HSDPA while incurs no more than 1.00-dB loss for DPCH.

2. The proposed mode 3 TxAA outperforms the best of mode 1 and mode 2 by up to 0.55-dB for UE speed below 30-kmph. Mode 2 as defined in R99 is practically useless for HSDPA applications as it is inferior to mode 1 even for low UE speed.

3. When HSDPA is on and DPCH experiences SHO, for low UE speed, instead of using mode 1 for both base stations, the base station that provides HSDPA service can use the proposed mode 3 to obtain better performance.

Two other cases that are not discussed in details in this contribution are:

1. A UE requires both voice (R99) and HSDPA (R5) services. In this case, both DPDCH and downlink shared channel (HS-DSCH) are on. When the dedicated physical channel (DPCH – both data and control) utilizes mode 2, HS-DSCH is forced to use mode 2 (instead of mode 3). In addition, HSDPA must also use the weight selection criterion defined in TS 25.214 for R99. However, this scenario does not frequently occur.

2. A UE only requires HSDPA service and DPCCH is not in soft handoff (SHO). Since DPDCH is off, both HS-DSCH (HSDPA) and DPCH can utilize any mode that the base station supports. Whenever possible, mode 3 should be used instead of mode 2 since it results in better performance. 

7. Proposals

In light of the above results, we propose the following modification from R99 (TS 25.214) be accepted for HSDPA (release 5) closed-loop transmit diversity solution:

1. When HSDPA is on and DPCH experiences SHO, weight vector selection criterion for TxAA should be based on the strongest base station only (BS1 criterion in equation (2)) instead of the SHO criterion defined in TS 25.214 (SHO criterion in (1)). No modification from TS 25.214 is needed when HSDPA is off. 

2. Mode 2 as per TS 25.214 is replaced by mode 3 (1-bit magnitude, 2-bit phase) whenever HSDPA service is provided. This includes the following:

· Base stations that support HSDPA service (R5 base stations) are required to support mode 3 instead of mode 2 while providing HSDPA service.

· When HSDPA is on, a R5 base station should be able to interpret mode 3 for both HSDPA channel  (HS-DSCH) and DPCH. This holds whether DPCH is in SHO or not. 
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Figure 2. Comparison between two weight selection criteria (BS1-only and SHO) for HSDPA channels and DPCH when DPCH experiences SHO. Note that HSDPA channels do not experience SHO.
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Figure 3. Comparing the required Ior/Ioc for mode 1, mode 2, and mode 3 (modified mode 2) for HSDPA 

scenario: feedback bit error rate = 0, 4, 10%.
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Figure 4. Comparing two alternatives when BS1-only weight selection criterion is used: (1) both BS1 and BS2 use mode 1, (2) BS1 uses mode 3 (the proposed modified mode 2 for HSDPA) and BS2 uses mode 2. The second alternative seems to be better especially for low UE speed. 

Annex: FER and BER simulation results

For completeness, the FER vs. Ior/Ioc for HSDPA and BER vs. Eb/N0 results are given in this section.
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Figure 5. FER simulation results: comparing two weight selection criteria: effect on HSDPA, mode 1 TxAA
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Figure 6. FER simulation results: comparing two weight selection criteria: effect on HSDPA, mode 2 TxAA
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Figure 7. FER simulation results: comparing two weight selection criteria: effect on HSDPA, mode 3 TxAA
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Figure 8. BER simulation results: comparing two weight selection criteria: effect on DPCH, mode 1 TxAA
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Figure 9. BER simulation results: comparing two weight selection criteria: effect on DPCH, mode 2 TxAA
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Figure 10. BER simulation results: comparing two weight selection criteria: effect on DPCH, mode 3 TxAA
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Figure 11. BER simulation results: effect on DPCH when BS 1 uses mode 3 while BS 2 uses mode 2.
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