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1. Introduction

In [1], a behavioral problem of closed loop transmission diversity when both R99 DSCH and DPCH are active while the UE is in SHO was identified. The problem is that the weight generated by UE is optimized only for DPCH in SHO which incurs an unnecessary waste of transmission power for DSCH. Several companies presented solutions (including [1], [2], [3]) and a technique was adopted as R4 solution based on [3] which modifies the R99 weight generation principle in such a way that the radio link carrying DSCH can be emphasized more than the other radio links. 

As pointed out in [4], R99 TxAA needs attention when both HS-DSCH and DPCH are active. Naturally, a similar approach to R4 TxAA can be applied, such that the radio link to the serving HSDPA cell can be emphasised if the DPCH is in SHO. So far we have the following options to tackle this problem

1. Reuse R4 Weight Generation

2. Separate Weight control loops for HS-DSCH and DPCH [5]

3. Fast Switching Weight for HS-DSCH and DPCH [6]  

	
	R99
	R4
	“Separate Weight”

Lucent [5]
	“Fast Switching Weight” NEC [6]

	DSCH Optimisation
	Low
	Medium

(Trade-off)
	High
	High

	DPCH Optimisation
	High
	Medium

(Trade-off)
	High
	High

	Uplink Signalling
	R99 DPCCH
	R99 DPCCH
	Additional Signalling @ HS-DPCCH
	R99 DPCCH

	Uplink Signalling Rate (mode1)
	1 FSM per slot
	1 FSM per slot
	1 FSM per 3 slot for HS-DSCH

1 FSM per 1 slot for DPCH
	1 FSM per slot

	Node B TxAA weight application 
	Same weight for both DPCH and HS-DSCH
	Same weight for both DPCH and HS-DSCH
	Different weight for DPCH and HS-DSCH
	Same weight for both DPCH and HS-DSCH

	Mode 1 Weight update
	As specified in 25.214
	As specified in 25.214
	New update scheme due to uplink signalling rate
	As specified in 25.214


   Table 1: Comparison of Proposals

The ‘Separate Weight’ scheme requires independent weight control for DPCH and HS-DSCH which incurs complications (separate channel estimation and new uplink feedback signalling). For these reasons, a decision was made during a previous RAN1 meeting that this scheme shall be treated in the Release 6 time frame (which may allow a deviation from current TxAA architecture). Nevertheless, compared to the R4 scheme, this kind of ‘separate weight’ scheme has the benefit of optimising both HS-DSCH and DPCH simultaneously, rather than adopting a fixed trade-off (like R4 TxAA). 

The ‘fast switching weight’ scheme was also presented in a previous RAN meeting and it was explained that this solution optimises DPCH and DSCH in a time multiplexed way, thus exploiting the burst nature of HS-DSCH transmission. Note that a similar proposal was already presented for the R99 DSCH case in [2].  

2. Fast Switching Weight operation

HS-DSCH performance degradation is expected when DPCH is in SHO if we use the R99 weight generation method. One solution is therefore to adopt the same approach as R4, to improve the trade-off between HS-DSCH and DPCH. The current R4 scheme is based on a trade-off parameter called ‘alpha’ in 25.214 annex: 
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Note that the coefficient alpha is set between 0 and 1. If the network wants to optimise the Tx diversity weights for the i-th radio link more than others, then alpha can be increased to its maximum level of 1. However, in SHO DPCH performance degrades as DSCH performance improves so that more transmission power will be required to meet target BLER of DPCH. Therefore this ‘alpha’ becomes a trade-off parameter between reception quality of DSCH and DPCH. It is also important to note that this alpha parameter is set to a fixed level during entire duration while the DPCH is in SHO. Since the DSCH contains rather bursty traffic whereas the DPCH is used for continuous traffic, this kind of fixed trade-off is not optimal for mixed types of traffic.   

An alternative solution is to adopt the parallel optimisation approach proposed in [5], at the expense of extra complexity. However, the fast switching scheme can achieve better performance than the fixed trade-off provided by the R4 solution, with virtually no extra complexity at the node B or UE. 

A comparison of the R99, R4 and fast switching schemes is given in the following figure. The R99 scheme always uses the DPCH optimised weight vector regardless of the existence of HS-PDSCH. This would incur a large loss of HS-PDSCH quality, which is likely to be inefficient in terms of total transmitted power. The R4 scheme can be used to ‘emphasise’ the serving HSDPA node B over the other non serving cells. However this will cause the quality of DPCH to degrade even when there is no downlink packet activity, such as during the reading time. Note that this reading time can be up to few seconds and duty cycle of HS-PDSCH could be as low as 10 % [7]. Thus loss of DPCH quality during 90% of the time will be unnecessary, and can be avoided by changing the alpha value according to the downlink packet activity as we proposed in the previous RAN1 meeting. The simplest way is to switch alpha between 1 and 0.5 (for the case of active set size of two) as illustrated in the figure. Note that this is a UE operation of which the node B requires no knowledge. Node B functionality is unchanged from R99/R4. Furthermore, no new additional uplink signalling is required.       
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Figure 1: Fast Switching Operation vs. R99/R4 Operation

3. Timing Diagram
At the previous meeting in Oulu, there was concern about the switching timing as related to existing R99 DPCH signaling. In this section, we provide one case example based on UL slot format of 5 (spreading factor = 256) and DL slot format of 0 (spreading factor = 512). Note that this slot format combination was used previously when DPCH TxAA timing issues were investigated [8]. Figure 2 shows a timing diagram between DL/UL DPCH, HS-SCCH and HS-PDSCH. We assumed 10 km cell radius (128 chips one-way propagation delay) and a delay between HS-SCCH and DPCH of 4x256 chips. The sequence of events shown in the figure is as follows.    

1. UE receives 1st slot of HS-SCCH.
2. UE detects its UE-ID encoded by the masking, and calculates FSM optimized for DSCH (using alpha = 1)

3. UE sends FBI bit (D field) to node B

4. The node B receives FSM and calculates new weight using received FSM

5. The node B applies new weight for both DPCH, HS-SCCH and PDSCHs which are allocated to the UE. 

6. UE receives the PDSCH and HS-SCCH transmitted by DSCH optimized weight 
The example shown in Figure 2 is the best case, in which the weight update timing is fully aligned with the beginning of packet transmission. In fact, this kind of timing alignment cannot be met without carefully choosing the delay parameter between DPCH and HS-PDSCH. In the following figures 3 and 4, we show two other extreme examples where the perfect timing for weight update is not possible due to the timing offset between DPCH and HS-PDSCH.   
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Figure 2: Timing Example 1: Best case timing example
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Figure 3: Worst case timing example – Missing ½ slot at the “beginning” of TTI
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Figure 4: Worst case timing example – Missing ½ slot at the “end” of TTI

From figures 3 and 4, it is seen that in the worst case up to ½ slot of PDSCH TTI can be transmitted using weights optimized for DPCH instead of PDSCH. The main cause of the mis-alignment is the timing between PDSCH and DPCH. As a function of the timing parameter ‘m’, we can quantize the number of “mis-aligned” symbols (those transmitted with sub-optimal weights) at the beginning and end of the subframe as shown in following table.

	‘m’
	Number of mis-aligned chips 
at the beginning of the first TTI of the burst
	Number of mis-aligned chips at the end of the last TTI of the burst

	0
	0 x 256
	4 x 256

	1
	0 x 256
	3 x 256

	2
	0 x 256
	2 x 256

	3
	0 x 256
	1 x 256

	4
	0 x 256
	0 x 256

	5
	1 x 256
	0 x 256

	6
	2 x 256
	0 x 256

	7
	3 x 256
	0 x 256

	8
	4 x 256 
	0 x 256

	9
	5 x 256
	0 x 256


Table 2: Mis-aligned number of symbols due to timing mis-adjustment

The term ‘burst’ in Table 2 refers to a block of continuously scheduled TTIs to the same UE. Although there may be up to ½ slot mis-alignment between PDSCH transmission and weight updating, this mis-alignment applies only to the first or last TTIs of a burst (but not both). The effect of the mis-alignment is therefore reduced as the number of continuously scheduled TTIs increases.

4. Performance Evaluation
In order to evaluate the performance of the proposed scheme vs. R99/R4 schemes, a link level simulation is conducted using parameters shown in Annex A. In this simulation, downlink DPCH channel carries a 64kbps reference DTCH while HS-DSCH transmits the CQI=6 (QPSK, coding rate=0.35). It is shown in the Figure 5 that the PER performance of HS-DSCH improves by increasing the alpha value for R4 case while the fast switching scheme achieves similar PER performance to alpha=1. It is notable that the performance of the proposed scheme is 1.8 dB better than the optimistic R4 scheme with alpha = 0.75 while the improvement is 4.4 dB that is even larger compared to R99 scheme. 

In Figure 6, DPCH performance between different schemes is compared in terms of the required transmission power of DPCH channel operating at PER=10%. From the result, it is clear that R4 scheme with alpha = 1 incurs the highest transmission power than other schemes while the R99 scheme provides most optimised performance for DPCH. This is due to the fact that the site diversity is only fully utilised by R99 scheme. Then it is important to note that the proposed solution requires only 0.2 dB more transmission power compared to the most optimised case of R99 while our proposed scheme reduce the DPCH transmission power by 0.2 dB compared to R4 with alpha=0.75. Comparing both HS-DSCH PER and DPCH transmission power requirement, it is evident that the proposed solution deliver the most “balanced” performance over other schemes. 

Note that this result is based on the case when path loss of serving HSDPA cell and non-serving cell is identical to 0 dB and fading velocity of 3 km/h. When UE is closer to non-serving cell, the quality of radio link between the serving cell and UE decreases so that the R99 TxAA weight emphasis more on radio link of non-serving cell. This would incur more transmission power of HS-DSCH is required for R99 TxAA scheme. In this sense, we compared the performance of different schemes with respect to different path loss condition of serving HSDPA cell as shown in Table 3. The gains of the proposed scheme over R99 and R4 schemes are increased for the cases of high path loss of the serving cell. This shows that our proposal extends HSDPA coverage without increasing transmission power of PDSCH. Furthermore, the gain of proposed scheme is higher for low UE velocity case. Since HSDPA is optimised for low (3kmh) and medium (10-30km) cases, the proposed solution enables more efficient utilisation of HS-DSCH transmission power to maximise the system throughput.
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Figure 5: HS DSCH PER Performance Comparison 
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Figure 6: Required DPCH TX Power to achieve PER=10% at 64kbps DPCH 

	Path Loss
	Velocity
	Gain over R99
	Gain over R4 0.75
	Gain over R4 alpha=1

	0
	3
	4.4
	1.8
	-0.4

	-3
	3
	2.5
	0
	-0.3

	0
	10
	2.4
	0.8
	-0.2

	-3
	10
	1.3
	0.2
	0

	0
	30
	1.8
	0.6
	0

	-3
	30
	0.8
	0.2
	0


Table 3: HS-DSCH PER Performance Comparison @PER=10% (see Annex B for detail simulation results)
5. Conclusion

In this contribution, it is shown that

1. The gain of fast switching over R99 is between 4.4 and 0.8 dB for path loss of 0 -> 3 dB and velocity of 3 –> 30 kmh. This implies that for about 20 percent of UE (T_add=3dB), bit rate will be improved by 20% (0.8 dB) -> 175% (4.4 dB) compared with R99. 

2. The gain of fast switching over R4 α=0.75 is always positive, and is between 1.8 and 0.2 dB, that is equivalent to 4% (0.2 dB) -> 51% (1.8 dB).
3. When the fast switching is employed, the DPCH quality is maintained by 0.2 dB lower transmission power compared to R4 α=0.75 scheme while achieving better HS-DSCH performance. Note that this DPCH gain is applied to each UE in SHO so that the total aggregated node B transmission power will be reduced further as the number of UE in SHO increases. 

4. From the link level study of this paper, we can predict a higher system level gain by enhancing SHO UEs whose average bit rate is lower (due to lower channel quality) than UE in non-SHO. When round robin scheduler is used, SHO UE takes more time to receive the same amount of data due to lower bit rate than non-SHO UE. This means that the time allocated for 20 percent of UE should be more than 20 percent. Thus the improvement of 20% – 175% is effective to the time of more than 20 percent. (When proportional fairness scheduler is used, this is similar.)

Therefore we propose RAN1 to modify R99/R4 closed-loop transmit diversity solution to include the proposed ‘fast switching weight’ scheme which is a simple extension of R4 scheme. Furthermore it should be mentioned that the proposed scheme will work better in conjunction with ‘modified TPC’ solution [7] which will improve the reliability of FSM reception. 
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6. Draft Text Proposal

Beginning of Part 1

8.1
Determination of feedback information

The UE uses the CPICH to separately estimate the channels seen from each antenna.

Once every slot, the UE computes the phase adjustment, (, and for mode 2 the amplitude adjustment that should be applied at the UTRAN access point to maximise the UE received power. During soft handover, the UE computes the phase adjustment and for mode 2 the amplitude adjustment to maximise the total UE received power from the cells in the active set in the case that none of a PDSCH or a HS-PDSCH is associated with a DPCH for which closed-loop transmit diversity is applied.  
In the case that a PDSCH is associated with a DPCH for which closed-loop transmit diversity is applied, the antenna weights applied to the PDSCH are the same as the antenna weights applied to the associated DPCH. In case a PDSCH  is associated with a DPCH during soft handover, the UE may emphasize the radio link carrying PDSCH when calculating the antenna weights. 
In the case that a HS-PDSCH is associated with a DPCH for which closed-loop transmit diversity is applied, the antenna weights applied to the HS-PDSCH and HS-SCCH are the same as the antenna weights applied to the associated DPCH. In case a HS-PDSCH is associated with a DPCH during soft handover, the UE will compute the phase adjustment and for mode 2 the amplitude adjustment to maximise the total UE received power from the cells in the active set when it does not detect downlink packet activity, and will compute the phase adjustment and for mode 2 the amplitude adjustment to maximise the UE received power from the cell carrying HS-PDSCH when it detects downlink packet activity.  An example of how the computations can be accomplished is given in Annex A.2.

… end of Part 1

Beginning of Part 2

A.2
Computation of feedback information for closed loop transmit diversity

In non-soft handover case, the computation of feedback information can be accomplished by e.g. solving for weight vector, w, that maximises.


P=wHHHHw
(1)

where

H=(h1  h2( and w = [ w1, w2 ]T
and where the column vectors h1 and h2 represent the estimated channel impulse responses for the transmission antennas 1 and 2, of length equal to the length of the channel impulse response. The elements of w correspond to the adjustments computed by the UE.

During soft handover, the antenna weight vector, w can be, for example, determined so as to maximise the criteria function:


P = wH(H1HH1+ H2HH2+(((()w
(2)

where Hi is an estimated channel impulse response for BS#i. In regular SHO, the set of BS#i corresponds to the active set.

If PDSCH is present, the UE may emphasize the PDSCH serving cell. In this case the antenna weight vector, w can be, for example, determined so as to maximise the criteria function:


P = wH(((H1HH1)+ (1-()(H2HH2+(((())w
where BS#1 is the PDSCH serving cell and coefficient ( is less than or equal to 1. For example ( = 0.7 enhances DSCH performance while ensuring that there is only a small degradation on the DPCH. For the case of HS-PDSCH, the coefficient ( is selected in such a way that it maximizes the HS-PDSCH during downlink packet activity while it enhances DPCH performance during idle packet activity. For example, the coefficient ( can switch between 1 and 0.5 when the packet is active and inactive respectively.
… end of Part 2

Annex

A. Link Level Simulation assumptions

	Parameter
	Value used
	Note

	Number of BTS
	2
	

	Path Loss 
	Variable for serving cell

0 dB for non-serving cell
	

	Number of Multipath
	1
	Path Power = 1

	Fading velocity 
	3,10,30 kmh
	

	Thermal Noise
	0 dB
	

	CPICH Power
	0 dB
	ON

	CQI
	6
	QPSK 1 code

	Adaptive CQI
	OFF
	Fixed CQI 

	HARQ
	OFF
	Only 1st transmission PER is considered.

	HS-DSCH Activity
	Duty Cycle = 10%
	10 TTI consecutive transmission

and 100 TTI transmission interval 

	
	
	

	TX power of DSCH per code 
	Variable
	Only serving cell transmits fixed power HS-DSCH

	
	
	

	DPCH 
	20 ms TTI
	As defined in 25.101 annex A.3.

	DPCH Inner Loop Power Control
	ON
	TPC Step Size = 1 dB

1 Slot Delay

	DPCH Downlink Power Balancing
	OFF
	Assuming 0 % TPC feedback.

	DPCH Outer Loop Power Control
	ON
	Target PER = 10 %

DeltaUp = 1 dB

	DPCH Channel Estimation
	Ideal
	

	DPCH receiver
	Standard RAKE with MRC
	

	
	
	

	TxAA mode 
	Mode 1 

Release 99/4
	As specified in 25.214

	TxAA feedback delay
	1 slot
	

	TxAA feedback error
	0 %
	

	TxAA antenna verification
	OFF
	

	TxAA alpha 
	Variable 
	Fixed during simulation

	Fast Switching Delay
	1 slot
	Influence at the 1st and last slot of the consecutive TTIs. 

	Simulation Length
	20 seconds
	1000 TTI for 20ms DPCH

1000 TTI for 2ms HS-DSCH and duty cycle of 10 %


Annex B. Performance Comparison on different Path Loss conditions
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Figure 7: Serving Cell Path Loss = 0 dB, Velocity 3kmh
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Figure 8: Serving Cell Path Loss = -3 dB, Velocity 3 kmh
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Figure 9: Serving Cell Path Loss = 0 dB, Velocity 10kmh
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Figure 10: Serving Cell Path Loss = - 3dB, Velocity 10kmh 
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Figure 11: Serving Cell Path Loss = 0 dB, Velocity 30kmh
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Figure 12: Serving Cell Path Loss = -3 dB, Velocity 30kmh
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