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1
Introduction

In RAN1#60, much progress was made towards link and system evaluation of ULTD for HSPA [1]. However, it was concluded that some issues were yet to be considered in the system study. In this contribution, based on the further link and system evaluation study performed in [3]-[9], we propose to update the latest draft of TR25.863[1] with the relevant results in Chapters 6 and 7. Furthermore, we also provide a template for Ch 7.3 titled ULTD System Evaluation Conclusions.
2
Proposal to update Chapters on Link and System Evaluation Results

Subsequent to RAN1#60, in an attempt to address outstanding issues as raised in [3] on the UL Transmit Diversity Study for HSPA, a few link and system studies were performed to address the following:
· Performance associated with Bursty Traffic Traffic [3],[9]

· Impact to E-DPCCH decoding [4]

· Modeling of Demodulation Losses at the NodeB Rx [5], [6]

· UE Battery Power and PA heat savings due to transmit power reduction as observed in the ULTD study [7]

· PRACH coverage impact due to BFTD [7]

· HS-DPCCH impact due to BFTD in Soft Handover Conditions [8]

Proposal 1: It is proposed that the relevant chapters (6, 7) in the latest draft [1] of  TR25.863 be updated with the System Evaluation Results.

Furthermore, the simple method to model NodeB Rx loss by assessing a fixed penalty (or constant backoff) on the decoding SNR [10], [11] was proven to be pessimistic in [5], [6], since the effects of the Rx Ec/No are implicitly captured in the system simulation. Hence additional modelling of the NodeB receiver impact as proposed in [10],[11] is unnecessary. Given this, we propose that results due to NodeB Rx loss that have been captured in [1] be removed and only capture results due to implicit modelling of NodeB receiver loss that happens naturally.
Proposal 2: Eliminate system evaluation results in Chapter 7 of [1] that correspond to modelling of NodeB reciver loss by the method of constant SNR backoff for both SATD and BFTD schemes.
3
Text Proposal to Chapter 6

[--------------------------------------------------------------- TEXT START ------------------------------------------------------------]
6.1.4
Sensitivity with respect to the BLER operating point

The evaluations presented above have been performed at an operating point where the residual BLER target after the 4th transmission is 1 percent. In this section we therefore evaluate the relative gain in Tx and Rx Ec/No as a function of different BLER targets (after the first transmission). Note that the evaluation only is performed for the case where the antenna imbalance is 0 dB. 

Table 26 presents the relative gain in Tx Ec/N0 and Table 27 presents the relative gain in Rx Ec/No for different BLER levels for the switched antenna diversity algorithms. 

Table 26: Results showing Tx Ec/No relative gains with respect to reference case without Tx diversity for a scenario without transmit antenna correlation as a function of the BLER target after first transmission. [21]

	BLER@ first transmission [%]
	2
	5
	10
	20
	30
	40
	50

	PA3

	SATD Genie
	2.06
	1.83
	1.92
	2.05
	1.91
	1.89
	1.94

	SATD Prac
	0.65
	0.97
	0.96
	1.21
	0.99
	1
	1.18

	VA30

	SATD Genie
	-1.4
	-0.5
	-0.25
	-0.23
	-0.18
	-0.08
	-0.08

	SATD Prac
	-0.52
	-0.41
	-0.26
	-0.22
	-0.22
	-0.05
	-0.1


Table 27: Results showing Rx Ec/No relative gains with respect to reference case without Tx diversity for a scenario without transmit antenna correlation as a function of the BLER target after first transmission. [21]

	BLER@ first transmission [%]
	2
	5
	10
	20
	30
	40
	50

	PA3

	SATD Genie
	0.02
	-0.08
	-0.03
	-0.05
	-0.08
	-0.19
	-0.17

	SATD Prac
	-0.68
	-0.41
	-0.28
	-0.26
	-0.34
	-0.35
	-0.17

	VA30

	SATD Genie
	-1.55
	-0.7
	-0.43
	-0.41
	-0.36
	-0.30
	-0.31

	SATD Prac
	-0.6
	-0.42
	-0.37
	-0.3
	-0.27
	-0.17
	-0.21


6.1.5
E-DPCCH Decoding Impact due to Switched Antenna Transmit Diversity
[Include results from [4]]
6.1.6
Analysis of NodeB Rx receiver impact due to SATD
[Include results from [5]]
[--------------------------------------------------------------- TEXT END ------------------------------------------------------------]
[--------------------------------------------------------------- TEXT START ------------------------------------------------------------]
6.3
Uplink Transmit Diversity Link Level Simulations with Discontinuous Transmission
6.3.1
Discontinuous transmission description

Voice over IP service of 160 kbps was simulated for practical switched antenna and beamforming  transmit diversity schemes. One data packet was generated every 16 ms. DPCCH transmission precedes data transmission on E-DPDCH by 2 slots and follows it by 1 slot totalling 4 ms (6 slots) of DPCCH transmission every 16 ms.
6.3.2
Link level simulation results

Gain due to DTX columns in the following tables compare the Tx diversity gains achieved in the presence of DTX with the gains achieved in the absence of DTX (negative value indicates less improvement when discontinuous transmission is present).

Table 38 – Tx and Rx Ec/No gains - Practical Switched Antenn Diversity scheme, no antenna correlation, no antenna imbalance [33]
	Channel
	Gain over Ref
	"Gain" due to DTX

	
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No

	PA3
	-0.50
	0.92
	0.30
	0.14

	VA3
	-0.30
	0.30
	0.00
	0.01

	VA30
	-0.10
	-0.01
	0.20
	0.10


Table 39 – Tx and Rx Ec/No gains – Practical Beamforming scheme, no antenna correlation, no antenna imbalance [33]
	Channel
	Gain over Ref
	"Gain" due to DTX

	
	Rx Ec/No
	Tx Ec/No
	Rx Ec/No
	Tx Ec/No

	PA3
	-0.45
	0.88
	-0.05
	-0.38

	VA3
	-0.20
	0.26
	0.00
	-0.22

	VA30
	-0.10
	-0.10
	-0.10
	-0.06


6.4
HS-DPCCH Performance in Soft Handover with Beamforming Transmit Diversity
[Include results from [8]]
6.5
Conclusion on Link Evaluation Results
6.5.1
Switched Antenna Transmit Diversity
[Modify this section to include the conclusions on the results on [4],[5]]
The simulation results with practically implementable algorithms on switched antenna transmit diversity for balanced and uncorrelated antennae show that in PedA 3 km/h channel, a reduction (gain) up to 1.42 dB in the UE uplink transmit power can be achieved. In VehA 30 km/h channel, UE transmit power more similar to that of the single antenna case can be observed, difference ranging from 0.15 dB loss to 0.2 dB gain. For more stringent BLER targets compared to the reference (1% residual BLER after 4th transmission) worse performance - smaller UE Tx power gains or larger losses - are observed.

In the presence of antenna correlation (balanced antennae), the Tx power gains in PedA 3 km/h channel are somewhat smaller than in case of no antenna correlation. Similarly the loss observed in VehA 30 km/h channel is somewhat reduced.

In the presence of antenna imbalance (uncorrelated antennae), for both studied channels (PedA 3 km/h and VehA 30 km/h), when the secondary antenna has lower gain than the primary (reference) antenna, up to 1.25 dB increase (loss) in UE Tx power is observed. When the secondary antenna has higher gain than the primary (reference) antenna, reductions (gain) up to 2.06 to 3.2 dB in UE Tx powers is seen.

In all simulated cases (PedA 3 km/h and VehA 30 km/h channels for uncorrelated and balanced, uncorrelated and imbalanced, and correlated and balanced antennae), no gains were observed, but typically an increase (loss) up to 0.73 dB is observed for the Node B Rx Ec/No. For more stringent BLER targets compared to the reference (1% residual BLER after 4th transmission) an increased loss in Node B Rx Ec/No is observed.

When the maximum switching frequency is reduced from 100 Hz to 50 or 25 Hz, an overall reduction in the UE Tx power performance is seen – gains decrease or loss increase. Typically, but not consistently a somewhat smaller loss is observed in the Node B Rx Ec/No.
6.5.2
Beamforming Transmit Diversity

[Modify this section to include the conclusions on the results in [6]]
The simulation results with practically implementable algorithms on beamforming antenna transmit diversity for balanced and uncorrelated antennae show that in PedA 3 km/h channel, a reduction (gain) in the range of 1.0 to 2.77 dB in the UE uplink transmit power can be achieved. In VehA 30 km/h channel, UE transmit powers range from 1.46 dB loss to 0.54 dB gain relative to the single antenna case.
In the presence of antenna correlation (balanced antennae), the Tx power gains in PedA 3 km/h channel increase slightly and VehA 30 km/h channel shows UE transmit powers ranging from 0.8 dB loss to 2.15 dB gain.
In the presence of antenna imbalance (uncorrelated antennae), when the secondary antenna has lower gain than the primary (reference) antenna, for PedA 3 km/h Tx power performance ranging from 1.26 dB loss to 1.27 dB gain is observed. For VehA 30 km/h all simulated cases indicate loss from 0.83 dB to 2.2 dB. When the secondary antenna has higher gain than the primary (reference) antenna, significant gains up to 4.24 dB are observed for PedA 3 km/h channel. For VehA 30 km/h channel a range from small loss to 2.2 dB gain in UE Tx power is seen.

In all simulated cases (PedA 3 km/h and VehA 30 km/h channels for uncorrelated and balanced, uncorrelated and imbalanced, and correlated and balanced antennae) an increase (loss) typically in the range of 0.1 to 0.5 dB is observed for the Node B Rx Ec/No although in some cases loss up to 2.1 dB and gain up to 0.23 dB is seen.

[--------------------------------------------------------------- TEXT END ------------------------------------------------------------]
4
Text Proposal to modify template of Chapter 7

7.1
Switched Antenna Transmit Diversity

.7.1.1

Full Buffer Traffic
7.1.1.1
     Results for inter-site distance 1km

7.1.1.1.1      Results for 0 dB long-term antenna imbalance and 2D antennas

[--------------------------------------------------------------- TEXT OMITTED --------------------------------------------------------]
7.1.1.1.2

Results for 0 dB long-term antenna imbalance and 3D antenna

[--------------------------------------------------------------- TEXT OMITTED --------------------------------------------------------]
7.1.1.1.3

Results for -4 dB long-term antenna imbalance and 2D antenna
[--------------------------------------------------------------- TEXT OMITTED --------------------------------------------------------]
7.1.1.1.4

Results for -4 dB long-term antenna imbalance and 3D antenna
[--------------------------------------------------------------- TEXT OMITTED --------------------------------------------------------]

[--------------------------------------------------------------- TEXT OMITTED --------------------------------------------------------]
7.1.1.2


Results for inter-site distance 2.8km
7.1.1  
[--------------------------------------------------------------- TEXT OMITTED --------------------------------------------------------]
7.1.1.3


Sensitivity to BLER target

[--------------------------------------------------------------- TEXT OMITTED --------------------------------------------------------]
.7.1.2

Bursty Traffic
[Capture results from [3]]
7.1.2.1
     Results for inter-site distance 1km

7.1.2.1.1      Results for 0 dB long-term antenna imbalance and 2D antennas

[--------------------------------------------------------------- TEXT OMITTED --------------------------------------------------------]
7.2
Beam-forming Transmit Diversity
7.2.1

Full Buffer Traffic
7.2.1.1
Results for inter-site distance of 1km

7.2.1.1.1      Results for 0dB long-term antenna imbalance and 2D antennas

[--------------------------------------------------------------- TEXT OMITTED --------------------------------------------------------]
7.2.1.1.2
Results for 0dB long-term antenna imbalance and 3D antennas

[--------------------------------------------------------------- TEXT OMITTED --------------------------------------------------------]
7.2.1.1.3
Results for -4dB long-term antenna imbalance and 2D antennas

[--------------------------------------------------------------- TEXT OMITTED --------------------------------------------------------]
7.2.1.1.4
Results for -4dB long-term antenna imbalance and 3D antennas

[--------------------------------------------------------------- TEXT OMITTED --------------------------------------------------------]
7.2.1.2
Results for inter-site distance 2.8km

7.2.1.2.1      Results for 0dB long-term antenna imbalance and 2D antennas

[--------------------------------------------------------------- TEXT OMITTED --------------------------------------------------------]
7.2.2

Bursty Traffic
[Capture results from [9]]
7.2.2.1
Results for inter-site distance of 1km

7.2.2.1.1      Results for 0dB long-term antenna imbalance and 2D antennas

7.3
Battery Power and Heat Savings due to Transmit Power Reduction

[Include analysis from [7]]
7.4
Conclusion on System Evaluation Results


In the following subsection the system level results are summarized. The observed results are categorized based on the inter-site distance and long-term antenna imbalance associated with the UEs. The long-term antenna imbalance captures the fact that the two antennas can have different antenna efficiencies. Other antenna impairments, including variations of antenna strength for different angles of departure have been incorporated by the short-term antenna imbalance. For simplicity, this has been modelled by a log-normal zero-mean Gaussian random variable with constant standard deviation for all studied cases (even though the standard deviation in practice will depend on the specific channel type). The results are moreover based on a simplistic model of the indoor-to-outdoor penetration loss in which all UEs are associated with a constant 10dB or 20 dB penetration loss.
7.4.1 
Switched antenna diversity

7.4.1.1    Full Buffer Traffic

7.4.1.1.1    Inter-site distance 1km and 0dB long-term antenna imbalance

For settings with an inter-site distance of 1km, 2D antenna pattern, a 0dB long-term antenna imbalance, depending on the user load, for switched antenna diversity:

· In a PA3kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]
· Reduction in UE transmit power ranged from [x]dB to [y]dB

· In a VA30kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

· In a PA0.1kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

Note: For some companies, it was unclear how frequently UEs will observe a PA0.1 channel.

For settings with an inter-site distance of 1km, realistic 3D antenna patterns (Kathrein 742212) accounting for down tilt, a 0dB long-term antenna imbalance, depending on the user load, for switched antenna diversity:

· In a PA3kmph channel

· Gain in average user throughput ranged from [-0.5%] to [2.5%]

· Gain in 10 percentile user throughput ranged from [-10.8%] to [26.7%]

· Reduction in UE transmit power ranged from [0.85]dB to [1.3]dB

Note: For this case, the performance sensitivity with respect to the BLER target was also evaluated. The results showed that the potential gains decreased the more stringent the BLER target became and for a BLER target of 2 percent after the first transmission, the loss in average user throughput ranged between [8] percent and [22] percent depending on load.

· In a VA30kmph channel

· Gain in average user throughput ranged from [-4.8%] to [-1.5%]
· Gain in 10 percentile user throughput ranged from [-15.2%] to [-4.1%]

· Reduction in UE transmit power ranged from [0.8]dB to [1.4]dB

7.4.1.1.2     Inter-site distance 1km and -4dB long-term antenna imbalance

For settings with an inter-site distance of 1km, 2D antenna pattern, a -4dB long-term antenna imbalance, depending on the user load, for switched antenna diversity:

· In a PA3kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

· In a VA30kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

For settings with an inter-site distance of 1km, realistic 3D antenna patterns (Kathrein 742212) accounting for down tilt, a -4dB long-term antenna imbalance, depending on the user load, for switched antenna diversity:

· In a PA3kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

· In a VA30kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

7.4.1.1.3      Inter-site distance 2.8 km and 0dB long-term antenna imbalance

For settings with an inter-site distance of 2.8km, 2D antenna pattern, a 0dB long-term antenna imbalance, depending on the user load , for switched antenna diversity:

· In a PA3kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

Note: The 10th percentile user data rates for the baseline algorithm (no transmit diversity) in this setting could be as low as 12 kbps and they did not exceed 160 kbps for any of the studied loads.

· In a VA30kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

Note: The 10th percentile user data rates for the baseline algorithm (no transmit diversity) in this setting could be as low as 15.6 kbps and they did not exceed 140 kbps for any of the studied loads.

· In a PA0.1kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

Note: For some companies, it was unclear how frequently UEs will observe a PA0.1 channel.

7.4.1.2    Bursty Traffic 

7.4.1.2.1
Inter-site distance 1km and 0dB long-term antenna imbalance

For settings with an inter-site distance of 1km, 2D antenna pattern, a 0dB long-term antenna imbalance, depending on the user load, for switched antenna transmit diversity:

· In a PA3kmph channel

· Gain in average user burst rate ranged from [x%] to [y%]

· Gain in 10 percentile user burst rate ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

· In a VA30kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

7.4.2
Beam forming antenna diversity

7.4.2.1    Full Buffer Traffic 
7.4.2.1.1
Inter-site distance 1km and 0dB long-term antenna imbalance

For settings with an inter-site distance of 1km, 2D antenna pattern, a 0dB long-term antenna imbalance, depending on the user load , for beam forming antenna diversity:

· In a PA3kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

· In a VA30kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

· In a PA0.1kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

Note: For some companies, it was unclear how frequently UEs will observe a PA0.1 channel.

For settings with an inter-site distance of 1km, realistic 3D antenna patterns (Kathrein 742212) accounting for down tilt, a 0dB long-term antenna imbalance, depending on the user load, for beam forming antenna diversity:

· In a PA3kmph channel

· Gain in average user throughput ranged from [5.1%] to [11.9%]

· Gain in 10 percentile user throughput ranged from [-13.5%] to [21.8%]

· Reduction in UE transmit power ranged from [0.89]dB to [1.25]dB

· In a VA30kmph channel

· Gain in average user throughput ranged from [0.4%] to [3.1%]

· Gain in 10 percentile user throughput ranged from [-13.2%] to [11.7%]

· Reduction in UE transmit power ranged from [0.84]dB to [1.11]dB

. 

7.4.2.1.2     Inter-site distance 1km and -4dB long-term antenna imbalance

For settings with an inter-site distance of 1km, 2D antenna pattern, a -4dB long-term antenna imbalance, depending on the user load , for beam forming antenna diversity:

· In a PA3kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

· In a VA30kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

For settings with an inter-site distance of 1km, realistic 3D antenna patterns (Kathrein 742212) accounting for down tilt, a -4dB long-term antenna imbalance, depending on the user load, for beam forming antenna diversity:

· In a PA3kmph channel

· Gain in average user throughput ranged from [-3.5%] to [5.5%]

· Gain in 10 percentile user throughput ranged from [-27%] to [41.9%]

· Reduction in UE transmit power ranged from [-1.07]dB to [-0.52]dB

· In a VA30kmph channel

· Gain in average user throughput ranged from [-6.5%] to [1.2%]

· Gain in 10 percentile user throughput ranged from [-18.2%] to [2.4%]

· Reduction in UE transmit power ranged from [-1.21]dB to [-0.9]dB

7.4.2.1.3      Inter-site distance 2.8km and 0dB long-term antenna imbalance

For settings with an inter-site distance of 2.8km, 2D antenna pattern, a 0dB long-term antenna imbalance, depending on the user load , for beam forming antenna diversity:

· In a PA3kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

Note: The 10th percentile user throughput for the baseline algorithm (no transmit diversity) in this setting could be as low as 40 kbps did not exceed 160 kbps for any studied load.

· In a VA30kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

Note: The 10th percentile user throughput for the baseline algorithm (no transmit diversity) in this setting could be as low as 33 kbps did not exceed 140 kbps for any studied load.

· In a PA0.1kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

Note: For some companies, it was unclear how frequently UEs will observe a PA0.1 channel.

7.4.2.2    Bursty Traffic 

7.4.2.2.1
Inter-site distance 1km and 0dB long-term antenna imbalance

For settings with an inter-site distance of 1km, 2D antenna pattern, a 0dB long-term antenna imbalance, depending on the user load , for beam forming antenna diversity:

· In a PA3kmph channel

· Gain in average user burst rate ranged from [x%] to [y%]

· Gain in 10 percentile user burst rate ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

· In a VA30kmph channel

· Gain in average user throughput ranged from [x%] to [y%]

· Gain in 10 percentile user throughput ranged from [x%] to [y%]

· Reduction in UE transmit power ranged from [x]dB to [y]dB

5
Conclusions

It is proposed that the TR25.863 be updated based on the text proposals to Chapters 6 and 7 as discussed in this contribution.
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