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1. Introduction
This contribution is a TP to TR25.863 based on [1] and [2], in which the system performance with mixed users were evaluated to evaluate the implications to non-TXD users. 
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Text Proposal
-------------------------------------------- Start of altered section  ------------------------------------------
7.1.3 Implications to legacy users in partial SATD user penetration
In this section studies for SATD performance with 25 % and 75 % SATD penetration levels. Tx diversity capability is randomized according to uniform distribution leading to diverse system with varying amount of non-Tx (“legacy”) and Tx diversity (“SATD”) users per cell.

7.1.3.1  Antenna switching schemes and simulation assumptions
In this contribution five different UL Tx diversity antenna switching algorithms (for the 50% TX diversity UEs) are simulated against single Tx antenna performance (for all UEs). The studied algorithms are described shortly below: 
TX0:  Baseline
· No Tx diversity
TX1: Genie 
· Every radio frame (10ms), the reference UE transmitter makes a decision on switching antennas according to following:

· Transmit Antenna j (j = 0, 1) is selected if 
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 in the previous frame is the maximum.
TX2: 

· Every radio frame (10 ms), UE checks the sum of TPC commands and if the sum is higher than 0 then the switch is made. 
· A forced switch is made every 14 frames if the sum of TPC commands does not trigger the switch earlier.
TX4: 

· UE checks periodically every radio frame (10 ms) the last known performance indicator of each antenna and switches to the antenna indicating the best antenna. 
· A forced switch is made every 14 frames if performance indicator levels do not trigger the switch.
In this contribution it is assumed that after an antenna switch UE uses the power level of new antenna which it had last time it was in use (pwr old).

Simulation assumptions are listed in the table below. All non TX diversity UEs use single antenna all of the time. 
	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B with wrap-around

	Inter-site distance [m]
	2800, 1000

	Penetration Loss [dB]
	10

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
	Case 1 (3GPP ant):                                                     
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                                                                              = 70 degrees,   Am = 20 dB

                                                              

	Channel Model
	[PedA 3 kmph, VehA 30 kmph]

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	0

	
	NACK [dB]
	0

	
	CQI [dB]
	0

	
	Pr[ACK]/Pr[NACK]
	0.5/0.5

	Soft Handover Parameters
	R1a  = 4 dB

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Full buffer

	UE distribution 
	Uniform over the area

	Number of UEs per sector (i.e. cell in this contribution)
	1, 2, 4, 10 (Best effort data)

	NodeB Receiver
	LMMSE / Rake (2 antennas per cell)

	RoT target [dB]
	6

	Channel Estimation
	Realistic

	Uplink HARQ
	2ms TTI, Max # of transmission =4, Target Initial BLER = 10%

	Closed Loop Power Control Delay
	2 slots

	UL TPC Error Rate [%] 
	4

	Long term antenna imbalance [dB]
	0 dB

	Short-term antenna imbalance [dB]
	[2.25 standard deviation]

	UE Tx Antenna Correlation
	0

	E-DCH Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	Proportional Fair

	Power headroom filtering [ms]
	100


7.1.3.2  Simulation results and analysis

Firstly we look at the cell throughput as whole. This is show in figures 1 to  8 for different TXD schemes, ISDs and penetrations. Results for the cell throughput so similar trends as earlier results, benefits to the total cell throughput being smaller for smaller UL TXD penetration. With 25% penetration, there can also be seen some scenarios where there is loss compared to the baseline. As the penetration is increased to 75%, there are slight gains with more practical algorithms, but gains are not constant or non existent.
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Figure 1 PA3, 1000m ISD, penetration 25%
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Figure 2 VA30, 1000m ISD, penetration 25%
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Figure 3 PA3, 1000m ISD, penetration 75%
	[image: image5.png]Cell througput [kbps]]

1600

1400

1200

1000

800

600

400

200

Cell throughput, VA30

I bascline

[T TX1, penetration 75%
1 TX2, penetration 75%

I TX4, penetration 75%

1 UEs per cell 2 UEs per cell

4 UEs per cell

10 UEs per cell



Figure 4 VA30, 1000m ISD, penetration 75%
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Figure 5 PA3, 2800m ISD, penetration 25%
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Figure 6 VA30, 2800m ISD, penetration 25%
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Figure 7 PA3, 2800m ISD, penetration 75%
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Figure 8 VA30, 2800m ISD, penetration 75%


In order to better understand the effect of SATD terminals to service quality attained by non TX-diversity terminals, average user throughput and mean user throughput for worst 10% users was evaluated both UE groups. 

Figures 9 to 16 give the average user throughput results in different scenarios and penetrations. 

Regarding mean user throughput, with TX-diversity UE penetration of 25 % and 1 km cell size there are only minor gains or losses for both non-TX diversity and TX diversity users as cell throughput figures already indicated. When the penetration is increased to 75 %, in PA3 channel both legacy and SATD users start to benefit from lower interference caused by other SATD users.

In 2.8 km cell with both penetration levels in PA3 TX diversity users get some benefit from the diversity resulting higher throughput than the baseline. However, non TX-diversity UEs get lower throughput that the baseline. As the ISD is larger, bigger portion of the terminals will be transmitting at maximum power and at low loads the target RoT is not reached. With used assumption the terminals having UL TX-diversity benefit from somewhat lower transmission power resulting that higher RoT levels can be reached with the larger ISDs. This in turn means that non TX-diversity terminals get lower throughput due to reduced SINR. 
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Figure 9 PA3, 1000m ISD, penetration 25%
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Figure 10 VA30, 1000m ISD, penetration 25%
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Figure 11 PA3, 1000m ISD, penetration 75%
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Figure 12 VA30, 1000m ISD, penetration 75%
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Figure 13 PA3, 2800m ISD, penetration 25%
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Figure 14 VA30, 2800m ISD, penetration 25%
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Figure 15 PA3, 2800m ISD, penetration 75 %
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Figure 16 VA30, 2800m ISD, penetration 75 %


Figures 17 to 24 give the mean throughputs for the lowest 10 percent of all user throughputs. With 1000ms ISD there are some gains at low loads, but those diminish as load is increased, even with some losses seen for the 25% case compared to the baseline. As the penetration is increased, some gains can be seen at low number of users per cell. With increased ISD of 2800m, there are some gains seen and also losses, especially for the non TX-diversity terminals. 
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Figure 17 PA3, 1000m ISD, penetration 25%
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Figure 18 VA30, 1000m ISD, penetration 25%
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Figure 19 PA3, 1000m ISD, penetration 75%
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Figure 20 VA30, 1000m ISD, penetration 75%
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Figure 21 PA3, 2800m ISD, penetration 25%
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Figure 22 VA30, 2800m ISD, penetration 25%
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Figure 23 PA3, 2800m ISD, penetration 75%
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Figure 24 VA30, 2800m ISD, penetration 75%


Figures 25 to 32 show the average TX power in difference scenarios and with different penetrations. Some differences can be seen, especially at the low ISD and low loads, but with higher ISD and number of users with non-ideal algorithms the power gains are small. Notably, as indicated by the throughout results, non TX-diversity users can be seen having practically equal or sometimes higher average transmit power than the baseline with high ISD and 25% penetration 
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Figure 25 PA3, 1000m ISD, penetration 25%
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Figure 26 VA30, 1000m ISD, penetration 25%
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Figure 27 PA3, 1000m ISD, penetration 75%
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Figure 28 VA30, 1000m ISD, penetration 75%
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Figure 29 PA3, 2800m ISD, penetration 25%
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Figure 30 VA30, 2800m ISD, penetration 25%
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Figure 31 PA3, 2800m ISD, penetration 75%
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Figure 32 VA30, 2800m ISD, penetration 75%


The results show that with different penetration levels there are achievable throughput and Tx-power gains from SATD but at the same time some configurations can compromise the especially non-TX diversity UE performance when compared to baseline case. 

Moreover, as this contribution assumes that all TX diversity UEs use the same algorithm the results can be considered to be somewhat ideal. In real systems the behavior with TX diversity is likely to be more complex as varying quality of algorithms can exist in the system along with devices not capable of Tx diversity. Thus, making the performance of Tx diversity even harder to predict.

It should also be noted that these simulations do not take into account several non-idealities, such as:

· Error in SINR estimation

· Filtering of interference and SINR estimates

· Any differences in RAKE finger positions between antennas

· Antenna correlation is zero

Thus these simulations clearly represent an upper bound on the performance that might be obtained in a real world environment.
-------------------------------------------- End of altered section  ------------------------------------------
-------------------------------------------- Start of altered section  ------------------------------------------
7.2.3 Implications to legacy users in partial SATD user penetration

This paper presents further analysis for UL beamforming with 25% and 75% penetrations. Tx diversity capability is randomized according to uniform distribution leading to diverse system with varying amount of non-Tx and Tx diversity users per cell. Two beamforming algorithms are considered; Genie and a practical algorithm as follows:

Genie

•
Every time slot (0.667 ms) k, the UE transmitter applies a weight vector 
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 in the previous slot is maximized.

•
Both antennas are equal and always have equal signal power input.

•
Long term and short term antenna imbalances are not modelled.
· In soft handover, the weight vector corresponding to the Node B with the lowest instantaneous pathloss is applied
Practical

· Let TPC command DOWN be represented by -1 and TPC command UP by +1. 

1. Initial relative phase between two transmitters 
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for the first slot (#1 slot). 
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is kept zero until two TPC commands become available to the UE.

2. Apply relative phase for the next slot 
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3. Determine new relative phase:(TPC1 and TPC2 correspond to slot (1,2),(3,4), .., (i*2-1, i*2), where i=1 to n)

a. if TPC1>TPC2, 
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b. if TPC2>TPC1, 
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c. otherwise, no change

4. Apply relative phase for the next slot  
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· In soft handover, the weight vector is set according to TPC commands from the last Node B that sent “down-down” commands over 2 slots whilst other links sent “up-up”

Simulation assumptions are listed in table below.
	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B with wrap-around

	Inter-site distance [m]
	1000, 2800

	Penetration Loss [dB]
	10

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
	Case 1 (3GPP ant):                                                     
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	Channel Model
	[PedA 3 kmph, VehA 30 kmph]

	Maximum UE EIRP
	23 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	0

	
	NACK [dB]
	0

	
	CQI [dB]
	0

	
	Pr[ACK]/Pr[NACK]
	0.5/0.5

	Soft Handover Parameters
	R1a  = 4 dB

	Thermal noise density
	-174 dBm/Hz

	Traffic model
	Full buffer

	UE distribution 
	Uniform over the area

	Mean number of UEs per sector 
	1, 2, 4, 10 (Best effort data)

	NodeB Receiver
	Rake (2 antennas per cell)

	RoT target [dB]
	6

	Channel Estimation
	Realistic

	Uplink HARQ
	2ms TTI, Max # of transmission =4, Target Initial BLER = 1%

	Closed Loop Power Control Delay
	2 slots

	UL TPC Error Rate [%] 
	4

	Long term antenna imbalance [dB]
	0 dB

	Short-term antenna imbalance [dB]
	0 dB

	UE Tx Antenna Correlation
	0

	E-DCH Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	Proportional Fair

	Power headroom filtering [ms]
	100


7.2.3.1 Beamforming performance with 25% and 75% penetration of beamforming UEs
In practice, it is unlikely that the population of beamforming capable UEs in a network will be 100%, neither at the short or long term. Thus it is instructive to examine the system performance with <100% penetration, and in this section we investigate performance where the penetration level is 25%. The performance of both beamforming capable UEs and non beamforming capable UEs is examined.   

As in case of partial penetration the interesting aspect is to understand the benefit for each user group we look at the user throughputs.

The two figures below show the mean user throughput separated to TXDIV and NON-TXDIV users with 25% penetration. As it can be seen from those figures TX diversity users show the gain over the baseline as could have been expected based on earlier results. However, for Non TX diversity user’s loss is seen in the mean user throughput, especially at the lower cell loads.
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Figure 1 Mean user throughput in a 1 km cell with 25% penetration for PA3 (a), VA30 (b) split into beamforming and non beamforming user throughputs. “TXDIV” indicates the performance of TX diversity capable UEs, “NON-TXDIV” indicates the performance of single TX antenna UEs.
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Figure 2 Mean user throughput in a 2.8 km cell with 25% penetration for PA3 (a), VA30 (b) split into beamforming and non beamforming user throughputs. “TXDIV” indicates the performance of TX diversity capable UEs, “NON-TXDIV” indicates the performance of single TX antenna UEs.
As the mean user throughput showed some detrimental effects to non-TXD users performance, the average throughputs for the lowest 10 percent of all throughputs were observed. Averaging over the all 10%-ile throughputs were done due to low number of in this range samples especially at low user amounts.
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Figure 3 10th percentile user throughput in a 1 km cell with 25% penetration for PA3 (a), VA30 (b) split into beamforming and non beamforming user throughputs. “TXDIV” indicates the performance of TX diversity capable UEs, “NON-TXDIV” indicates the performance of single TX antenna UEs.
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(b)


Figure 4 10th percentile user throughput in a 2.8 km cell with 25% penetration for PA3 (a), VA30 (b) split into beamforming and non beamforming user throughputs. “TXDIV” indicates the performance of TX diversity capable UEs, “NON-TXDIV” indicates the performance of single TX antenna UEs.
When the 10th percentile average user throughputs for simulated scenarios are evaluated different observations can be made.  UL TXD users are getting improvement to the lower tail user throughput as could be expected based on the mean throughputs. However when non TX diversity UEs are considered, the conclusion is different. For the 1 km ISD  some positive impact is seen for the legacy users with 1 UE per cell. However for higher user loads, there is seen possibility of loss in worst user’s throughput depending on the load. In the 2.8 km cell,  the losses for non TX diversity UEs are also noticeable, with losses up to 25% across both channel types and especially with low cell load levels. Hence, while providing benefits to the UL TXD users, legacy terminals are experiencing degradation in user experience. 

7.2.3.2 Beamforming performance with 75% penetration of beamforming UEs
To have more complete analysis, in this section we investigate performance where the penetration level is 75%. The performance of both beamforming capable UEs and non beamforming capable UEs is examined. As in previous section the user throughputs are evaluated. 
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Figure 5 Mean user throughput in a 1 km cell with 75% penetration for PA3 (a), VA30 (b) split into beamforming and non beamforming user throughputs. “TXDIV” indicates the performance of TX diversity capable UEs, “NON-TXDIV” indicates the performance of single TX antenna UEs.
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Figure 6 Mean user throughput in a 2.8 km cell with 75% penetration for PA3 (a), VA30 (b) split into beamforming and non beamforming user throughputs. “TXDIV” indicates the performance of TX diversity capable UEs, “NON-TXDIV” indicates the performance of single TX antenna UEs.
With 75% penetration, the TX diversity users achieve gains over the baseline in terms of mean user throughput. However, similarly to 25% penetration results, Non TX diversity users do not gain but can result into more noticeable losses.

Following figures 9  to 12 give the average throughputs for the lowest 10 percent of all throughputs. The 10th percentile user throughput for the 1km cell shows the possibility of loss in throughput for non TX diversity UEs and gains for TX diversity UEs. In the 2.8km cell, TX diversity gains are strong however the losses for non TX diversity UEs are also strong, with losses up to 40% across both channel types and all load levels.
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Figure 7 10th percentile user throughput in a 1km cell with 75% penetration for PA3 (a), VA30 (b) split into beamforming and non beamforming user throughputs. “TXDIV” indicates the performance of TX diversity capable UEs, “NON-TXDIV” indicates the performance of single TX antenna UEs.
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Figure 8 10th percentile user throughput in a 2.8km cell with 75% penetration for PA3 (a), VA30 (b) split into beamforming and non beamforming user throughputs. “TXDIV” indicates the performance of TX diversity capable UEs, “NON-TXDIV” indicates the performance of single TX antenna UEs.
In this contribution we have continued the evaluation of performance benefits of beam forming accounting partial penetrations. As the penetration of UL TX-diversity UEs won’t be 100% it would seem relevant to understand the impact of introducing such terminals to the non TX-diversity (and legacy ) UE’s performance. 

Based on the simulation results presented it can be seen that there is some risk that the performance of the non TX-diversity UE’s is compromised. It is not clear if this loss can be compensated by adjusting system parameters and whether that implications that has to the over all system performance. The system behavior with TX diversity is complex and even with the penetration level simulations, it is assumed that all TX diversity UEs exhibits the same behavior because they use the same algorithm. If a variety of different types of beamforming and/or SATD algorithms were to be present in a system, it is possible that the gain/losses in throughput experienced by different types of users would be complex to predict and dependent on UE mix, load level and channel type. 

Thus, although it can be demonstrated that beamforming can show gains in a homogenous system for some load levels and channel types, it cannot so easily be concluded that the gain is universally applicable in a real deployment, nor that the introduction of beamforming would not harm legacy user performance due to the interaction between interference and power control in the uplink. Naturally these algorithms in real deployments are release and vendor specific in different networks 

In practice, the gains/losses from beamforming are likely to be difficult to predict, however in general legacy and non TX diversity terminals seem likely to lose out.

It should also be noted that a number of simplifications are present in these simulations. In particular, for example:

· SINR estimation error in generating TPC commands is not modeled

· It is assumed that the UE has ideal knowledge of the TPC delay of the Node B, which would not be possible in practice; incorrect knowledge of the delay by the UE would severely compromise beamforming algorithm performance, what was presented in [3].

· It is assumed that there is no filtering of SIR estimates for TPC generation at the basestation

· Antenna correlation is zero
-------------------------------------------- End of altered section  ------------------------------------------
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