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1 General

At RAN1#58bis, RAN1#59 and RAN1#59bis, several UL Tx diversity schemes have been considered, [1], [2], [3], [4] [5]. Link simulations have indicated at most 3 dB gain over single Tx antenna when genie Switched Antenna Transmit Diversity (SATD) is assumed. Initial system level results have also shown that there are possible system level gains from SATD with genie aided algorithms. In this contribution, system performance of switched antenna transmit diversity is shown for both genie and practical algorithms and compared with the single Tx antenna performance.
This document is an update to R1-101525, including tabulated results for baseline, TX1 keep  (Genie) and TX2 keep (practical) algorithms in the format useful for inclusion to the TR25.863 in Annex C.

2 Antenna switching schemes and simulation assumptions
In this contribution five different UL Tx diversity antenna switching algorithms are simulated against single Tx antenna performance. The studied algorithms are described shortly below: 
TX0:  Baseline
No Tx diversity
TX1: Genie [2]
· 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: TPC1 [3]
· 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 4 frames if the sum of TPC commands does not trigger the switch earlier.
TX3: TPC2 
· UE switches Tx antennas periodically every radio frame (10 ms) and then monitors following PC command. If following command is DOWN switched antenna is kept in use, otherwise previous antenna is switched back into use. 
TX4: Nokia / NSN
· 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 4 frames if performance indicator levels do not trigger the switch.
TX5: Periodical
· UE switches antennas periodically every radio frame (10 ms).
Moreover, in this contribution the impact of the used power level after the antenna switch is studied. Namely this contribution aims to answer whether it is more beneficial to use power level of the antenna that was switched away (pwr keep) or to switch using the power level of new antenna which it had last time it was in use (pwr old).
Simulation assumptions are listed in the Appendix at the end of this contribution. From the assumptions it should be noted that in these simulations no correlation between antennas is assumed and the users are evenly distributed in these simulations (i.e. 1 user/cell implies exactly 1 user in each cell).
3 Analysis
Simulation results are collected in Appendix A for different antenna switching schemes and base line single antenna transmission with different cell loads, namely 1, 2, 4 and 10 (evenly distributed) UEs per cell, SATD penetration levels, channel models and short term antenna imbalances. 
Genie algorithm (TX1) in Pedestrian A (PedA) 3 kmph channel and with low can provide roughly 15 % gain in terms of throughput when compared over baseline performance; this rises to ~25% at the high load level of 10 UEs/cell. When Vehicular A (VehA) 30 kmph channel is considered the achievable gains from SATD with Genie reduce significantly. 
Practical algoritms, namely TX2, 3 and 5, do not offer gain but even losses over baseline with both PedA3 and VehA30 channels. SATD algorithm TX4, however, is somewhat more promising by achieving gain over the baseline in PedA channel, specifically with “pwr old” power scheme in use. However, in VehA30 channel TX4 also shows loss.

In general SATD penetration level reduces to some extent the achievable gains in favourable environments, and also, as expected reduces the losses in more challenging channel environments.  Short term antenna imbalances showed only minor impact for the most stable SATD algorithms.
Figure 9 through Figure 12 show the number of antenna switches per second. The number of switches with Genie aided algorithm increases significantly in VehA30 channel as it is more difficult to keep up with faster changing channel. Similar phenomenon was not observed for practical algorithms.
Regarding average and 90%-ile RoT level, shown in Figure 13 through Figure 16, the (stable) antenna switching schemes do not have significant impact but levels are fairly similar to baseline; this is to be expected since the UEs are evenly distributed, traffic is Full Buffer and the Node B schedulers are able to maintain RoT around the target level.
User goodputs with different cell loads are shown in Figure 17 through Figure 32 with and without antenna imbalance and with 100% and 50% UE penetration. Those figures confirm the trend that Genie algorithm can provide performance enhancement over baseline case. Moreover, the TX4 algorithm using the old DPCCH level when switching antennas yields the best performance increase of the practical schemes in PedA3 environment but still provides at best comparable performance to the baseline. In VehA30 environment loss is experienced in all cases studied.
UE transmit powers are illustrated in Figure 33 through Figure 40. As those figures show there is a noticeable Tx power gain from genie algorithm antenna switching in PedA3. The gains diminish or vanish for practical schemes and small loss is observed in VehA30 even for the best of the practical algorithms.
Finally, in Figure 41 throught Figure 48 user throughpiuts are shown against cell throughputs for 1, 2, 4 and 10 UEs per cell with different channel models, UE penetrations and antenna imbalances. The trend is quite similar as in other analysis, the Genie algorithms outperform reference in PedA3 and the TX4 algorithm can provide small gain over reference with pwr old. In VehA30 environment even the best of practical algorithms provide loss and only the genie algorithm with pwr keep slightly outperforms the reference.
4 Conclusions

In this contribution, system level simulation results of switched antenna diversity schemes were shown for PedA and VehA channels with different SATD penetration levels, antenna imbalances and cell loads. From the simulation results, we can draw following conclusions:
1. The Genie (TX1) algorithm scheme can provide some gains with all cell loading points. The gains in VehA30 are, however, significantly lower than those in PedA3
2. Practical algorithms can cause loss of performance even in PedA3 channel, but a well designed algorithm can provide slight gain depending on system loading. VehA30 channel is more difficult environment and even a well designed algorithm causes loss.
3. 50% SATD penetration level mitigates the impact (gain or loss) of SATD when comparing to 100% SATD penetration level.
4. Short term antenna imbalances showed only minor impact for the most stable SATD algorithms.
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Appendix A: Simulation Results 
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Figure 1 Cell Throughput, PedA 3 kmph, SATD penetration 100 %, short term imbalance 0 dB
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Figure 2 Cell Throughput, VehA 30 kmph, SATD penetration 100 %, short term imbalance 0 dB
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Figure 3 Cell Throughput, PedA 3 kmph, SATD penetration 50 %, short term imbalance 0 dB
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Figure 4 Cell Throughput, VehA 30 kmph, SATD penetration 50 %, short term imbalance 0 dB
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Figure 5 Cell Throughput, PedA 3 kmph, SATD penetration 100 %, short term imbalance 2.25 dB STD
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Figure 6 Cell Throughput, VehA 30 kmph, SATD penetration 100 %, short term imbalance 2.25 dB STD
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Figure 7 Cell Throughput, PedA 3 kmph, SATD penetration 50 %, short term imbalance 2.25 dB STD
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Figure 8 Cell Throughput, VehA 30 kmph, SATD penetration 50 %, short term imbalance 2.25 dB STD


	[image: image10.png]Antenna switches, PA3, imbalance 0, penetration 100, eval.10 ms, forced 40 ms

180

160

140

—
o
o

Switches [#]
(o) Qo 8
o o o

N
o

20

1 UEs

2 UEs

4 UEs

10 UEs

B basceline
B TX1, pwr keep
B TX1, pwr old
I TX2, pwr keep
[ 1TX2, pwr old
[ ]TXS3, pwr keep
[ 1TXS3, pwrold
[ 1TX4, pwr keep
B TX4, pwr old
B TX5, pwr keep
B 75, pwr old





Figure 9 Antenna switches per second, PedA 3 kmph, SATD penetration 100 %, short term imbalance 0 dB
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Figure 10 Antenna switches per second, VehA 30 kmph, SATD penetration 100 %, short term imbalance 0 dB
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Figure 11 Antenna switches per second, PedA 3 kmph, SATD penetration 100 %, short term imbalance 2.25 dB STD
	[image: image13.png]>nna switches, VA30, imbalance 2.250000e+00, penetration 100, eval.10 ms, forced 40 ms

Switches [#]

160

140

120

100

80

60

40

20

1 UEs

2 UEs

4 UEs

10 UEs

B basceline
B TX1, pwr keep
B TX1, pwr old
I TX2, pwr keep
[ 1TX2, pwr old
[ ]TXS3, pwr keep
[ 1TXS3, pwrold
[ 1TX4, pwr keep
B TX4, pwr old
B TX5, pwr keep
B 75, pwr old





Figure 12 Antenna switches per second, VehA 30 kmph, SATD penetration 100 %, short term imbalance 2.25 dB STD
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Figure 13 RoT, mean, PedA 3 kmph, SATD penetration 100 %, short term imbalance 2.25 dB STD
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Figure 14 RoT, mean, VehA 30 kmph, SATD penetration 100 %, short term imbalance 2.25 dB STD
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Figure 15 RoT, 90%-ile, PedA 3 kmph, SATD penetration 100 %, short term imbalance 2.25 dB STD
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Figure 16 RoT, 90%-ile, VehA 30 kmph, SATD penetration 100 %, short term imbalance 2.25 dB STD
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Figure 17 User tput, 1 UE/cell, PedA 3 kmph, SATD penetration 100 %, short term imbalance 0 dB
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Figure 18 User tput, 1 UE/cell, VehA 30 kmph, SATD penetration 100 %, short term imbalance 0 dB
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Figure 19 User tput, 1 UE/cell, PedA 3 kmph, SATD penetration 50 %, short term imbalance 0 dB
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Figure 20 User tput, 1 UE/cell, VehA 30 kmph, SATD penetration 50 %, short term imbalance 0 dB
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Figure 21 User tput, 10 UE/cell, PedA 3 kmph, SATD penetration 100 %, short term imbalance 0 dB
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Figure 22 User tput, 10 UE/cell, VehA 30 kmph, SATD penetration 100 %, short term imbalance 0 dB
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Figure 23 User tput, 10 UE/cell, PedA 3 kmph, SATD penetration 50 %, short term imbalance 0 dB STD
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Figure 24 User tput, 10 UE/cell, VehA 30 kmph, SATD penetration 50 %, short term imbalance 0 dB
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Figure 25 User tput, 1 UE/cell, PedA 3 kmph, SATD penetration 100 %, short term imbalance 2.25 dB STD
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Figure 26 User tput, 1 UE/cell, VehA 30 kmph, SATD penetration 100 %, short term imbalance 2.25 dB STD
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Figure 27 User tput, 1 UE/cell, PedA 3 kmph, SATD penetration 50 %, short term imbalance 2.25 dB STD
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Figure 28 User tput, 1 UE/cell, VehA 30 kmph, SATD penetration 50 %, short term imbalance 2.25 dB STD
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Figure 29 User tput, 10 UE/cell, PedA 3 kmph, SATD penetration 100 %, short term imbalance 2.25 dB STD
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Figure 30 User tput, 10 UE/cell, VehA 30 kmph, SATD penetration 100 %, short term imbalance 2.25 dB STD
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Figure 31 User tput, 10 UE/cell, PedA 3 kmph, SATD penetration 50 %, short term imbalance 2.25 dB STD
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Figure 32 User tput, 10 UE/cell, VehA 30 kmph, SATD penetration 50 %, short term imbalance 2.25 dB STD
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Figure 33 DPCCH Tx power, 1 UE/cell, PedA 3 kmph, SATD penetration 100 %, short term imbalance 2.25 dB STD
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Figure 34 DPCCH Tx power, 1 UE/cell, VehA 30 kmph, SATD penetration 100 %, short term imbalance 2.25 dB STD


	[image: image36.png]DPCCH Tx power, PA3, 1 UEs/cell, imbalance 2.250000e+00, penetration 50, eval. 10 ms, forced 40 ms
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Figure 35 DPCCH Tx power, 1 UE/cell, PedA 3 kmph, SATD penetration 50 %, short term imbalance 2.25 dB STD
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Figure 36 DPCCH Tx power, 1 UE/cell, VehA 30 kmph, SATD penetration 50 %, short term imbalance 2.25 dB STD
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Figure 37 DPCCH Tx power, 10 UE/cell, PedA 3 kmph, SATD penetration 100 %, short term imbalance 2.25 dB STD
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Figure 38 DPCCH Tx power, 10 UE/cell, VehA 30 kmph, SATD penetration 100 %, short term imbalance 2.25 dB STD
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Figure 39 DPCCH Tx power, 10 UE/cell, PedA 3 kmph, SATD penetration 50 %, short term imbalance 2.25 dB STD
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Figure 40 DPCCH Tx power, 10 UE/cell, VehA 30 kmph, SATD penetration 50 %, short term imbalance 2.25 dB STD
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Figure 41 Cell throughput vs user throughput, PedA 3 kmph, SATD penetration 100 %, short term imbalance 0 dB
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Figure 42 Cell throughput vs user throughput, VehA 30 kmph, SATD penetration 100 %, short term imbalance 0 dB
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Figure 43 Cell throughput vs user throughput, PedA 3 kmph, SATD penetration 50 %, short term imbalance 0 dB
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Figure 44 Cell throughput vs user throughput, VehA 30 kmph, SATD penetration 50 %, short term imbalance 0 dB
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Figure 45 Cell throughput vs user throughput, PedA 3 kmph, SATD penetration 100 %, short term imbalance 2.25 dB STD
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Figure 46 Cell throughput vs user throughput, VehA 30 kmph, SATD penetration 100 %, short term imbalance 2.25 dB STD
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Figure 47 Cell throughput vs user throughput, PedA 3 kmph, SATD penetration 50 %, short term imbalance 2.25 dB STD
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Figure 48 Cell throughput vs user throughput, VehA 30 kmph, SATD penetration 50 %, short term imbalance 2.25 dB STD


Appendix B: System-level simulation parameters 
	Parameters
	Values and comments

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

	Inter-site distance [m]
	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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	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]
	[Off; 0 mean, 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


Appendix C: Results for inclusion to TR25.863 
Table 1: Average data rates, 10th percentile user data rates and average transmit power for the studied user densities in a PA3 channel.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	
	Baseline
	
	
	1840.50
	720.87
	281.80
	60.36
	

	
	Genie
	
	
	2153.30
	836.60
	336.54
	75.75
	

	
	Practical
	
	
	1804.10
	691.82
	273.95
	57.47
	

	
	Gain-%
	
	
	-2%
	-4%
	-3%
	-5%
	

	10th percentile user data rates

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	
	Baseline
	
	
	710.67
	366.17
	168.38
	34.76
	

	
	Genie
	
	
	994.67
	512.10
	222.55
	48.82
	

	
	Practical
	
	
	736.80
	368.82
	165.41
	34.46
	

	
	Gain-%
	
	
	4%
	1%
	-2%
	-1%
	

	Average DPCCH (and total) transmit power 

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	
	Baseline
	
	
	-12.20
(4.54)
	-10.77
(1.16)
	-10.62 
(-1.80)
	-10.90
(-4.28)
	

	
	Genie
	
	
	-14.07
(3.95)
	-12.55
(0.07)
	-11.57
(-2.36)
	-11.97
(-5.19)
	

	
	Practical
	
	
	-12.46
(4.24)
	-11.08
(0.68)
	-10.30
(-1.57)
	-11.03
(-4.46)
	

	
	Gain-%
	
	
	6%
	7%
	-8%
	3%
	


Table 2: Average data rates, 10th percentile user data rates and average transmit power for the studied user densities in a VA30 channel.

	Average data rates

	Reference
	Algorithms
	Average number of users per cell
	Comments

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	
	Baseline
	
	
	1287.05
	595.73
	253.68
	46.88
	

	
	Genie
	
	
	1317.11
	612.58
	266.47
	49.95
	

	
	Practical
	
	
	1237.31
	573.72
	248.25
	44.32
	

	
	Gain-%
	
	
	-4%
	-4%
	-2%
	-5%
	

	10th percentile user data rates

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	
	Baseline
	
	
	503.78
	303.05
	153.28
	21.78
	

	
	Genie
	
	
	546.75
	340.36
	169.33
	25.94
	

	
	Practical
	
	
	466.17
	294.92
	148.75
	21.12
	

	
	Gain-%
	
	
	-7%
	-3%
	-3%
	-3%
	

	Average DPCCH (and total) transmit power

	
	
	0.25
	0.5
	1
	2
	4
	10
	

	
	Baseline
	
	
	-10.75
(4.26)
	-10.13
(1.06)
	-10.05
(-1.75)
	-10.31
(-4.34)
	

	
	Genie
	
	
	-11.21
(4.00)
	-10.44
(0.87)
	-10.96
(-2.54)
	-10.42
(-4.42)
	

	
	Practical
	
	
	10.49
(4.28)
	-9.77
(1.25)
	-10.34
(-2.08)
	-9.89
(-3.96)
	

	
	Gain-%
	
	
	-6%
	-9%
	6%
	-10%
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