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1. Introduction

At RAN1#64 meeting and during email discussion, some simulations and discussions were given with regard to antenna switching scheme in large antenna imbalance case [1] - [8]. 
This document presents the simulation results on the evaluation of antenna switching scheme, which is as the pre-coding weights by {1, 0} or {0, 1} on UL CLTD.
2. Simulation Overview Description
2.1. Pre-coded Pilot channels structure

This simulation uses the pre-coded pilot channel structure as Figure 1
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Figure 1: The pre-coded pilot channel structure for UL CLTD 
2.2. Antenna switching structure

As the Figure 2a and 2b, when the antenna switching, the amplitude information {
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} = {1, 0} or {1, 0}.
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Figure 2a: Antenna switching structure for UL CLTD, S-DPCCH on Tx_Ant2. 
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Figure 2b: Antenna switching structure for UL CLTD, S-DPCCH on Tx_Ant1. 
2.3. Antenna Switching Codebook 
The effect of antenna switching including the codebook has been evaluated as follow. The absolute feedback scheme is used for the codebook choices.
· Only 2AS (2 codewords)
· In this scheme, only the weight vectors {1, 0} and {0, 1} that are included in the codebook, are selected by the NodeB and fed back to the UE to select primary antenna based on SIR of the primary and secondary pilots. As Figure 2a, {1, 0} represents: the date and control channels are transmitted on the primary antenna along with the primary pilot; only the secondary pilot is transmitted on the secondary antenna. There is the similar scheme for {0, 1}, as Figure 2b.
· Only 4BF (4 codewords):

· In this scheme, one out of 4 possible phases is selected by the NodeB and fed back to the UE.

· The signal inputs to the two antennas have equal amplitude. There is no amplitude feedback.
· 4BF + 2AS (6 codewords):
· In this scheme, 6 codewords include: 4 BF phases, {1, 0} and {0, 1}.
· The 2 codewords correspond to only AS, and 4 codewords correspond to only BF.
3. Simulation Assumptions 

The link-level simulation assumptions is proposed in [9] for CLTD. Table 1 shows the assumptions that used in the simulations. The antenna imbalance is varying from -10, -6, -3, 0 and 10. The feedback update rate is 1 slots and the feedback delay is 1 slots.
Table 1: Parameter assumptions

	Parameter
	Value

	Physical Channels
	E-DPDCH, E-DPCCH, DPCCH, HS-DPCCH

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020

	Modulation
	QPSK

	Number of physical data channels and spreading factor
	2xSF2

	20*log10(βed/βc) [dB]
	9

	20*log10(βec/βc) [dB]
	2

	20*log10(βhs/βc) [dB]
	2

	Power ratio between Secondary DPCCH and DPCCH (S-DPCCH/DPCCH) [dB]
	0

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	H-ARQ operating point
	1 % Residual BLER after 4 H-ARQ attempts

	Number of Rx Antennas
	2

	Channel Encoder
	3GPP Release 6 Turbo Encoder

	Turbo Decoder
	Log MAP

	Number of iterations for turbo decoder
	8

	DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Secondary DPCCH Slot Format
	1 (8 Pilot, 2 TPC)

	Channel Estimation
	Realistic

	Compensation of phase discontinuity
	channel synthesis

	Inner Loop Power Control
	ON

	Outer Loop Power Control
	ON

	Inner Loop PC Step Size
	±1 dB

	UL TPC Delay (sent on F-DPCH)
	2 slots

	UL TPC Error Rate (sent on F-DPCH)
	Ideal

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	RAKE 

	Antenna imbalance [dB]
	{-10,-6,-3,0,10}

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF

	CLTD Codebook Size
	4 phases and 2 antenna switching codewords

	CLTD Feedback Error Rate
	Ideal

	CLTD Feedback Update Rate
	1

	CLTD Feedback Delay
	1

	CLTD Feedback Scheme
	absolute


4. 
Simulation Results and Observations

In this section, we present link simulation results including antenna switching for UL CLTD beamforming. The Tx or Rx gain are compared with baseline (no transmit diversity). The antenna switching is as the part of pre-coding weights in these simulations. Also statistics on codeword switch frequency are provided. 
4.1. Simulation Results

Figures 3 shows the Tx gain of BF (4 phases), AS (only {1, 0} or {0, 1}) and BF+AS (including 4 phases and {1, 0} or {0, 1}) for the PA3 channel. In each figure, the Tx gain for different antenna imbalances of -10dB, -6dB, -3dB, 0dB and 10dB are compared with the baseline (no transmit diversity). 

Figure 4 shows the same for the VA30 channel.
Table 2 shows the number of antenna weights switches per second for BF+AS scheme. 
Table 3 shows the proportion of AS weights and BF weighs in total feedback PCI weights in BF+AS scheme.
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Figure 3: The Tx gain of the different pre-coding weights (including BF-only, AS-only and AS&BF). The antenna imbalance varying from -10, -6, -3, 0 and 10dB; PA3 channel
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Figure 4: The Tx gain of the different pre-coding weights (including BF-only, AS-only and AS&BF). The antenna imbalance varying from -10, -6, -3, 0 and 10dB; VA30 channel

Table 2: Summary of precoding codewords switch frequency
	
	Number of switches per second 
(between AS weights and BF weights)

	Antenna Imbalance
	-10dB
	-6dB
	-3dB
	0dB
	10dB

	PA3
	239
	223
	196
	186
	344

	VA30
	200
	202
	137
	159
	283


Table 3: Summary of Antenna Switching Weights ratio and Beamforming Weights ratio
	
	AS weights ratio / BF weights ratio

	Antenna Imbalance
	-10dB
	-6dB
	-3dB
	0dB
	10dB

	PA3
	66.18%/33.82%
	40.46%/59.54%
	24.96%/75.04%
	17.12%/82.88%
	59.22%/40.78%

	VA30
	72.53%/27.47%
	40.85%/59.15%
	17.72%/82.28%
	11.03%/88.97%
	60.34%/39.66%


4.2. Observations

The followings can be observed from Figure 3 - Figure 4 and Table 2 – Table 3:

· Generally, the introduction of the antenna switching could reduce the performance loss when the antennas are in large imbalance, compared to BF-only. When the antenna imbalance is -10dB, the Tx gain of the AS+BF is about -1.3dB, the Tx gain of the AS is about -0.33dB, the Tx gain of the BF is is -2.1dB for the VA30 channel.
· Furthermore, when the two antennas are not in such large imbalance, the AS + BF 
may cause performance loss in the pre-coding pilot channels structure as Figure 1. The reason of the performance loss of AS+BF is that the precision of H, which is generated from the channel estimation, is inconsistent due to frequent switching between BF and AS. These results indicate that frequent switching brings negative impact, if antenna switching is as the part of the codebook. Moreover, since the extreme antenna imbalance may exist for a relatively long time, but not rapid changes, it is not seeing very strong benefits to introduce dynamic AS codewords into codebook.
· Table 2 and Table 3 show the frequent antenna switching is one of the reasons lead to performance degradation, when the antenna is not large imbalanced. Also, we can see that introduction of AS could bring benefits when the antennas are large imbalanced. 
5. Conclusions

In this contribution, the simulation results and observation on the antenna switching as a part of codebook are provided. The simulation results showed the AS may be beneficial when the antennas are in large imbalance. At the same time, the dynamic switching from BF and AS (AS+BF) may lose some performance gain when the antennas are not in very large imbalance. In [3], it was discussed the HS-SCCH orders may be one potential scheme for dynamic switching, if it needs to introduce antenna switching. In summary, we have following proposals: 
Proposal 1: The antenna switching is not included as a part of codebook.
Proposal 2: The dynamical switch scheme between BF and AS is FFS.
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