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1 Introduction
One open issue related to CLTD is the pre-coding vector codebook design. In particular, at RAN1#64 it was agreed that additional considerations on codebook design should be made available before RAN1#65. In this paper we provide some additional results with respect to:

· The codebook size.

· The need to support antenna switching.

The evaluation focuses on a scenario where the UE is connected to one Node-B, which controls the pre-coding vector generation. I.e. the case of soft handover is not considered. We moreover confine the analysis to scenarios where the UE transmit antennas are characterized by an antenna imbalance. The performance for balanced antennas is discussed in [15].

2 Link level results
In this section we present some simulation results focusing on whether it is necessary to include antenna switching code words in the pre-coding codebook. The used simulation parameters are presented in 
Table 2
. We highlight that the following have been assumed:
· For demodulation purposes a filter length of 3 slots was assumed for all radio channels.

· For sounding purposes a filter length of 1 slot was assumed for all radio channels. 

· The pre-coding vector generation at the Node-B was based on a non-precoded channel estimate (i.e. the pre-coding were undone).
· The pre-coding vector was assumed to be updated once per sub-frame.

· The pre-coding vector feedback delay was assumed to be 3 slots. 
· No feedback errors on the downlink were assumed.
· The evaluations are limited to the PA channel.
2.1 Codebook size

The following codebooks are evaluated:
· 4 phases: A 4-entry codebook where the amplitude is identical for both antenna weights but where the relative phase difference varies between different code words.

· 2 phases + 2 AS: A 4-entry codebook where the amplitude is the same for both antenna weights for two of the code words (and where the relative phase difference varies) and the other two code words describe the antenna switching (i.e. [1 0] or [0 1]).
· 8 phases: An 8-entry codebook where the amplitude is the same for both antenna weights but where the relative phase difference varies between different code words.
· 6 phases + 2 AS: An 8-entry codebook where the amplitude is the same for both antenna weights for six of the code words (and where the relative phase difference varies) and where the other two code words describe the antenna switching.

· SVD-based codebook: An SVD-based codebook where the pre-coding vector generation is based on a SVD of the channel matrix. The pre-coding vector is chosen as the singular vector associated with the maximum singular value.
 Note that we for this algorithm assumed perfect knowledge of the channel and a zero delay PCI feedback delay.
For the first four algorithms the pre-coding vector w=[w1 w2]T is chosen as the vector that maximizes the received SNR. Note also that (except for the antenna switching code words) we assume that the input power to the two transmit antennas is identical, i.e. |w1|=|w2|.
3 Performance evaluation for the case of antenna imbalance

In [15] we focused on the case of balanced antennas. In practice, however, there will exist an antenna imbalance between the two transmit antenna. This antenna imbalance will partly be due to the antennas (placements, production, antenna types, etc.) and partly be due to the body shadowing effect; in particular due the hand and head. This section reviews what antenna imbalance that one could expect in a practical scenario and evaluates the corresponding codebook performance.

3.1 Antenna imbalances of UEs with multiple Tx antennas
One of the effects that need to be considered when designing the pre-coding vector codebook is the impact from the antenna imbalance. To a certain degree the typical antenna imbalance associated with UEs equipped with multiple transmit antennas was evaluated during the open loop study item [10]. During the study item a log-normal random variable was used to characterize the difference in far-field antenna pattern for ULTD devices. The mean of the log-normal random variable was referred to as the long-term antenna imbalance whereas the standard deviation was referred to as the short-term antenna imbalance. Based on measurements performed in anechoic chambers the antenna patterns of several devices were characterized. This enabled us to characterize the long-term and short antenna imbalances for different channel models. 
Figure 1 presents the empirical aggregated probability of the antenna imbalance taken over a set of 14 devices. The mean and standard deviation of the log-normal random variable are presented in Table 1.
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Figure 1: Measured antenna imbalance for the 14 devices (solid lines). Aside from the empiric probability distribution we also present the fitted log-normal random variable (dashed lines).
From the figure and table we can observe:
· The long-term antenna imbalance for the studied devices is 1.64 dB. It can be observed that this is independent on the angular spread of the channel. This is desired since it is suppose to model different antenna efficiency.
· The short-term antenna imbalance for the studies devices and channels varies between 2.49 and 3.05 dB and it decreases with the angular spread of the channel.
Table 1: Summary of the reported long and short-term antenna imbalances.
	AS
	
	

	30
	1.6403
	3.0430

	50
	1.6448
	2.7098

	70
	1.6361
	2.4915


Aside from the results that we presented during the open loop study item, results were also presented by other companies. In general the results from all companies were comparable. More specifically the results reported in [2]

 REF _Ref289413885 \r \h 
[7] suggested a short-term antenna imbalance of 2.85 dB. The results in [1]

 REF _Ref289413921 \r \h 
[8] suggested that the short-term antenna imbalance varied between 2-4 dB depending on the radio channel conditions.
 
To sum up, the results from the OLTD study item suggested a long-term antenna imbalance between 1-2 dB whereas the short-term antenna imbalance varied between 2-4 dB. It should however be noted that the reported values only accounted for the difference in antennas, i.e. the effects of hand and head shadowing were not taken into account.
Turning to the problem of the hand and head shadowing effects there are some papers available in the existing literature. Most of the papers have focused on scenarios where the UEs were equipped with a singe transmit antenna. However, in terms of deciding the size of shadowing loss we would expect that these are applicable also for multi-antenna schemes. From the existing studies one observe that the human body effect; i.e. the loss caused by hand and head shadowing often can be up to 10 dB. 
An evaluation that addressed the effects from head and hand shadowing for UEs equipped with multiple antenna elements were presented in [11]. In this study the loss in antenna gain for the different antennas was within the range of 
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 for free space conditions. The additional loss caused by reflection due to impedance mismatch and absorption (due to the hand and head) could be up to 7 dB. 
It is also interesting to notice that for the studied scenario a difference in hand position of 1 cm could result in a 2-5 dB difference in the loss associated with a certain antenna element. Also in [13] the effect of additional losses due to shadowing from the hand and head was discussed. Two different user settings were considered; talk mode and browsing mode. In general, the loss was higher in talk mode than in browsing mode and a conclusion was that in talk mode the loss was to a large extent caused by the head (depending on the grip, the hand could also contribute to a significant part of the total losses) whereas in browsing mode the losses were mainly caused by the hand effects. 
The spatial correlation between antenna elements is in general difficult to characterize since it is very dependent on, e.g., the positions of the antennas. In general though, the impact from shadowing due to the head can be considered to be highly correlated between antenna elements whereas the shadowing caused by the hand is much less correlated or even anti-correlated (assuming that the antennas are separated by a distance so large so that a hand is unlikely to cover both antennas simultaneously) between the antennas. Also, there will be a temporal correlation in the antenna losses caused from the hand and body shadowing. We would expect that this is a fairly slowly varying process.

3.2 Performance evaluation 
3.2.1 Low data rate scenario (TBS=2020)
Figure 1 presents the gain in transmit power for the codebooks outlined in section 2.1 as a function of the antenna imbalance. It should be noted that the antenna imbalance is static throughout the simulations and that it is given with respect to the primary antenna (i.e. the antenna that is used if no transmit diversity is applied). Aside from the SVD based pre-coding (which assumes an infinite codebook) codebooks with 4 and 8 entries are considered. Assuming a codebook size of N, the codebook that only supports phase differences (i.e. the magnitude of both antenna weights are identical) have N code words each separated by a relative phase difference of 2/N. In the case where the codebook also support antenna switching the pre-coding codebook consists of the pre-coding vectors [1 0], [0 1] as well as N-2 code words (characterized by that antenna weights have the same magnitude) with a relative phase different 2/(N-2).
From the figure it is evident that for both codebook sizes the best design choice is to have a codebook consisting of the two antenna switching code words (together with the N-2 code words modelling different relative phase differences). For small antenna imbalances [-3,3] dB the performance of the codebook types is comparable. However, for larger antenna imbalances there is a clear benefit of including the antenna switching code words in the code book.
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Figure 2: Gain in transmit power with respect to the case where you do not apply transmit diversity for a case where TBS=2020 and a PA3 channel.

3.2.1.1 High data rate scenario (TBS=16218)
Figure 3 illustrates the gain in transmit power due to closed loop beam forming for the different codebooks in a high data rate scenario. The results presented in Figure 3 supports those presented in Figure 2, i.e. that it is beneficial to include the antenna switching code words in the codebook. For small and moderate antenna imbalances [-3,3] dB the gain is small whereas it increases as the antenna imbalance increases.
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Figure 3: Gain in transmit power with respect to the case where without transmit diversity for the case where the TBS=16218 in a PA3 channel.
3.3 Discussion
3.3.1 Support for antenna switching

In the previous sections we have discussed the antenna imbalance as well as the pre-coding codebook design for closed loop antenna diversity. The general conclusion with respect to practical antenna imbalances was that:

· Even without accounting for the head and hand shadowing effects there is typically a long-term antenna imbalance in the range of 1-2 dB. Besides this long-term antenna imbalance there is also a short term antenna imbalance that is between 2-4 dB due to imperfections in the antennas. 

· Besides the imbalance related to the antennas there will in practice also be an additional loss caused by head and hand shadowing. This loss will vary between different use cases (e.g., whether the user is in talk or browsing mode) and UE designs. In general however the aggregated loss can be more than 10 dB. Furthermore, while the shadow effect from the head likely will be correlated amongst the antenna elements the impact from the hand will exhibit smaller correlation, or even be anti-correlated.
Our understanding is that the antenna imbalance at a given time-instant can exceed 5 dB.  Based on this, it is our view that it should be possible for the network to ensure that UE transmissions only occurs from one of the two antennas. This can either be achieved by including the antenna switching code words [1 0] and [0 1] into the codebook or by introducing HS-SCCH orders whereby the network can decide from which of the two transmit antennas the transmissions should take place.
Proposal 1: It should be possible for the network to inform the UE to use antenna switching.

3.3.2 Codebook based, HS-SCCH order, or event based implementation of antenna switching.
From the discussion above our view is that the network should have the possibility to apply antenna switching. In principle there are three alternatives whereby this can be achieved:

· Option 1: Rely on a codebook that only tries to adapt to the phase of the channel and in addition to this rely on HS-SCCH orders for to signal that antenna switching code words should be used. (In other words, there would exist one HS-SCCH order to inform the UE that it should transmit from the primary antenna and another HS-SCCH order that informs the UE that it should transmit from the other antenna).
· Option 2: Use a codebook where the antenna switching code words are included. Note that even though the antenna switching code words are included in the codebook it may be justified to introduce HS-SCCH orders for activation/deactivation of CLTD. (This would turn off the S-DPCCH as well as save hardware resources at the Node-B).
· Option 3: Use existing events for reconfiguring the UE via RRC.

From a pure performance point of view option 2 seems preferable and we may notice that this is similar to the approach used in LTE. On the other hand, this conclusion is based on that the UE have implemented 2 full-power amplifiers. If one full power PA in conjunction with one half-power PA is used instead then the antenna switching code words may be associated with an insertion loss from the switch.

From the analysis presented in this paper and in [15] it is also clear that it is beneficial to turn closed loop transmit diversity off under certain circumstances. (Note that the deactivation of CLTD should result in that the UE stops transmitting S-DPCCH). This could either be done by the Node-B by means of HS-SCCH orders or by means of RRC reconfigurations controlled by the RNC. As most relevant information, e.g., the RoT headroom, the Doppler spread, the delay spread of the channel, etc. is available at the Node-B it seems reasonable that the standard should aim to allow the serving Node-B to deactivate the feature when possible. This would avoid the signalling delay necessary for including the RNC. This topic is further discussed in [16].
Proposal 2: Discuss and agree whether the antenna switching code words ([1 0] and [0 1]) should be included in the CLTD codebook.

If this is not acceptable to other companies we believe that it needs to be possible for the serving Node-B to switch between the two transmit antennas by means of HS-SCCH orders. 

Proposal 3: If the antenna switching code words are not included in the CLTD codebook, it should be possible for the serving Node-B to control (e.g., by means of HS-SCCH orders) from which of the two transmit antennas the UE is transmitting if the UE is configured with HSDPA.

A drawback with this solution (as compared to the case where the antenna switching code words are included in the codebook) is that “antenna switching” will not be possible for UEs that are not configured with HSDPA. (Since HS-SCCH can not be transmitted to UEs only configured with DCH). 

An additional point that should be highlighted is that if HS-SCCH orders are used for switching between pre-coding codebook and antenna switching the interruption and application delay should be minimized.
4 Conclusions
This contribution has presented additional simulation results focusing on determining the potential benefit from allowing the network to use antenna switching in the presence of antenna imbalance. Based on the discussion we propose: 

Proposal 1: It should be possible for the network to inform the UE to use antenna switching.

Proposal 2: Discuss and agree whether the antenna switching code words ([1 0] and [0 1]) should be included in the CLTD codebook.

Proposal 3: If the antenna switching code words are not included in the CLTD codebook, then it should be possible for the serving Node-B to control from which of the two transmit antennas the UE is transmitting if the UE is configured with HSDPA.
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6 Appendix

Table 2: Link level simulation parameters.

	Parameter
	Value

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

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020
16218 (*)

	Modulation
	TBS2020: QPSK

TBS16218: 16QAM (*)

	Number of physical data channels and spreading factor
	TBS2020: 2xSF2
TBS16218: 2xSF2+2xSF4 (*)

	20*log10(βed/βc) [dB]
	TBS2020: 9
TBS16218: 10 (Non E-DPCCH boosting) (*)

	20*log10(βec/βc) [dB]
	TBS2020: 2
TBS16218: 2 (Non E-DPCCH boosting) (*)

	20*log10(βhs/βc) [dB]
	2

	Power ratio between Secondary DPCCH and DPCCH (S-DPCCH/DPCCH) [dB]
	To be described

	Number of H-ARQ Processes
	8

	Target Number of H-ARQ Transmissions
	4

	H-ARQ operating point
	TBS2020: 1 % Residual BLER after 4 H-ARQ attempts

TBS16218: 10 % BLER after 1 H-ARQ attempt OR 30 % BLER after 1 H-ARQ attempt (*)

	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
	To be described

	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)
	4 %

	Propagation Channel
	PA3, VA30

	NodeB Receiver Type
	TBS2020: RAKE 
TBS16218: LMMSE (*)

	Antenna imbalance [dB]
	0, +3 (*), -3 (*)

	UE Tx Antenna Correlation
	0, 0.3 (*), 0.7 (*)

	UE DTX
	OFF

	CLTD Codebook Size
	To be described

	CLTD Feedback Error Rate
	To be described

(e.g. Ideal, 4 %, …)

	CLTD Feedback Update Rate
	To be described

	CLTD Feedback Delay
	To be described


� Note that SVD based pre-coding in general result in pre-coding vectors where the magnitude of the two antenna weights differ (i.e. |w1|≠|w2|). Hence, the difference in performance between the SVD and the codebook based beam forming algorithms can be interpreted as an approximation of the additional performance gain that could be achieved if the codebook contained both different phases and different amplitudes and an infinite number of code-words were supported.


� This evaluation was based on 6 different devices.


� Then again, it is unclear if and in such case how half-power PAs will be used and whether the power from both PAs could be combined, e.g., via a power balancing network so that it can be used by a single antenna.
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