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1 Introduction
Closed-loop transmit diversity has been approved as a work item at the RAN#50 plenary [1] and been discussed at the last two RAN1 meetings.  At the last RAN1 meeting in Taipei, a number of contributions were presented and discussed in an attempt at defining the feedback channel requirements for UL CLTD.  Based on the discussion, RAN1 concluded that additional simulations were required, and in particular the following priorities were identified (see [2]):
From there, Mr Chair drew the following guidelines/priorities for further evaluation:

· Effect of antenna imbalance

· Include consideration of possible impact of implementation issues such as PA asymmetry

· Assume static antenna imbalance 

· Consider up to {0, -10dB}, {-10dB, 0}

· Potential benefits of antenna selection or amplitude adaptation

· Update rate / delay analysis for amplitude adaptation / selection

· Provide statistics on update rate for amplitude/selection components

· Consider overall codebook size taking into account phase component and if necessary amplitude/selection component. 

· As baseline, assume channel synthesis at the serving NB

· Assume the NB knows when the precoding is applied at the UE.

Provide results by date 8th April.

Email discussion from 8th April until RAN1#65.

 

 This contribution provides link-level simulation results addressing some of the priorities listed above.
2 Discussion
2.1 Methodology and codebook description
Except where specified explicitly, the simulation assumptions for the results shown in this contribution are listed in Table 6 in the appendix at the end of the document; these assumptions are in line with the agreed simulation assumptions in [3].  
To study the potential benefits of having amplitude in addition to phase in the codebook, we consider various codebook combinations.  In this study, we consider three families of codebooks:

· Codebooks with phase only;

· Codebooks including phase and two “antenna switching” (AS) codewords i.e. AS={[1,0], [0,1]};

· Codebook with phase and amplitude.

We have arranged the various codebook combinations by separating them in two independent tables.  Table 1 shows the analyzed codebook options for phase/AS for 1, 2 and 3 bits signaling.  Where Option 1 corresponds the phase based beamforming only options, Option 2 corresponds to the options with the combination of antenna switching and phase based beamforming.    Note that we have assumed that the phase codebooks have uniform phase distribution.

Table 1: Codebook phase/AS component

	
	1 bit
	2 bits
	3 bits

	Option 1:
	2 Phases
	4 Phases only
	8 Phases

	Option 2:
	AS
	2 Phases + AS
	6 Phases + AS


Table 2 shows the amplitude component table.  In this contribution we consider 2 amplitude components: 0 bit with equal amplitude across antennas, and a 1 bit amplitude allowing for the choice between 2 amplitude levels.
Table 2: Codebook amplitude component

	0 bit
	1 bit

	Equal amplitude
	2 amplitude levels: [75%,25%] or [25%, 75%] power on each antenna


A particular codebook can be constructed by taking a combination of one entry in Table 1 the phase/AS component table and one entry from Table 2 the amplitude component table.

2.2 Link-level results with antenna imbalance

In this section, the Tx Ec/No gain associated to various codebooks is investigated in the presence of antenna imbalance.  The imbalance is implemented by adding an additional attenuation to the secondary antenna.
With the above combinations, a total of 8 codebooks: 
1. AS: AS codewords only (1 bit)

2. 2Ph: 2 phases only (1 bit)

3. 2Ph+AS: 2 phases + AS codewords (2 bits)

4. 2Ph+amp: 2 phases + 1 bit amplitude (1 bit TDM)

5. 4Ph: 4 phases only (2 bits)

6. 4Ph+amp: 4 phases + 1 bit amplitude (2 bits and 1bit TDM)

7. 6Ph+AS: 6 phases + AS (3 bits)

8. 8Ph: 8 phases only (3 bits)

The first 6 can be implemented using either 1 or 2 bit signaling (here we assume that the amplitude may be transmitted in a time domain multiplex (TDM) manner – see Section 2.3) and the last 2 may be implemented using 3 bits signaling.  

For clarity of presentation, we have separated the plots in two figures for each channel.  Figure 1 and Figure 3 show the Tx Ec/No gains for the codebook requiring 1 or 2 bit signaling in PA3 and VA30, respectively.  Figure 2 and Figure 4 show the Tx Ec/No gains for the codebook requiring 3 bits signaling in PA3 and VA30, respectively.  Figure 10 to Figure 13 in the appendix (Section 5.2) show the corresponding Rx Ec/No curves.
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Figure 1: Tx Ec/No gains for 1 and 2 bit signaling codebooks in PA3
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Figure 2: Tx Ec/No gains for 3 bit signaling codebooks in PA3
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Figure 3: Tx Ec/No gains for 1 and 2 bit signaling codebooks in VA30
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Figure 4: Tx Ec/No gains for 3 bit signaling codebooks in VA30
From the above results, we make the following general observations:

· Phase only codebooks are not robust to antenna imbalance:
· With -6dB imbalance in PA3 none of the phase-only codebooks are able to provide Tx Ec/No gains;

· With -3dB imbalance in VA30 none of the phase-only codebooks provide Tx Ec/No gains

· At -10dB imbalance in PA3, the phase-only codebooks yield Tx Ec/No losses greater than 1dB

· At -10dB imbalance in VA30, the phase-only codebooks show Tx Ec/No losses greater than 2dB

· Antenna switching codebooks have less Tx Ec/No losses than amplitude codebooks at high antenna imbalance, while at low antenna imbalances, antenna switching codebooks and amplitude codebooks have similar Tx Ec/No gains

· In PA3 at -10dB imbalance, the 2ph+amp and 4ph+amp show over 0.5dB of Tx Ec/No loss while the 2ph+AS and 6ph+AS show less than 0.25dB of Tx Ec/No loss.

· In VA30 at -10dB imbalance, the 2ph+amp and 4ph+amp show over 1.0dB  of Tx Ec/No loss while the 2ph+AS and 6ph+AS show less than 0.5dB of Tx Ec/No loss

· In VA30, the antenna switching codebooks and amplitude codebooks have equivalent Tx Ec/No gains down to -6dB antenna imbalance

· In PA3, the 4ph+amp codebook outperforms the 2ph+AS codebook down to -6dB antenna imbalance.  The 4ph+amp and 6ph+AS codebooks have similar Tx Ec/No gains down to -8dB antenna imbalance.

2.3 Update rate analysis – amplitude vs. phase

In the previous section, it was shown that having support for amplitude in addition to phase provides robustness against antenna imbalance.  In this section, we attempt to characterize the required update rate for the amplitude component, with the hypothesis that it may not require as frequent updates as the phase.  If it is determined that it is the case, this opens the possibility of reducing the signaling load by time-domain multiplexing (TDM) the amplitude information with the phase information.
We first study the gap length (in number of slots) between changes in the phase component and amplitude component separately.  In general, large number of small gap indicates that changes occur more often and a large number of large gaps would indicate that changes occur less often.
Figure 5 shows the histograms for the gap length of the phase and amplitude separately for the 4Ph+amp codebook case.  The frequency for each gap length is indicated for each antenna imbalance level studied as indicated by the color scheme in the legend.  Note that a gap length of 0 indicates a change in consecutive slots.
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Figure 5: Histogram of gap length for PA3, 4Ph+amp codebook
From Figure 5 we can make the following observations:
· In general the phase component changes more frequently than the amplitude component;
· Impact of imbalance:

· For the phase component, phase changes are more frequent with large imbalance;
· For the amplitude component, amplitude changes are more frequent for smaller imbalance values.
The impact of the imbalance could be explained by considering the impact to the optimization metric.  When the imbalance is large, the phase component is to some extent less important to the overall optimization metric.  Likewise, when the imbalance is small, the amplitude component becomes less of a contributing factor and this is why there are more variations.

These observations motivate further study of the signaling aspect of the phase and amplitude component.  In the following experiment, the phase and amplitude components of the codebooks are signaled in TDM, with signaling period for the amplitude component of 2, 5, 10 and every 20 slots.  Figure 6 to Figure 9 show the Tx Ec/No gains when using longer update periods for the amplitude component in PA3 and VA30 for 2 phase and 4 phase codebooks with amplitude.  Figure 14 to Figure 17 in the appendix (see Section 5.2) show the corresponding Rx Ec/No gains.
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Figure 6: Tx Ec/No gain with longer amplitude update periods for 2Ph+amp codebook in PA3
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Figure 7: Tx Ec/No gain with longer amplitude update periods for 2Ph+amp codebook in VA30
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Figure 8: Tx Ec/No gain with longer amplitude update period for 4Ph+amp codebook in PA3
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Figure 9: Tx Ec/No gain with longer amplitude update period for 4Ph+amp codebook in VA30
Focusing at the extreme imbalance (0dB and -10dB), we can better evaluate the impact of the longer amplitude update period.  Table 3 and Table 4 show the Tx Ec/No losses due to the slower amplitude update period for the 0dB and -10dB imbalance for the 2Ph+amp and 4Ph+amp codebooks, respectively.
Table 3: Tx Ec/No losses due to longer amplitude update period for 2Ph+amp codebook
	Amplitude update period (in slots)
	Tx Ec/No loss in PA3 (dB)
	Tx Ec/No loss in VA30 (dB)

	
	0dB imbalance
	-10dB imbalance
	0dB imbalance
	-10dB imbalance

	2
	0.05
	0.07
	0.76
	0.21

	5
	0.14
	0.03
	0.78
	0.20

	10
	0.19
	0.06
	1.03
	0.19

	20
	0.32
	0.05
	1.14
	0.21


Table 4: Tx Ec/No losses due to longer amplitude update period for 4Ph+amp codebook

	Amplitude update period (in slots)
	Tx Ec/No loss in PA3 (dB)
	Tx Ec/No loss in VA30 (dB)

	
	0dB imbalance
	-10dB imbalance
	0dB imbalance
	-10dB imbalance

	2
	0.16
	-0.07
	0.52
	0.12

	5
	0.22
	0.05
	0.64
	0.18

	10
	0.37
	-0.02
	0.70
	0.03

	20
	0.33
	0.11
	0.76
	0.06


From these figures and these tables, we can observe the following:

· In PA3, the longer amplitude update rates do not significantly degrade the Tx Ec/No gains

· In VA30, the longer amplitude update rates show significant degradation of the Tx Ec/No gains with larger degradations at the lower antenna imbalances.

At large antenna imbalances, the longer amplitude update periods have the least degradation on Tx Ec/No due to the longer gaps between amplitude changes.

· For PA3 the loss due to longer amplitude update period is approximately 0.2dB and 0.37dB for 2Ph+amp and 4Ph+amp, respectively, when using one update every 10 slots in 0dB imbalance;
· For VA30, the loss due to longer amplitude update period is more severe with a minimum loss in 0dB imbalance of approximately 0.5dB.

· The loss in -10dB imbalance is meaningless, which may be explained by the fact that the NodeB rarely changes amplitude in those situations.

2.4 Comparison of 2 bits codebooks with amplitudes
As discussed above, it is possible to implement a codebook with amplitude with low-cost signaling by using TDM between the phase and the amplitude components.  With the Tx Ec/No losses measured in Section 2.3, one relevant question becomes: for the same signaling load what approach provides the best performance, more specifically in this case we compare a 2 bit signaling case: 
· 2Ph+amp with amplitude signaled every slot, versus 
· 4Ph+amp with the amplitude component signaled with a longer period using TDM.
Table 5 shows the Tx Ec/No gains in PA3 and VA30 for antenna imbalance of 0dB and -10dB for the 2Ph+amp and 4Ph+amp with amplitude period of 2, 5 and 10 slots.

Table 5: 2Ph+amp vs. 4Ph+amp with longer amplitude update periods

	Codebook/signaling scheme
	Tx Ec/No gain in PA3 (dB)
	Tx Ec/No gain in VA30 (dB)

	
	0dB imbalance
	-10dB imbalance
	0dB imbalance
	-10dB imbalance

	2Ph+amp
	2.29
	-0.50
	1.03
	-1.20

	4Ph+amp period=2
	2.65
	-0.22
	0.54
	-1.25

	4Ph+amp period=5
	2.59
	-0.34
	0.42
	-1.31

	4Ph+amp period=10
	2.44
	-0.27
	0.36
	-1.16

	4Ph+amp period=20
	2.48
	-0.40
	0.30
	-1.19


From the table we can make the following observations:

· In PA3, the 4Ph+amp codebook performs better (up to 0.36dB ) than the 2Ph+amp for all update periods simulated;
· In VA30 the slower amplitude update rate causes a significant performance degradation of approximately 0.5dB.

· At large antenna imbalance, the performance degradation is minimal for both channels.

This analysis demonstrates that by separating the amplitude updates from the phase update and using TDM to reduce the impact on the signaling, some performance gains may be achieved.
3 Conclusion
In this contribution, we have studied the performance of various codebooks with an amplitude component under antenna imbalance.  In general the results show that adding an amplitude component to the codebook design provides additional protection against antenna imbalance.  
Further, we showed that the amplitude component can be updated at a significantly slower rate than the phase component in PA3 and this may be exploited in the design of the feedback channel.

4 References

[1] RP-101438, “New WI proposal:  Uplink Transmit Diversity for HSPA”, Huawei, RAN#50, Istanbul, Turkey, December 7-10th, 2010
[2] R1-11xxxx, “Draft report of 3GPP TSG RAN WG1 #64,” 3GPP TSG RAN WG1 #65, Barcelona, Spain, May 9th-13th, 2011. 
[3] R1-110532, “Link-level simulation assumptions for UL CLTD for HSPA,” Huawei, HiSilicon, Qualcomm Incorporated,  RAN1 #63bis, Dublin, Ireland, January 17th-21st , 2011.
5 Appendix
5.1 Simulation assumptions
Table 6
Link simulation parameters.

	Parameter
	Value

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

	E-DCH TTI [ms]
	2

	TBS [bits]
	2020

	Modulation
	TBS2020: QPSK

	Number of physical data channels and spreading factor
	TBS2020: 2xSF2

	20*log10(βed/βc) [dB]
	TBS2020: 9

	20*log10(βec/βc) [dB]
	TBS2020: 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
	TBS2020: 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)

	S-DPCCH Slot Format
	1 (8 Pilot)

	Channel Estimation
	Realistic

	Compensation of phase discontinuity
	Channel Synthesis

	Channel Estimation Averaging 
(data demodulation)
	3 slots

	Channel Estimation Averaging 
(CLTD weight generation)
	3 slots

	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 

	Antenna imbalance [dB]
	{0, -2, -4, -6, -8,-10} applied to secondary antenna

	UE Tx Antenna Correlation
	0

	UE DTX
	OFF

	PCI update rate
	1 slot

	PCI feedback delay
	1 slot

	PCI error rate
	Ideal (0%)


5.2 Additional results
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Figure 10: Rx Ec/No gains for 1 and 2 bit signaling codebooks in PA3
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Figure 11: Rx Ec/No gains for 3 bit signaling codebooks in PA3
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Figure 12: Rx Ec/No gains for 1 and 2 bit signaling codebooks in VA30
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Figure 13: Rx Ec/No gains for 3 bit signaling codebooks in VA30
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Figure 14: Rx Ec/No gains with longer amplitude update period in PA3 (2 phase codebooks)
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Figure 15: Rx Ec/No gains with longer amplitude update period in VA30 (2 phase codebooks)
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Figure 16: Rx Ec/No gains with longer amplitude update period in PA3 (4 phase codebooks)
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Figure 17: Rx Ec/No gains with longer amplitude update period in VA30 (4 phase codebooks)
