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1
Introduction

In [2] and [3] and in previous contributions, precoding vector switching (PVS) was discussed and results were presented to show the performance gain achievable with PUCCH PVS. During RAN1#62bis there were discussions regarding whether PVS is standards transparent or further standardization work is required to support it.  
In this contribution, we further discuss this aspect.  
2
Discussion

In the current 36.211 draft [4] the UE antenna ports and transmission ports are defined as follows:
A transmission port is defined by its associated reference signal such that the channel over which symbols on the same transmission port is conveyed can be estimated from the reference signal.  In the uplink, the reference signal associated with transmission port 
[image: image1.wmf]p

 is not necessarily transmitted on antenna port 
[image: image2.wmf]p

. The following types of reference signals are defined:

-
PUSCH demodulation reference signals, associated with transmission ports 
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-
Sounding reference signals, associated with transmission ports 
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-
PUCCH demodulation reference signals, associated with transmission ports 
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Note that the mapping of antenna ports to transmission ports is not specified in [4].  

Also, when multiple antenna ports are used to transmit on one transmission port, the phase offset between the antenna ports is not specified.   

2.1
RAN4 requirements on phase discontinuity

There were concerns raised in RAN1#62bis regarding the RAN4 requirements for time invariant phase offset between the antenna ports when multiple antenna ports are used to transmit on one transmission port. 
In the following, we discuss applicable requirements based on [1]. 

F.4
Modified signal under test

Implicit in the definition of EVM is an assumption that the receiver is able to compensate a number of transmitter impairments. 

The PUSCH data or PRACH signal under test is modified and, in the case of PUSCH data signal, decoded according to:
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where
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 is the time domain samples of the signal under test.

The PUCCH or PUSCH demodulation reference signal or PUCCH data signal under test is equalised and, in the case of PUCCH data signal decoded according to:
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where
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 is the time domain samples of the signal under test. 

To minimize the error, the signal under test should be modified with respect to a set of parameters following the procedure explained below.

Notation:
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 is the sample timing difference between the FFT processing window in relation to nominal timing of the ideal signal.
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 is the RF frequency offset.
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 is the phase response of the TX chain.
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 is the amplitude response of the TX chain.

In the following  
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 represents the middle sample of the EVM window of length 
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 (defined in the next subsections)  or the last sample of the first window half if 
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is even.

The EVM analyser shall

· detect the start of each slot and estimate 
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 and 
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,

· determine 
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  so that the EVM window of length 
[image: image20.wmf]W

 is centred 

· on the time interval determined by the measured cyclic prefix minus 16 samples of the considered OFDM symbol for symbol 0 for normal CP, i.e. the first 16 samples of the CP should not be taken into account for this step.  In the determination of the number of excluded samples, a sampling rate of 30.72MHz was assumed.  If a different sampling rate is used, the number of excluded samples is scaled linearly.

· on the measured cyclic prefix of the considered OFDM symbol symbol for symbol 1 to 6 for normal CP and for symbol 0 to 5 for extended CP. 

· on the measured preamble cyclic prefix for the PRACH 

To determine the other parameters a sample timing offset equal to 
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 is corrected from the signal under test. The EVM analyser shall then

· correct the RF frequency offset 
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for each time slot, and

· apply an FFT of appropriate size. The chosen FFT size shall ensure that in the case of an ideal signal under test, there is no measured inter-subcarrier interference.
The IQ origin offset shall be removed from the evaluated signal before calculating the EVM and the in-band emissions; however, the removed relative IQ origin offset power (relative carrier leakage power) also has to satisfy the applicable requirement. 

At this stage the allocated RBs shall be separated from the non-allocated RBs.  In the case of PUCCH and PUSCH EVM, the signal on the non-allocated RB(s), 
[image: image23.wmf](

)

f

t

Y

,

, is used to evaluate the in-band emissions. 

Moreover, the following procedure applies only to the signal on the allocated RB(s). 

· In the case of PUCCH and PUSCH, the UL EVM analyzer shall estimate the TX chain equalizer coefficients 
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 used by the ZF equalizer for all subcarriers by time averaging at each signal subcarrier of the amplitude and phase of the reference and data symbols. The time-averaging length is 1 slot. This process creates an average amplitude and phase for each signal subcarrier used by the ZF equalizer. The knowledge of data modulation symbols may be required in this step because the determination of symbols by demodulation is not reliable before signal equalization.

· In the case of PRACH, the UL EVM analyzer shall estimate the TX chain coefficients 
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 used for phase and amplitude correction and are seleted so as to minimize the resulting EVM. The TX chain coefficients are not dependent on frequency, i.e. 
[image: image28.wmf])

(

~

)

,

(

~

t

a

f

t

a

=

 and 
[image: image29.wmf])

(

~

)

,

(

~

t

f

t

j

j

=

.  The TX chain coefficient are chosen independently for each preamble transmission and for each 
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At this stage estimates of 
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 are available. 
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 is one of the extremities of the window 
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, i.e. 
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 is odd and 
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is even. The EVM analyser shall then

· calculate EVMl with 
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 set to 
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· calculate EVMh with 
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Because of the red highlighted text above, the current RAN4 requirements allow phase or precoder switching at every slot boundary.  
Therefore we can conclude that PVS is standards transparent and no further specification changes are required to support it.  

The above can be further justified by considering that in the case of PUCCH or PUSCH with intra-subframe frequency hopping, the eNB cannot assume phase continuity across slots, and therefore it can be assumed not to implement channel estimation filtering across the two slots of a subframe. 

Clearly, there can be valid concerns raised regarding precoding vector switching across the two slots of a subframe when PUSCH is transmitted without intra-subframe frequency hopping.  This operating mode should be disallowed due to the following reasons: 

· The eNB will likely implement channel estimation filtering across the two slots in order to enhance PUSCH demodulation performance

· The MU-MIMO orthogonality achieved by introducing Rel-10 DM-RS OCC for the unequal RB allocation cases would be diminished. 

Therefore, there is a good reason to disallow precoding vector switching across the two slots of a subframe when PUSCH is transmitted without intra-subframe frequency hopping.  
We give a possible text proposal for 36.101 in the Appendix for this purpose; however, this is out of scope for the RAN1 discussions.  

2.2
Performance results with precoding vector switching

In the following, we give performance results for the precoding vector switching scheme for PUCCH Format 3 and Format 1b with channel selection as compared with other TxDiv schemes. 
Figures 1 through 4 show results for PUCCH Format 3 and Figures 5 and 6 show results for PUCCH format 1b with channel selection. 
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Figure 1  PUCCH format 3 performance with 10 bits, in TU 3kph
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Figure 2  PUCCH format 3 performance with 10 bits, in PA 3kph
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Figure 3  PUCCH format 3 performance with 20 bits, in TU 3kph
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Figure 4  PUCCH format 3 performance with 20 bits, in PA 3kph
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Figure 5  PUCCH format 1b channel selection performance with 4 bits, in TU 3kph
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Figure 6  PUCCH format 1b channel selection performance with 4 bits, in TU 3kph

As it can be seen, PVS provides very good performance while requiring no specification changes. Therefore it is important that at least continued standards transparent support of PVS should be maintained. 

Alternatively, specification changes could be adopted to require PVS for PUCCH when no TxDiv is configured.  

3
Conclusions

Based on the state of the current RAN1 and RAN4 specifications, precoding vector switching (PVS) across slots of the same subframe is allowed. Since PVS provides very good performance for the PUCCH, while requiring no specification changes, it is important that continued standards transparent support of PVS should be maintained. 

Alternatively, specification changes could be adopted to require PVS for PUCCH when no TxDiv is configured. 
Precluding PVS for the case of PUSCH transmission without intra-subframe frequency hopping would be acceptable but that aspect could be addressed in RAN4. 
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F.4
Modified signal under test

Implicit in the definition of EVM is an assumption that the receiver is able to compensate a number of transmitter impairments. 

The PUSCH data or PRACH signal under test is modified and, in the case of PUSCH data signal, decoded according to::
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where
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 is the time domain samples of the signal under test.

The PUCCH or PUSCH demodulation reference signal or PUCCH data signal under test is equalised and, in the case of PUCCH data signal decoded according to:
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where
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 is the time domain samples of the signal under test. 

To minimize the error, the signal under test should be modified with respect to a set of parameters following the procedure explained below.

Notation:
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 is the sample timing difference between the FFT processing window in relation to nominal timing of the ideal signal.
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 is the RF frequency offset.
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 is the phase response of the TX chain.
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 is the amplitude response of the TX chain.

In the following  
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 represents the middle sample of the EVM window of length 
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 (defined in the next subsections)  or the last sample of the first window half if 
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is even.

The EVM analyser shall

· detect the start of each slot and estimate 
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· determine 
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  so that the EVM window of length 
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 is centred 

· on the time interval determined by the measured cyclic prefix minus 16 samples of the considered OFDM symbol for symbol 0 for normal CP, i.e. the first 16 samples of the CP should not be taken into account for this step.  In the determination of the number of excluded samples, a sampling rate of 30.72MHz was assumed.  If a different sampling rate is used, the number of excluded samples is scaled linearly.

· on the measured cyclic prefix of the considered OFDM symbol symbol for symbol 1 to 6 for normal CP and for symbol 0 to 5 for extended CP. 

· on the measured preamble cyclic prefix for the PRACH 

To determine the other parameters a sample timing offset equal to 
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 is corrected from the signal under test. The EVM analyser shall then

· correct the RF frequency offset 
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for each time slot, and

· apply an FFT of appropriate size. The chosen FFT size shall ensure that in the case of an ideal signal under test, there is no measured inter-subcarrier interference.
The IQ origin offset shall be removed from the evaluated signal before calculating the EVM and the in-band emissions; however, the removed relative IQ origin offset power (relative carrier leakage power) also has to satisfy the applicable requirement. 

At this stage the allocated RBs shall be separated from the non-allocated RBs.  In the case of PUCCH and PUSCH EVM, the signal on the non-allocated RB(s), 
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, is used to evaluate the in-band emissions. 

Moreover, the following procedure applies only to the signal on the allocated RB(s). 

· In the case of PUCCH and PUSCH, the UL EVM analyzer shall estimate the TX chain equalizer coefficients 
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 used by the ZF equalizer for all subcarriers by time averaging at each signal subcarrier of the amplitude and phase of the reference and data symbols. The time-averaging length is 1 slot for the PUSCH EVM when PUSCH intra-subframe frequency hopping is enabled and for the PUCCH EVM. The time-averaging length is 1 subframe for the PUSCH EVM when PUSCH intra-subframe frequency hopping is disabled. This process creates an average amplitude and phase for each signal subcarrier used by the ZF equalizer. The knowledge of data modulation symbols may be required in this step because the determination of symbols by demodulation is not reliable before signal equalization.

· In the case of PRACH, the UL EVM analyzer shall estimate the TX chain coefficients 
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 used for phase and amplitude correction and are seleted so as to minimize the resulting EVM. The TX chain coefficients are not dependent on frequency, i.e. 
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.  The TX chain coefficient are chosen independently for each preamble transmission and for each 
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· calculate EVMl with 
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