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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 (some of those results are repeated in the Appendix). During RAN1#63bis, there were discussions regarding whether PVS is standards transparent or further standardization work is required to support it in the case of it being an optional or possibly a mandatory feature.  In this contribution, we discuss this aspect.  
2
Discussion

In the current 36.211 version [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 
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 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
Standards changes needed to allow *optional* PVS in Rel-10
None is needed, since the application of PVS is transparent as was discussed in [6]. 
2.2
Standards changes needed for *mandatory* PVS in Rel-10

Obviously *some* changes are needed to change a feature from optional to mandatory.  It was argued at RAN1#63bis that the change could be implemented in the RAN4 specification.  In the following, we discuss this aspect. 

2.2.1
PVS definition in RAN4 specification

It was mentioned that PVS could be mandated by appropriate performance specification in RAN4, since there is a demonstrable performance difference in UL operation between UEs operating PUCCH with PVS and without.  
This argument however, doesn’t consider the fact that the UL Tx performance of a UE is not measured by any means of demodulation error rate by the test equipment.  The only definition of UL Tx performance is via EVM-type evaluation, which checks that the transmit waveform conforms to the functions defined in 36.211.  The test set up is as shown in the figure below. 

[image: image6]
If 36.211 doesn’t have a requirement to use PVS then the RAN4 specification cannot easily make up one and there is no real precedence of RAN4 ever doing so. 
2.2.2
PVS definition in RAN1 specification

Implementing PVS in the RAN1 specification is very straightforward.  When the UE uses PVS for PUCCH transmission, it uses transmission ports 20 and 21.  The signal in the first and second slot is multiplied by [+1, +1] and [+1, -1] for transmission ports 20 and 21, respectively.  Then RAN4 can decide whether a specific requirement on how closely the UE complies with this requirement needs to be added and how do deal with any other phase uncertainty issues that are present in the corresponding test. 
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 for PUCCH. 

If RAN1 decides to adopt PVS as a mandatory as opposed to optional feature then RAN1 specification change should be implemented.  Since PVS provides good performance at no cost in multiplexing capability, this approach is our proposal. 
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Appendix
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

[image: image8.emf]-10 -8 -6 -4 -2 0 2

10

-4

10

-3

10

-2

10

-1

10

0

Average Tone SNR per Rx Antenna (dB)

BER

10 A/N bits, PedA, 3kmph

 

 

SIMO

SC-SFBC

FSTD

SORTD

PVS


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
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