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1
Introduction

In [2] and [3] and in earlier contributions, various TxDiv schemes were discussed for Rel-10 PUCCH format 3 and 1b with channel selection.  

In this contribution we discuss earlier results and make some general observations on achievable performance with various TxDiv schemes.  

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.  We will discuss this aspect as well.  
2
Discussion

The baseline TxDiv scheme is SORTD, which achieves full diversity order; however, it requires the use of twice as many UL resources than without TxDiv, which many companies felt was excessive.  We believe that the population of UEs that need to be configured with TxDiv could be moderate, in which case the resource utilization inefficiency doesn’t become a significant factor. 

It would seem that for format 1b with channel selection, for example, there could be a way to choose two of the four available resources and assign them to two Tx antenna ports thereby reducing the number of resources needed. With such a scheme; however, we should not expect full diversity order and we could expect even performance degradation compared to the non-TxDiv case.  This can be justified with the following simplified argument:  Assume that the criteria of the required diversity order is that if either of the two transmission ports’ signal fades out, the other antenna’s signal should be uniquely decodable. With four resources, we have 4x4=16 possible waveforms with QPSK modulation that can be transmitted on a transmission port. Since with 4 ACK bits the number of codewords is also 16, obviously it will not be possible to uniquely decode a single antenna signal because the other antenna for some other codeword must transmit also the same waveform and these two waveforms are undistinguishable. 
The above effect causes the TxDiv scheme to reduce the minimum distance; therefore reducing the link performance potentially below that of the no TxDiv scheme. 

Note that the above degradation could be resolved with using the dimensions available across the two slots of the PUCCH transmission; however, we already assume to have diversity provided by the frequency hopping across slots, therefore we cannot assume that the signal will be received (with sufficient power) in both slots from a given antenna.  Because of this, the reduction in diversity order still remains even when multiple slots are considered.  
Of course, with some more complicated scheme, full diversity order and large minimum distance might be achieved but it requires more complicated processing or perhaps redefinition of format 1b. 
A very similar argument can be made for PUCCH format 3 as well. Due to the constraints of the format, wherein orthogonality needs to be maintained relative to other UEs’ PUCCH format 3 signal, full diversity order is difficult to achieve without reducing the minimum distance.  

2.1
Performance results with TxDiv schemes
In the following, we give performance results for some TxDiv schemes and the precoding vector switching scheme for PUCCH Format 3 and Format 1b with channel.
2.1.1
Format 1b with channel selection

The following schemes are compared: 
· (Alt 1) SORTD

· Set of orthogonal resources {OR-0, OR-1, OR-2, OR-3} is different from set of resources {OR-0’, OR-1’, OR-2’, OR-3’}

· modulation symbol sent over two antennas are same
· Pros: best performance, aligns with TxD scheme for other PUCCH formats
· Cons: require double amount of resources 

· RRC will configure SORTD when necessary and be able to maintain service to other UEs, so the multiplexing capability loss due to excessive use of dimensions is not expected to affect the system performance

· (Alt 2) Modified SORTD
· set of orthogonal resources {OR-0, OR-1, OR-2, OR-3} is same as the set of resources {OR-0’, OR-1’, OR-2’, OR-3’}

· modulation symbol sent over two antennas are same
· (Alt 3) SCBC
· Mapping table based on [2]
· (Alt 4) PVS

· apply [+1, +1] precoding in slot 0, and [+1, -1] precoding in slot 1

· a particular realization of single antenna port mode

· no need for additional spec efforts since it is transparent

· full power utilization

The mapping table used for SORTD and modified SORTD is the following: 
	ACK/NACK bits
	Antenna 1
	Antenna 2

	b0
	b1
	b2
	b3
	DATA
	RS
	DATA
	RS

	
	
	
	
	OR-0
	OR-1
	OR-2
	OR-3
	OR-0
	OR-1
	OR-2
	OR-3
	OR-0’
	OR-1’
	OR-2’
	OR-3’
	OR-0’
	OR-1’
	OR-2’
	OR-3’

	0
	0
	0
	0
	s0
	0
	0
	0
	1
	0
	0
	0
	0
	t0
	0
	0
	0
	1
	0
	0

	0
	0
	0
	1
	s1
	0
	0
	0
	1
	0
	0
	0
	0
	t1
	0
	0
	0
	1
	0
	0

	0
	0
	1
	0
	s2
	0
	0
	0
	1
	0
	0
	0
	0
	t2
	0
	0
	0
	1
	0
	0

	0
	0
	1
	1
	s3
	0
	0
	0
	1
	0
	0
	0
	0
	t3
	0
	0
	0
	1
	0
	0

	0
	1
	0
	0
	0
	s0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	t0
	0
	0
	0
	1

	0
	1
	0
	1
	0
	s1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	t1
	0
	0
	0
	1

	0
	1
	1
	0
	0
	s2
	0
	0
	0
	1
	0
	0
	0
	0
	0
	t2
	0
	0
	0
	1

	0
	1
	1
	1
	0
	s3
	0
	0
	0
	1
	0
	0
	0
	0
	0
	t3
	0
	0
	0
	1

	1
	0
	0
	0
	0
	0
	s0
	0
	0
	0
	1
	0
	t0
	0
	0
	0
	1
	0
	0
	0

	1
	0
	0
	1
	0
	0
	s1
	0
	0
	0
	1
	0
	t1
	0
	0
	0
	1
	0
	0
	0

	1
	0
	1
	0
	0
	0
	s2
	0
	0
	0
	1
	0
	t2
	0
	0
	0
	1
	0
	0
	0

	1
	0
	1
	1
	0
	0
	s3
	0
	0
	0
	1
	0
	t3
	0
	0
	0
	1
	0
	0
	0

	1
	1
	0
	0
	0
	0
	0
	s0
	0
	0
	0
	1
	0
	0
	T0
	0
	0
	0
	1
	0

	1
	1
	0
	1
	0
	0
	0
	s1
	0
	0
	0
	1
	0
	0
	T1
	0
	0
	0
	1
	0

	1
	1
	1
	0
	0
	0
	0
	s2
	0
	0
	0
	1
	0
	0
	T2
	0
	0
	0
	1
	0

	1
	1
	1
	1
	0
	0
	0
	s3
	0
	0
	0
	1
	0
	0
	T3
	0
	0
	0
	1
	0


The simulation assumptions for the Format 1b with channel selection case are given in Table 1. 

	Parameters
	Value

	carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz

	channel model
	TU, PedA, 5 MHz

	frequency hopping
	at slot boundary

	antenna setup
	1-2 Tx, 2Rx

	RX antenna correlation
	Uncorrelated

	channel estimation
	Practical

	CP type
	normal CP

	signal bandwidth
	180 kHz

	RX false alarm detection threshold
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	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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Table 1  Simulation assumptions for Format 1b with channel selection
Figures 1 and 2 show results for PUCCH Format 1b with channel selection.
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Figure 1  PUCCH format 1b channel selection performance with 4 bits, in TU 3kph
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Figure 2  PUCCH format 1b channel selection performance with 4 bits, in TU 3kph

We can observe that SORTD has the best overall performance. However, PVS has also comparable performance. 
2.1.2
Format 3

The following schemes [1] are compared  

· Alt 1: SORTD

· transmit the same information over two orthogonal resources from two transmit antennas

· Alt 2: FSTD

· first antenna transmits over even tones

· S0, 0, S1, 0, S2, 0, S3, 0, S4, 0, S5, 0

· second antenna transmits over odd tones

· 0, T0, 0, T1, 0, T2, 0, T3, 0, T4, 0, T5

· Alt 3: Low-CM SFBC (i.e. SC-SFBC)

· first antenna transmit  the following symbols from tone 0 to tone 11:

· S0,    S1,  S2,    S3,   S4,   S5,   S6,     S7,     S8,   S9,   S10,  S11

· second antenna transmits the following symbols from tone 0 to tone 11:

· S5*, -S4*, S3*, -S2*, S1*, -S0*, S11*, -S10*,  S9*, -S8*, S7*,  -S6*

· Alt 4: PVS

· apply [+1, +1] precoding in slot 0 and [+1, -1] precoding in slot 1

· a particular realization of single antenna port mode

The simulation assumptions for the Format 3 case are given in Table 2. 
	Parameters
	Value

	carrier frequency
	2.0 GHz

	System bandwidth
	5 MHz

	channel model
	TU, PedA, 5 MHz

	frequency hopping
	at slot boundary

	antenna setup
	1-2 Tx, 2Rx

	RX antenna correlation
	Uncorrelated

	channel estimation
	Practical

	CP type
	normal CP

	signal bandwidth
	180 kHz

	Number of ACK bits
	10, 20

	Noise estimation
	Ideal

	Number of UEs
	1

	Number of PRBs for PUCCH
	1
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	Receiver
	MMSE

	A/N mapping table
	see backup slides


Table 2  Simulation assumptions for Format 3

Figures 3 through 6 show results for PUCCH format 3.
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Figure 3  PUCCH format 3 performance with 10 bits, in TU 3kph
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Figure 4  PUCCH format 3 performance with 10 bits, in PA 3kph
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Figure 5  PUCCH format 3 performance with 20 bits, in TU 3kph
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Figure 6  PUCCH format 3 performance with 20 bits, in PA 3kph

Again, we can observe that SORTD has the best overall performance. However, PVS has also comparable performance. 

3
Implementation of the PVS scheme

The PVS scheme is similar to an open loop scheme; wherein the UE can decide what exact precoding to use for PUCCH transmission and whether to change the precoder across the two slots.  This aspect would need to be changed  if PVS is to be standardized as a mandatory feature. 
3.1
Standards changes needed to allow *optional* PVS in Rel-10
None is needed, since the application of PVS is transparent as was discussed in [8]. 
3.2
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 before that the change could be implemented in the RAN4 specification.  In the following, we discuss this aspect. 

· 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. 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 doing so. 

[image: image9]
· 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 needs to be added and how to define that requirement. 
4
Conclusions

Comparing the previously proposed TxDiv schemes for PUCCH Format 1b with channel selection and Format 3, PVS seems to be the best choice. 

Based on the state of the current RAN1 and RAN4 specifications, precoding vector switching (PVS) across slots of the same subframe is already allowed for PUCCH. However, 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 we recommend its adoption as the TxDiv scheme for PUCCH format 1b with channel selection and for PUCCH format 3 in Rel-11. 
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