Page 1

3GPP TSG-RAN WG1 #67
R1-114105
November 14th – 18th, 2011

San Francisco, CA, USA
Agenda item:
7.2.1.4
Source: 
Qualcomm Incorporated
Title: 
PUCCH transmit diversity for Format 3
Document for:
Discussion and Decision

1
Introduction

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

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

Due to the constraints of PUCCH format 3, wherein orthogonality needs to be maintained relative to other UEs’ PUCCH format 3 signal, full diversity order is difficult to achieve without either doubling the resource use or reducing the minimum distance.  

2.1
Overhead consideration

As it was mentioned, the only downside of the SORTD scheme is the doubling of required resources.  As it was pointed out in [22], the use of ARI might achieve statistical multiplexing, thereby somewhat mitigating the increase in resource overhead.  On the other hand, PVS provides Tx diversity without much complexity and without any increase in resource overhead. 
Since both these schemes are already available in Rel-10, there are already two options for achieving different power vs. resource utilization trade off. The eNB can choose a PUCCH format 3 transmit diversity solution in a UE-specific manner thereby realizing a mix targeted at the best overall system trade off.  

It doesn’t appear necessary to introduce yet another, 3rd solution for PUCCH format 3 transmit diversity in Rel-11.  

2.2
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.
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 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

	Tx antenna correlation
	0, 0.4, 0.8

	RX antenna correlation
	0

	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 1  Simulation assumptions
Figures 1 through 4 show results for PUCCH format 3.
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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

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

2.3
Further performance results with correlated Tx antennas
In the following, we give performance results for SORTD and PVS schemes with Tx antenna correlation.

Figures 5 and 6 show the corresponding results.


[image: image6]
Figure 5  PUCCH format 3 performance with 10 bits, in TU 3kph, Tx antenna correlation 0.4

[image: image7]
Figure 6  PUCCH format 3 performance with 10 bits, in PA 3kph, Tx antenna correlation 0.6
Again, we can observe that SORTD has the best overall performance. However, PVS has also comparable performance. 

4
Conclusions

The Rel-10 SORTD scheme is doubling the required PUCCH format 3 resources.  On the other hand, PVS provides Tx diversity without much complexity and without any increase in resource overhead. Since both these schemes are already available in Rel-10, there are already two options for achieving different power vs. resource utilization trade off. The eNB can choose a PUCCH format 3 transmit diversity solution in a UE-specific manner thereby realizing a mix targeted at the best overall system trade off.  

It doesn’t appear necessary to introduce yet another, 3rd solution for PUCCH format 3 transmit diversity in Rel-11.  
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