3GPP TSG-RAN WG1 #66bis
R1-113557
Zhuhai, China, October 10th-14th 2011
Source:
Ericsson, ST-Ericsson
Title:
Transmit diversity for PUCCH format 3
Agenda Item:
7.2.1.4
Document for:
Discussion and Decision
1. Introduction

At RAN WG1 #66, guidelines were concluded on the selection of transmit diversity schemes for PUCCH format 3. These are

· PUCCH overhead as close as possible to single antenna case
· Performance significantly improved compared to single antenna and as close as possible SORTD
· Minimize the specification impact

· Consider cases with and without antenna gain imbalance 

· Take inter-cell interference into account

· Consider both normal and extended CP

As transmit diversity for PUCCH format 3 in form of SORTD was adopted already in Rel.10 but with the expense of two resources per UE, the Rel.11 work should aim at a resource overhead as close as possible to the single antenna case while maintaining the performance as close as possible to SORTD with a minimal of specification impact. 

There are some alternative descriptions of the FSTD scheme for dual RM encoders in previous contributions; some of them give no antenna diversity for the dual RM encoder. Therefore we describe FSTD that provides antenna and frequency diversity in the next section. In Section 3 we provide simulation results where FSTD and one Alamouti based scheme [2] is compared with the single antenna scheme which has the same multiplexing capacity for data symbols. Also the Rel.10 SORTD scheme is included for reference.   

2. The FSTD scheme for dual RM PUCCH Format 3

In Rel.10 discussions on transmit diversity for PUCCH format 3, frequency shift transmit diversity (FSTD) was proposed [1] as it has the same resource utilization as the single antenna case, provided that an orthogonal cover is introduced on the format 3 reference signals for dual antenna support. For dual RM encoder, a somewhat different approach is required to ensure that each codeword is mapped to both antennas and both slots see Figure 1.  See also Appendix A for a description of FSTD. 
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Figure 1 Flow chart of FSTD for PUCCH format 3. See also Appendix A.

3. Performance Evaluation

We have performed and initial evaluation of the performance of two transmit diversity scheme proposals under the assumption of realistic channel and realistic noise plus interference covariance matrix estimation. The analyzed transmit diversity schemes are FSTD and a Alamouti-based scheme where the Alamouti encoding is performed before the DFT precoding [2]. A normal PUCCH detector has been used, that is channel estimation and IRC followed by ML decoding. Further simulation assumptions are provided in Appendix B. 

The required operating SNR for these different schemes are determined based on the following performance requirements:

· 
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· Pr(NAK or DTX bits → ACK bits) ≤ 10‒3
· Pr(ACK bits → NAK bits or DTX) ≤ 10‒2
The receiver detection threshold are set such that Pr(PUCCH DTX → ACK bits) = 10‒2. The operating SNRs is taken as the larger of those required for achieving Pr(ACK bits → NAK bits or DTX) = 10‒2 and Pr(NAK or DTX bits → ACK bits) = 10‒3. The performances of the transmit diversity schemes in a noise limited environment are summarized in Figure 2 below where it can be seen that all schemes have a significant advantage compared to the single antenna scheme.  Figure 3 shows the interference limited scenario using an IRC receiver and there is also in this case more than 1 dB gain compared to the single antenna case.
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Figure 2 Required SNR to meet requirements in an ETU channel for the noise limited scenario

[image: image4.emf]4 6 8 10 12 14 16

-6

-4

-2

0

2

4

6

8

5 MHz, etu@3 km/h, 2UEs, C/I = 0 dB, Two UE

Number of payload bits

Required SNR in dB

 

 

1 Tx

SORTD

FSTD

STBC


Figure 3 Required SNR to meet requirements in an ETU channel for the interference limited scenario. Single interfering inter-cell UE, C/I=0dB.

4. Trade-off analysis

The applicable scenario for Rel.11 PUCCH transmit diversity is to enhance the coverage for cell edge users or to reduce the transmit power the UE which will impact on the battery consumption and interference. Note that a cell edge user may be either noise or interference limited. The benefits of the proposed scheme is an enhanced performance compared to single antenna transmission with the same resource overhead as the single antenna case and thus significantly reduced compared to Rel.10 PUCCH transmit diversity.

There are no issues with backward compatibility and the main RAN WG workload for introducing a new Rel.11 PUCCH transmit diversity scheme is on RAN1 and RAN4:

· For RAN WG 1, defining the detailed scheme in specifications. 

· For RAN WG 2, specifying the RRC signaling for configuration.

· For RAN WG 4, new performance requirements.

5. Conclusions

In this contribution an initial analysis of transmit diversity for PUCCH Format 3 has been provided. In both the noise free and interference limited environments it is observed that resource efficient transmit diversity schemes can significantly improve the performance compared to single antenna transmission. 

It is therefore suggested that transmit diversity with the same data multiplexing capacity as the single antenna case (i.e. one orthogonal cover code) should be supported for PUCCH Format 3. 

Further analysis should include additional scenarios as indicated in the guidelines from meeting #66 and additional schemes, to finalize the details of the new transmit diversity scheme. 
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6. Appendix A

Here follows a description of FSTD using the terminology of TS 36.211: 

The complex-value symbols for each antenna port 
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where 
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The resources used for FSTD transmission are 
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7. Appendix B 

Table 1 Link evaluation assumptions.
	Parameters
	Value

	carrier frequency
	2.0 GHz

	bandwidth,
channel model,

UE speed (km/hr)
	5 MHz, ETU, 3 km/hr

	frequency hopping
	at slot boundary

	antenna setup
	xT2R, x=1, 2

	RX antenna correlation
	Uncorrelated

	CP type
	normal CP

	number of UEs
	1 or 2

	Transmission scheme of interfering UE
	PUCCH Format 3 using same TxD scheme as desired UE

	number of PRB for PUCCH
	1

	Noise + interference covariance estimation
	Realistic using DMRS

	Channel estimation
	Realistic

	RX false alarm detection threshold
	Set such that Pr(PUCCH DTX → ACK bits) = 10‒2
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