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1. Introduction

In [1] there are a couple of agreements for multi-antenna transmission on PUCCH format 1/1a/1b but no agreements regarding to PUCCH Format 2/2a/2b. In this paper we investigate the performance of different TxD methods for PUCCH Format 2/2a/2b considering Rel-8 CQI size.
2. Tx diversity methods for PUCCH Format 2 
This chapter discusses potential diversity methods for Format 2/2a/2b considering Rel 8 CQI payload
2.1 Space Orthogonal-Resource Transmit Diversity (SORTD)
In SORTD, the same modulated symbol is transmitted on different cyclic shifts from different antennas.  The drawback of SORTD is reduced multiplexing capacity because two cyclic shift resources needed.
2.2 Space-Time Block Coding (STBC)
The Space-Time Block Coding (STBC) applied between the consecutive SC-FDMA symbols can be operated with a single cyclic shift resource by applying orthogonal cover code over RS symbols.  However, it can not support Format 2a or 2b since Ack/Nack information is modulated between RS blocks.  Furthermore, two cyclic shift resources are needed for extended CP case.  
The spatial diversity cannot be fully obtained because of odd number of data symbols in a slot. In the simulations, slot-level precoder vector switching is used for the remaining last symbols of a slot.
It is discussed in [2,3] that STBC can operated with a single cyclic sift resource if frequency hopping is disabled.  The drawback of   frequency hopping   removal is PUCCH resource waste  because new non-frequency hopped PUCCH region needs to defined [4].   Furthermore, frequency  diversity is beneficial in the condition of low angular spread where the space diversity in not available.
2.3 Slot level Precoder Vector Switching (Slot-PVS)

In slot level PVS all symbols are rotated by antenna- and slot specific phase.  Method can be operated with single cyclic shift resource with all PUCCH formats.  It does not need any standardization because it is fully transparent for the eNodeB.  The drawback is low order diversity.
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Figure 1. Principle of slot level PVS
2.4 Symbol level Precoder Vector Switching (Symbol-PVS)
Data symbols are rotated with Tx antenna and symbol– specific phase. Exemplary phase pattern is given in Figure 2.  Similarly as STBC, also symbol –level PVS can be operated with a single cyclic shift resource with Format 2 while two cyclic shift resources needed for extended CP and Format 2a /2b . 
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Figure 2. Principle of symbol level PVS
3. Performance Comparison
In this chapter we investigate the performance of different TxD methods for Release 8 CQI payload.  Multi-user simulations have been carried out with 6 UEs/PRB.  
Table 1 summarizes the main parameters used in the link simulations. The results have been obtained assuming practical receiver and realistic channel estimation algorithms. Slot-based frequency hopping and ITU Urban Macro channel with UE speed of  3 km/h were assumed. 

Table 1. Simulation parameters

	Channel
	ITU Urban Macro (3 km/h and 250 km/h)

	Antenna separation 
	0.5 lambda in EU and 4 lambda in BS

	PUCCH Format
	2a

	Channel code
	Rel 8 Block Code 

	Receiver 
	MRC 

	Modulation
	QPSK

	Transmission bandwidth
	180 kHz

	Frequency hopping
	At slot boundary

	Number of UEs
	6

	Number of information bits
	4

	Antenna Unbalance 
	0 dB (balanced antennas)


Figure 3 and Figure 4 show the 4-bit CQI performance at UE speeds of 3 km/h and 250 km/h respectively. Results show that SORTD gives the best performance when BLER is lower than 5 %.   The main reason behind the performance difference is the fact that SORTD provides full symbol level Tx diversity.  When BLER is higher than 5 %, the best performance can be obtained with single antenna transmission or slot level PVS. The symbol level PVS and STBC have roughly similar performance in low UE speed but STBC suffers at high UE speed due to reduced channel tracking capability in time.  Furthermore, the gain from symbol level PVS or STBC over slot level PVS or single antenna transmission is quite marginal and exists only when BLER is lower than 2 %.   
We do not see any need to standardize STBC or symbol level PVS because they provide only marginal gain versus cyclic shift resource consumption (excluding Format 2 with normal CP).  Instead, we see that SORTD would be natural performance enhancement for Format 2 because it provides best performance and is applicable to all formats. 
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Figure 3. 4-Bit CQI link performance, 3 km/h
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Figure 4.  4-Bit CQI link performance, 250 km/h.
4. Conclusion
In this contribution we have discussed the performance of different transmission diversity namely STBC, PVS, SORTD and single antenna fall-back mode   for PUCCH Format 2 taking into account UE speed and multiplexing capacity .  Based on the performance evaluation our proposals are as follows:
· For Rel 8 CQI sizes we propose SORTD and single antenna fall-back mode or slot level PVS

· We do not see any need to standardize STBC or symbol level PVS because 
· Only marginal gain versus cyclic shift resource consumption.  The higher multiplexing capacity compared to SORTD exists only with Format 2 with short cyclic prefix
· The performance of STBC is shown to be sensitive to the UE speed.
· Slot level PVS or fall-back mode can used in the case when capacity is limited due to number of cyclic shift resources
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