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1 Introduction
In RAN1 #58, it has been agreed that spatial orthogonal-resource transmit diversity (SORTD) should be supported for PUCCH format 1/1a/1b transmission. But there is no agreement on any transmit diversity scheme for PUCCH Format 2 so far and it is left for further study. 
In last two meetings, some multi-antenna transmit diversity schemes and coding schemes were proposed for PUCCH format 2 in LTE-A, such as space orthogonal resource transmit diversity (SORTD)[1~3], space orthogonal resource spatial multiplexing (SORSM)[1~3]，space time block code(STBC)[4]，space code block code(SCBC) [5]etc. It seems that the ORT (Orthogonal Resource Transmission) based schemes are preferred by most companies, especially for the transmission of large payload size.

In this contribution, the performance of PUCCH format 2 with SORSM is analyzed. We propose adopting SORSM as the multiple antennas transmission scheme for PUCCH format 2 in LTE-A in conjunction with alternative coding schemes.
2 Consideration on multi-antenna transmission for PUCCH Format 2 

On the basis of the ORT, mainly two schemes are suggested: SORTD (also called SORTD with repetition) and SORSM (also called SORTD with joint coding).
A diagram of the SORTD transmission scheme for multi-antenna PUCCH format 2 with Reed-Muller coding to transmit small number of raw CQI bits is illustrated in Fig.1. The raw CQI bits are encoded with the Rel-8 RM(20,A) code and then the same coded bits are transmitted on different space orthogonal resources.


[image: image1.emf]CQI Bits:

b0, b1, 

…

, bA

Coded Bits:

c0, c1, c2, …, c19

RM(20,A)code

Bits Sent from Ant1:

c0, c1, c2, 

…

, c19

Bits Sent from Ant2:

c0, c1, c2, …, c19

Ant1

Ant2


Fig.1  The SORTD scheme With RM(20,O) for small number of CQI bits 

A diagram of the SORSM transmission scheme for multi-antenna PUCCH format 2 with the TBCC coding to transmit large number of  raw CQI bits is shown in Fig.2. Compared with SORTD scheme, the output bits of SORSM after TBCC coding increase to 40 as different coded bits are transmitted on different space orthogonal resources.
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Fig.2  The SORSM scheme With 1/3 TBCC for large  number of CQI bits

Currently, the SORSM with TBCC was proposed in many contributions for multi-antenna PUCCH format 2 transmission with large payload size, meanwhile for the small payload size transmission, SORTD is suggested with a simple extension of rel-8.
In this contribution, we propose to extend the current RM code to (40,O) structure. The matrix can be generated through rate matching algorithm based on Rel-8 RM (32,O). With this extended coding structure, the number of the output coded bits reaches up to 40.  At the same time, the SORSM could be also used for small payload size. SORSM introduces additional coding gain on top of diversity gain. Thus the performance of the proposed scheme is expected to be better than the SORTD with repetition. From the simulation results illustrated in the annex, it is observed that the SORSM transmission with the proposed extended RM outperforms SORTD transmission even in case of the small payload size. It can also be seen from the results that as the payload size increases, the performance gap also increases.
On the other hand, the effect of AGI (Antenna Gain Imbalance) to SORSM is also considered in the simulations. From our simulation results shown in Fig 4, we can see that even with AGI, the performance of SORSM is still better than SORTD. And we can also see that the effect of AGI to SORSM increases as the payload size increases. For small payload size, such as 6 bits, the performance gap between with AGI and without AGI is about 0.5dB at BLER=0.01, while it will increase to about 1.2dB for larger payload size, such as 20 bits.
Base on the above analysis and simulation results, we suggest that SORSM is used for multi-antenna PUCCH format 2 transmission in conjunction with different coding schemes, i.e. for small payload size the extended RM coding is used while TBCC coding is used for large payload size. 

The proposed method is illustrated as Fig.3. If the number of CQI bit less than or equal to K, the extended RM coding is used. Otherwise, the TBCC coding is used.  The coded bits are  transmitted at different antennas with different orthogonal resources. The exact value of K can be FFS. 
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Fig.3 The proposed multi-antenna transmission for PUCCH Format 2
3 Conclusion
In this contribution, we discuss multi-antenna transmission diversity and coding schemes for PUCCH format 2 in LTE-A. From our analysis and simulation, we suggest that SORSM is used for multi-antenna PUCCH format 2 transmission in LTE-A, in conjunction with different coding schemes according to the CQI payload size. The detailed coding scheme can be FFS.
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5 Annex
The link level simulation parameters for PUCCH format 2 are listed in Table 1.
Table 1 Simulation Parameters
	System bandwidth
	5MHz

	Carrier Frequency
	2.0GHz

	PUCCH formats
	2

	Slot format
	Normal CP (7 symbols per slot)

	Channel model
	TU

	UE speed
	3km/h

	Antenna configuration
	1x2 for SIMO, 2x2 for SORTD and SORSM


	Antenna correlation
	0 

	Frequency hopping between slot 
	Enabled

	Channel estimation
	Practical

	Number of CQI bits
	6,11,16,20

	Encoder
	SORSM: Extended (40, O) RM code for small payload size, 
        TBCC with R=1/3 for large payload size.
SORTD : Rel-8 (20,O) RM code
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Fig. 4 BLER of PUCCH format 2 for small payload size
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Fig. 5 BLER of PUCCH format 2 for large payload size
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