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1. Introduction  
In previous meetings, a lot of contributions are focused on transmit diversity schemes for PUCCH format 2/2a/2b. The discussion fell into two main areas, one is the transmission scheme to support PUCCH format 2 with Rel-8 payload size, the other is to support increased payload size in LTE-A.

In this contribution, we will show our views for these issues. Simulations results for different alternatives are also presented.
This contribution is a resubmission of R1-100962
2. TxD scheme for Rel-8 payload size
There are mainly two candidates for format 2/2a/2b with Rel-8 payload size: SORTD vs STBC. Both schemes have their pros and cons. We prefer SORTD because of the followings:

1. Not negligible performance gain of SORTD over STBC is observed from simulations (shown below) in all scenarios, with or without frequency hopping, OCC, for both low speed and high speed.

2. Commonality with PUCCH format 1/1a/1b.

3. The resource consumption of SORTD is not a big issue compare to STBC. The main advantage of STBC claimed reduced resource overhead. However, in this case, the use of time domain orthogonal cover code (OCC) over the two RS symbols within each slot is necessary. With the introduction of time domain OCC, performance at high speed degrades severely. In order to guarantee the performance at high speed, two orthogonal resources for the RS in two antennas may be needed, and then the merit of resource reduction may vanish. However, as shown in our simulation results, performance using two orthogonal RS is still worse than SORTD. 
Figure 1 gives the performance comparison of SORTD and STBC with different payload size. The simulation parameters are listed in Table-2 in the Annex. From the simulation results, we can see that:

For low speed scenarios,

1. When slot-based frequency hopping is enabled, SORTD outperforms STBC about 0.5~0.7dB at BLER = 0.01 for 10 and 5 CQI bits respectively. 
2. When slot-based frequency hopping is disabled, SORTD still has better performance than STBC, the performance gap shrinks to about 0.3~0.4dB.
3. The performance of STBC with OCC and STBC with two orthogonal RS is similar.
For high speed scenarios,

1. SORTD is robust to high speed.
2. The performance of STBC degrades severely when OCC is used, and the performance loss compared to SORTD increases as the CQI payload size increases. The performance gap is about 2dB and 4dB for 5 and 10 CQI bits respectively.
3. If slot-based frequency hopping is disabled, the performance of STBC improves. But there is still 1.8~2.2dB performance loss compared to SORTD.
4. Even when two orthogonal resources are used for two antennas, the performance of STBC is still worse than SORTD.
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Figure-1 CQI performance of different transmit diversity scheme for Rel-8 payload

Therefore, we suggest that SORTD should also be used as the transmit diversity scheme for PUCCH format 2/2a/2b with Rel-8 payload size. 

Note that the SORTD can have two forms, namely SORTD with repetition coding and SORTD with joint coding (also known as SORSM in other contributions). In our previous contribution [5], SORTD with joint coding (using extended RM code) outperforms SORTD with repetition coding for the Rel-8 payload size. Therefore, SORTD with joint coding is more attractive from the performance point of view.

3. TxD scheme for increased payload size

At the current stage, the need of increased payload size is still under investigation, we think RAN1 should consider the TxD scheme for larger payload size as well. In this section, three schemes capable of transmitting increased payload size are compared.
Alternative#1: SCBC + MSM, as proposed in [1].

Alternative#2: SCBC + resource selection, as proposed in [2]

Alternative#3: SORTD with joint coding (also known as SORSM), as proposed in [4] [5].

The comparison of the three alternatives is listed in Table-1. Similar comparison could also be found in [2].
Table-1 comparison of three alternatives for increased payload
	
	SCBC + MSM
	SCBC + resource selection
	SORTD with joint coding

	Compatibility to Rel-8
	compatible
	compatible
	compatible

	Cubic metric
	High
	Same as Rel-8 PUCCH
	Same as Rel-8 PUCCH

	Number of resources for two transmit antenna(s)
	2
	2
	2

	Coding rate (A: information bits)
	A/40
	A/40
	A/40

	BLER performance
	Best
	Worst
	Good


4. Simulation parameters and results 
In this section, we evaluate the BLER performance of the three alternatives.

Simulation parameters are listed in Tabl-3 in the annex and simulation results are shown in Figure-3.
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Figure-3 CQI performance of different transmit diversity scheme for increased payload
From the simulation results, we can observe that:

1. Without antenna gain imbalance (AGI), the performance of SCBC+MSM and SORTD with joint coding (denoted as SORSM in the figure) is similar, and both are better than SCBC + Resource selection (denoted as SCBC+RS in the figure). The performance gap between SCBC+MSM/SORSM and SCBC+RS is almost 2dB at BLER = 0.01. Therefore, from the performance point of view, SCBC+RS may not an attractive candidate scheme for large payload size.
2. With AGI, SCBC+MSM and SCBC+RS have less degradation than SORSM. In this scenario SORSM perform better than SCBC+RS, but worse than SCBC+MSM. But considering the increased complexity at both the transmitter and the receiver, as well as the increased CM, it is difficult to justify the adoption of SCBC+MSM. Also, from the perspective of unified solution for multi-antenna PUCCH format 2 transmission schemes, if SORTD is adopted for Rel-8 payload size, then it is natural that SORTD with joint coding (SORSM) also be adopted as the most suitable candidate scheme for increased payload
5. Conclusions

In this contribution, we discussion the transmit diversity scheme both for Rel-8 payload size and increased payload size. In conclusion, we suggest that SORTD or SORTD with joint coding is used for multi-antenna PUCCH format 2/2a/2b transmission in LTE-A, in conjunction with different coding schemes depending on the CQI payload size.
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Annex

Table 2 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, 250km/h

	Antenna configuration
	2x2 

	Frequency hopping between slot 
	Enabled/Disable

	Channel estimation
	Practical

	TxD scheme
	For Rel-8 payload size: SORTD, STBC, SORSM,

For increased payload size: SCBC+MSM, SORSM, SCBC+RS

	Channel coding
	For Rel-8 payload size:

RM(20,A) for SORTD and STBC, 

For increased payload size:

R=1/3 TBCC specified in TS36.212 5.1.3.1
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