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1. Introduction

It might be necessary to increase payload for PUCCH format 2/2a/2b due to CoMP, carrier aggregation, high order MIMO, and enhanced feedback. There had been some discussions on payload increase for PUCCH format 2/2a/2b [1][2][3][4][5]. This contribution discusses several candidates for payload increase on PUCCH format 2/2a/2b based on the analyses of CQI BLER performances as well as cubic metric. It is noted that we limited the options discussed which satisfy the backward compatibility with Rel-8 UEs.
2. Candidates on Payload Increase
(1) Alternative channel coding scheme
The current RM based channel coding for PUCCH format 2/2a/2b supports up to 11bit-payload in normal CP case [6]. A natural way to increase payload would be to use TBCC (Tail Biting Convolutional Coding) since it has been already employed in Rel-8 PUSCH in larger payload size than 11 bits. It means that it can be reused without any modification in the specification as it is to increase payload size. TBCC can be also used together with the other candidates in this contribution in order to provide more channel coding gain. 
For two transmit antennas, the performance can be further enhanced by SORTD (Space-Orthogonal Resource Transmit Diversity) [7].
(2) MSM (Multi-Sequence Modulation) [1]
The payload can be increased by using two resources in a UE as seen in Figure 1. By extending encoded bits from 20bits to 40bits which can exploit more channel coding gain, the BLER performance as well as CQI/PMI/RI payload can be significantly enhanced by MSM approach. TBCC can be also applied for channel coding for this. However, the CM is somewhat degraded by 0.85~1.22dB compared to that in Rel-8 PUCCH although the CM can be reduced by means of precoding approach (eg. see the evaluation results in Chapter 3).
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Figure 1 MSM transmission (captured from [1])
For two transmit antennas, the performance can be further enhanced by SCBC (Space-Code Block Code) [1]. The SCBC can be expressed as Figure 2. 
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Figure 2 SCBC [1]
This approach matches well with MSM, which can obtain the full spatial diversity gain. Basically, the optimal performance from SCBC can be expected by occupying common PRBs for two resources. However, the different PRBs might be also able to be used as long as the locations of two assigned PRBs are close enough, which can be regarded as coherent bandwidth. In addition, this may not be an issue since the assigned resources for PUCCH format 2/2a/2b are provided by RRC signalling.
(3) Resource selection [1][2]

Another approach of resource selection with keeping single carrier property can be considered, in which it is a subset of MSM described in section (2) above. The QPSK based resource selection which results in 30 encoded bits had been proposed in [2]. This approach can maintain the single carrier property as same as that of Rel-8 PUCCH. Also, the more channel coding gain than pure Rel-8 structure can be expected by increased encoded bits. In principle, the resource selection could be a subset of MSM discussed above. TBCC can be also applied for channel coding for this. It was also mentioned that the higher order modulation such as 8PSK can be used to increase encoded bits. Therefore, we propose the 8PSK based constellation mapping for 40 encoded bits to increase channel coding gain in consideration on Euclidean distance between constellation points as seen in Table 1. The basic description is illustrated in Figure 3.
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Figure 3 Resource selection [2]
Table 1 Proposed 8PSK based resource selection mapping
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For two transmit antennas, the performance can be further enhanced by SCBC. In case of resource selection, the Figure 2 can be revised into Figure 4 since either s1 or s2 by two resources is always zero, which is similar form to SORM. 
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Figure 4 SCBC for resource selection
(4) SORM (Spatial Orthogonal Resource Multiplexing) [3][4][5]
With two transmit antennas, it is possible to increase encoded bits from 20 to 40bits without loss of cubic metric by means of spatial-resource orthogonal transmission [3][4][5]. After joint coding, the encoded bits are divided to different orthogonal resources. TBCC can be also applied for channel coding for this. The signals from each resource are transmitted by each antenna in an orthogonal manner similar to SORTD. The main difference between them would be whether the same or different modulated symbols are transmitted. The channel coding gain can be more obtained by layer permutation. By using this, however, there is no solution with single antenna and somewhat performance degradation will be expected as in larger payload compared to SCBC with MSM/resource selection due to limited channel coding gain (eg. see the evaluation results in Chapter 3).
Finally we summarized the above comparison as seen in Table 2.

Table 2 Comparison of alternatives for payload increase
	
	Alternative channel coding (eg. TBCC)
	Precoded MSM [1]
	QPSK based resource selection [2]
	8PSK based resource selection
	SORM [3][4][5]

	Compatibility to Rel-8
	Compatible
	Compatible
	Compatible
	Compatible
	Compatible

	Cubic metric
(see Chapter 3)
	Same as Rel-8 PUCCH
	Higher than Rel-8 PUCCH (0.85~1.22dB)
	Same as Rel-8 PUCCH
	Same as Rel-8 PUCCH
	Same as Rel-8 PUCCH

	Number of resources for single/two transmit antenna(s)
	1/2
	2/2
	2/2
	2/2
	NA/2*

	Coding rate (A: information bits)
	A/20
	A/40
	A/30
	A/40
	A/40

	Transmit diversity
	SORTD
	SCBC
	SCBC
	SCBC
	SORM

	BLER performance

(see Chapter 3)
	Poor
	Excellent
	Good
	Excellent
	Good


* No single antenna transmission scheme for SORM
3. Simulation Results
(1) CM analyses
The CM was calculated during a subframe including CP attachment. The Rel-8 CG (Computer Generated) sequence was used for evaluation and all the possible cyclic shifts and base sequences had been evaluated. The random encoded bits and slot-level hopping were considered to evaluate it. We follow the notation for “d” as described in [1], that is d=1 means consecutive shifts and d=2 means that there is one guard shift between signals. The resource selection and SORM have the same CM values regardless of ‘d’ value. The evaluation results are shown in Figure 5 and the 99.9% CM was summarized in Table 1. From the evaluation, we observe that;
· The CM values for alternative channel coding, QPSK/8PSK based resource selection, SORM are same as that of Rel-8 PUCCH.
· Precoded MSM has lower CM value than non-precoded MSM.
· In principle, precoded MSM has higher CM values than Rel-8 PUCCH and other alternatives;

· For d=1, the CM is higher than Rel-8 PUCCH by 0.85dB.
· For d=2, the CM is higher than Rel-8 PUCCH by 1.22dB.
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Figure 5 Cubic metric during a subframe
Table 3 99.9% CM of the alternatives for payload increase
	
	Rel-8 PUSCH
	Rel-8 PUCCH
	MSM, precoded (d=1)
	MSM, precoded (d=2)
	MSM, nonprecoded (d=1)
	MSM, nonprecoded (d=2)
	QPSK/8PSK based resource selection, SORM

	99.9% CM [dB]
	1.60
	1.23
	2.08
	2.45
	2.29
	2.58
	1.23

	Relative CM increase to Rel-8 PUCCH [dB]
	0.37
	0
	0.85
	1.22
	1.06
	1.35
	0


(2) BLER performances
We studied the BLER performances for PUCCH format 2. The ETU channel model is applied to reflect wide band property. The number of multiplexed UEs was three assuming one PRB allocation. Both d=1 and d=delta^PUCCH_shift=2 for MSM were evaluated while the other schemes were evaluated with d= delta^PUCCH_shift=2. The notation of delta^PUCCH_shift was referred by that used in format 1/1a/1b. The details on simulation parameters are listed in Table 4 of Annex. 
Performances for single transmit antenna

The averaged CQI BLERs with single transmit antenna are shown from Figure 6 to Figure 8. For each case, the performances for Rx antenna correlation of 0.0 and 0.9 were illustrated. From the simulation results, we observe that;
· MSM with d=2 and 8PSK based resource selection show the best performances.
· More performance gains in more information bits compared to the others
· MSM with d=2 has more performance gain than 8PSK based resource selection by about 0.5~1dB at 1% BLER.

· The channel coding gain from QPSK based resource selection is limited due to 30 encoded bits, while other candidates have 40 encoded bits.

· MSM with d=1 is suffering from the orthogonality destruction in high frequency selective channel such as ETU.
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(a) Rx corr=0.0                                                                       (b) Rx corr=0.9

Figure 6 12 bit information (single Tx)
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(a) Rx corr=0.0                                                                       (b) Rx corr=0.9

Figure 7 16 bit information (single Tx)
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(a) Rx corr=0.0                                                                       (b) Rx corr=0.9

Figure 8 20 bit information (single Tx)
Performances for two transmit antennas
The averaged CQI BLERs with single transmit antenna are shown from Figure 9 to Figure 11. For each case, the performances for (Tx, Rx) antenna correlation of (0.0, 0.0) and (0.5, 0.9) were illustrated. From the simulation results, we observe that;

· MSM with d=2 and 8PSK based resource selection show the best performances.

· More performance gains in more information bits compared to the others
· MSM with d=2 has more performance gain than 8PSK based resource selection by about 0.5~1dB at 1% BLER.
· The channel coding gain from QPSK based resource selection is limited due to 30 encoded bits, while other candidates have 40 encoded bits.

· The channel coding gain across layers from SORM is limited according to increase of coding rate (eg. 20bits) while MSM and 8PSK based resource selection can exploit full spatial diversity by SCBC.
· MSM with d=1 is suffering from the orthogonality destruction in high frequency selective channel such as ETU.
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(a) Tx corr=0.0, Rx corr=0.0                                     (b) Tx corr=0.5, Rx corr=0.9

Figure 9 12 bit information (two Txs)
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(a) Tx corr=0.0, Rx corr=0.0                                     (b) Tx corr=0.5, Rx corr=0.9

Figure 10 16 bit information (two Txs)
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(a) Tx corr=0.0, Rx corr=0.0                                     (b) Tx corr=0.5, Rx corr=0.9

Figure 11 20 bit information (two Txs)
4. Conclusions
In this contribution, we studied the alternatives for payload increase in LTE-A based on simulation results for CM and BLER performances. In CM perspective, QPSK/8PSK based resource selection or SORM is a good candidate for payload increase since their CM values are the same as Rel-8 PUCCH. In BLER performance point of view, either the MSM or 8PSK based resource selection with d=delta^PUCCH_shift** is a good candidate for payload increase. The distance, d, of cyclic shifts can be also controlled by RRC signalling or predefined rule. Based on above discussion and simulation results, we draw a following conclusion;
· As a solution for payload increase in PUCCH format 2/2a/2b,
· The 8PSK based resource selection is a good candidate for payload increase in LTE-A considering both CM property and BLER performance.
· The SCBC for two transmit antennas with resource selection is a natural extension which can obtain full spatial diversity gain.
** The notation of delta^PUCCH_shift was referred from PUCCH format 1/1a/1b
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Annex. Simulation Environments
Table 4 Simulation parameters
	Parameters
	Assumptions

	Carrier frequency
	2GHz

	System BW
	5MHz

	CP configuration
	Normal CP

	UE speed
	3km/h

	Channel model
	ETU

	Number of cells
	1

	Number of Tx antennas
	1, 2 (uncorrelated, |ρ|=0.5) 

	Number of Rx antennas
	2 (uncorrelated, |ρ|=0.9) 

	PUCCH format 
	Format 2

	CQI information bits (A) 
	A=12, 16, 20 bits

	Channel coding and rate matching
	TBCC [6]

	Channel estimation
	Practical

	CS hopping/ slot-level hopping
	ON

	Number of PRBs for PUCCH
	1
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