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1. Introduction

The following was agreed in RAN1#68bis;
· Multi-Cell Periodic CSI Multiplexing for DL CA is supported in Rel-11

· Based on existing UL channel formats (FFS which one)

· Multi-cell HARQ-ACK and Periodic CSI Multiplexing for DL CA is supported in Rel-11
· A Rel-11 UE that supports PUCCH Format 3 can be configured for simultaneous transmission of multi-cell HARQ-ACK feedback, SR and periodic CSI report for one serving cell on PUCCH Format 3

· For a Rel-11 UE that is configured for Format 1b with channel selection, simultaneous transmission of multi-cell HARQ-ACK feedback and a periodic CSI report on PUCCH Format 2a/2b is FFS
· FFS whether separate coding or joint coding of HARQ-ACK and CSI
This contribution provides our views on the multi-cell periodic CSI multiplexing. It is noted that multiplexing of multi-cell HARQ-ACK and single cell periodic CSI is discussed in our companion contribution [18]. 
2. Format for Multi-Cell Periodic CSI
Based on the discussions so far in [1]-[14], two existing UL channel formats of PUCCH format 3 and PUSCH can be the candidates for multi-cell periodic CSI multiplexing. We discuss them on the following aspects. It is assumed that the number of PRBs for PUSCH is one.
Multiplexing capacity

The maximum multiplexing capacity in a PRB for normal PUCCH format 3 and PUSCH is 5 and 1, respectively. For shortened PUCCH format, the multiplexing capacity of PUCCH format 3 is 4. With SORTD, it becomes 2.5 and 2 for normal and shortened PUCCH format 3, respectively. Therefore, PUCCH format 3 (even with SORTD) is more attractive than PUSCH in terms of the efficiency of the resources.
Transmit diversity

While PUCCH format 3 has a TxD scheme of SORTD to leverage spatial diversity gain, PUSCH does not have it.

Channel coding scheme

With PUCH format 3, (32,O) RM coding is used as channel coding for less than 12 information bits and dual RM coding is used for more than 11 and less than 23 information bits. For PUSCH, TBCC can be used.
Channel estimation performance

The numbers of RS symbols within a slot for channel estimation with PUCCH format 3 and PUSCH are two and one, respectively, in normal CP case. For extended CP, the numbers are same. The more RS symbols can provide the better channel estimation. In consequence, the better channel estimation can be anticipated by PUCCH format 3 than PUSCH in normal CP.

Maximum number of encoded bits and information bits
It is directly linked to channel coding rate. The minimum effective coding rate with 
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 information bits for PUCCH format 3 assuming QPSK modulation is
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 (48bits by RM or dual RM coding * 5 repetitions for CDM multiplexing). For PUSCH, it becomes
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. If we allowed 1/2 coding rate, the number of information bits would be 48 (limited by the maximum coding rate due to repetition coding on SC-FDMA symbols) for PUCCH format 3 and 144 for PUSCH. However, for PUCCH format 3, since the frequency hopping is always applied, at least half coding rate needs to be ensured considering the mapping structure of frequency hopping not to deteriorate BLER performance. Therefore, the substantial maximum number of information bits with PUCCH format 3 becomes 24 with half-coding rate criterion. Moreover, the information bit more than 22 cannot be currently supported by dual RM coding.

Performance comparison of PUCCH format 3 and PUSCH
Figure 1 depicts the simulation results using PUCCH format 3 and PUSCH for multi-cell periodic CSI transmission in terms of required SNR to meet BLER<=1%. Since the PUCCH format 3 always applies band-edge hopping across the slots, the frequency hopping at band edge for PUSCH is also applied for the fair comparisons. Both joint ML (RS+DATA) detection and normal detection are applied for PUCCH format 3 based transmissions and normal decoding is applied for PUSCH transmission. With the simulation results, it is observed and found that;
· PUCCH format 3 with SORTD always outperforms PUSCH in all bit ranges by 1.25dB~4.40dB SNR (with Joint ML detection).
· The multiplexing capacity of PUCCH format 3 with SORTD is 2.5 in a PRB while that of PUSCH is 1 in a PRB.

· In general, PUCCH format 3 with 1Tx is preferred to PUSCH in terms of BLER performance.
· Under ETU 3km/h, PUCCH format 3 with 1Tx using joint ML detector outperforms PUSCH by up to 2.82dB SNR with less than 14 bits. With more than 14 bits, PUSCH is better than PUCCH format 3 with 1Tx using joint ML detector by up to 1.73dB.
· Under EPA 3km/h, PUCCH format 3 with 1Tx using joint ML detector outperforms PUSCH in most bit range less than 20 bits by up to 2.70 dB SNR. For 20 bits, PUSCH is better than PUCCH format 3 with 1Tx using joint ML detector by 0.46 dB SNR.
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(a) ETU 3km/h                                                             (b) EPA 3km/h
Figure 1 Required SNR for multi-cell periodic CSI transmission less than 23 information bits
Based on the above discussions and simulation results, the following is proposed;
Proposal 1: PUCCH format 3 is used for multi-cell periodic CSI multiplexing.

Support of multi-cell periodic CSI transmission more than 22 bits
One merit of PUSCH based approach is that the larger payload size than PUCCH format 3 can be supported. It is our view that supporting up to 22 bits is sufficient in Rel-11. It means that the multi-cell CSI reports at least for more than one serving cell can be transmitted by PUCCH format 3. With two serving cell aggregation which is a typical scenario in carrier aggregation, all CSI reports can be transmitted without dropping.
On the other hands, if we need payload increase more than 22 bits in Rel-11, some possible solutions based on PUCCH format 3 had been proposed. For example, two examples can be found in [16][17]. The first one is to apply tail biting convolutional coding with SORTD [16]. With this scheme, the number of encoded bits can be extended from 48 to 96. By increasing encoded bit space, more information can be conveyed. The other is SF (Spreading Factor)-reduction by controlling the trade-off between multiplexing capacity and payload size [17].
Figure 2 shows the link level simulation results comparing PUCCH format 3 (TBCC+SORTD) [16] and PUSCH from 24 to 44 information bits. It is observed that the TBCC+SORTD using PUCCH format 3 outperforms PUSCH transmission in the given bit range. It is observed that we may be able to extend the payload size with current PUCCH format 3.
[image: image6.png]Required SNR(dB]

ETU 3kmvh, Multi-cell CS transmission, TBCC

@+ F3 SORTD+TBCC.2Tx-2Rx
—E— PUSCH, 1Tx-2Rx.FH ON

25 L L i L L i i i i
24 26 28 30 32 4 36 38 40 42 44

Number of information bits




 [image: image7.png]Required SNR(dB]

05

EPA 3km/h, Multicell CS transmission, TBCC

F3 SORTD+TBCC.2Tx-2Rx
—E— PUSCH,1Tx-2Rx,FH ON
L L L L H H 1 H H

26 28 30 32 34 36 38 40 42 44

Number of information bits




(a) ETU 3km/h                                                          (b) EPA 3km/h
Figure 2 Simulation results – PUCCH format 3 (TBCC+SORTD) vs. PUSCH more than 22 bits
Proposal 2: The payload size more than 22 bits for PUCCH format 3 is not supported in Rel-11. If needed, it can be further studied in future release.
3. General operation
Currently, the parameters for periodic CSI are configured for each serving cell. Therefore, for a UE supporting multi-cell periodic CSI transmission, the relevant parameters can be provided independently for each serving cell. Since whether to use PUCCH format 3 or not is also configured by RRC signaling, multi-cell periodic CSI transmission using PUCCH format 3 needs to be configured by RRC signaling.
Proposal 3: For a UE supporting PUCCH format 3, the multi-cell periodic CSI transmission using PUCCH format 3 is configured by RRC signaling.
If a UE is configured with multi-cell periodic CSI transmission using PUCCH format 3, the explicit resource for PUCCH format 3 rather than for PUCCH format 2 needs to be configured.
Proposal 4: If a UE is configured with multi-cell periodic CSI transmission using PUCCH format 3, the explicit resource for PUCCH format 3 rather than for PUCCH format 2 is configured by RRC signaling.

Since the maximum payload size for PUCCH format 3 with dual RM coding is 22, dropping rules to meet the given payload size are needed in more than 2 serving cell aggregations. It is desirable not to restrict the use case of multi-cell periodic CSI transmission for 2 serving cell aggregations considering the payload capacity of PUCCH format 3. 

Proposal 5: The dropping rule of periodic CSI for the serving cells is applied according to the maximum payload size for PUCCH format 3 (e.g. 22 bits) rather than the number of configured or activated serving cells.

For dropping rule, we suggest to reuse the simplest and the existing rule as in Rel-10 to decide the CSI dropping as follows;
Proposal 6: The following rule is applied for multi-cell periodic CSI transmission using PUCCH format 3;
· If the aggregating periodic CSI information bits in a subframe are not more than 22, all the multi-cell periodic CSIs are aggregated and transmitted using PUCCH format 3.
· Otherwise (i.e. A>22), the multi-cell periodic CSIs are selected such that the aggregated multi-cell periodic CSI payload is the greatest number not more than 22 bits. The DL CC priority and CSI reporting type priority are given as below (same as Rel-10);

· Priorities between DL CCs based on reporting mode/type
· 1st (=Top) priority: Types 3, 5, 6, 2a
· 2nd priority: Types 2, 2b, 2c, 4
· 3rd priority: Types 1, 1a
· The CQI/PMI/RI reporting priorities among the serving cells with the same reporting mode/types are determined based on the serving cell indices, i.e. ServCellIndex. Priority of a cell decreases as the corresponding serving cell index increases.
4. Power control aspect
In this section, we study the validity of the current power control formula when the multi-cell periodic CSI is transmitted using PUCCH format 3.

The setting of the UE transmit power 
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for the physical uplink control channel (PUCCH) transmission in subframe i is defined by
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where
· The parameter 
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 is provided by higher layers. Each 
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 value corresponds to a PUCCH format (F) relative to PUCCH format 1a, where 
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 is defined for PUCCH format 1, 1b, 2, 2a, 2b, 3, and format 1b with channel selection in TS36.331.
· If the UE is configured by higher layers to transmit PUCCH on two antenna ports, the value of 
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is provided by higher layers.
· For PUCCH format 3,
· For PUCCH format 3 
· If the UE is configured by higher layers to transmit PUCCH on two antenna ports, or if the UE transmits more than 11 bits of HARQ-ACK/SR 
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Figure 6 and Figure 7 in Annex A show the link level simulation results for HARQ-ACK and periodic CSI using PUCCH format 3, respectively. Based on the link level simulation results, we investigate the power control aspects for PUCCH format 3.
Figure 3 depicts the curve fitting applying the perfect values of 
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 with reference to PUCCH format 1a. The legends for each curve are not displayed for convenience. From the link curves, it is found that the slope does not need to be changed from the current h(.). On the other hands, the required SNR for periodic CSI is lower than that for HARQ-ACK with PUCCH format 3 with the same payload size. However, since the 
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 is configured for each PUCCH format, it needs to compensate the mismatch which would result in overshooting the transmit power for periodic CSI using PUCCH format 3.
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(a) 1Tx and single RM                                                   (2) 2Tx or dual RM
Figure 3 Link curves normalized to PUCCH format 1a applying the perfect values of 
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Two possible solutions are provided. Alt 1 is that a different RRC parameter for periodic CSI transmission using PUCCH format 3 (called deltaF-PUCCH-Format3-PCSI-r11 here) is defined. Alt 2 is that the compensation is performed in h(.). 
Alt 1 needs to be defined in TS36.331. An example is given as follows;

UplinkPowerControlCommon-v1020 ::=
SEQUENCE {


deltaF-PUCCH-Format3-PCSI-r11



ENUMERATED {deltaF-2,deltaF-1,deltaF0,deltaF1},

}
It is assumed that the parameter deltaF-PUCCH-Format3-PCSI-r11 is used in addition to deltaF-PUCCH-Format3-r10.
Figure 4 depicts the curve fitting results by new RRC parameter with deltaF-1. It is observed that the proper power control can be made with this.
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(a) 1Tx and single RM                                                   (2) 2Tx or dual RM
Figure 4 Curve fitting by new RRC parameter of deltaF-PUCCH-Format3-PCSI-r11 with deltaF-1
Alt 2 needs to be defined in TS36.213. An example is shown as follows;

· If 1Tx and single RM is used,

· 
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· Otherwise (i.e. if 2Tx or dual RM is used),

· 
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where 
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is a 1-bit parameter provided by higher layers if 
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It is noted that the function of h(.) does not need to be modified in case that HARQ-ACK and CSI are multiplexed on PUCCH format 3 [18]. Therefore, the above can be a common solution for all usage cases using PUCCH forma 3.
Figure 5 depicts the curve fitting results by 
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 in h(.). It is observed that the proper power control can be made with this.
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(a) 1Tx and single RM                                                   (2) 2Tx or dual RM
Figure 5 Curve fitting by 
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Based on the analyses, it is observed that two alternatives above can operate well. Since the parameter 
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 is given according to the PUCCH format, changing h(.) would be more proper as a common solution. Therefore, Alt 2 is proposed.
Proposal 7: The followings are proposed for power control using PUCCH format 3.
· If 1Tx and single RM is used,

· 
[image: image35.wmf](

)

2

1

)

,

,

(

-

+

+

+

=

SR

CQI

HARQ

SR

HARQ

CQI

n

n

n

n

n

n

h

a


· Otherwise (i.e. if 2Tx or dual RM is used),

· 
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where 
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5. Conclusions

In this contribution, we discussed the several aspects on multi-cell periodic CSI transmission. Based on the discussion and simulation results, our proposals are summarized below;
Proposal 1: PUCCH format 3 is used for multi-cell periodic CSI multiplexing.
Proposal 2: The payload size more than 22 bits for PUCCH format 3 is not supported in Rel-11. If needed, it can be further studied in future release.
Proposal 3: For a UE supporting PUCCH format 3, the multi-cell periodic CSI transmission using PUCCH format 3 is configured by RRC signaling.

Proposal 4: If a UE is configured with multi-cell periodic CSI transmission using PUCCH format 3, the explicit resource for PUCCH format 3 rather than for PUCCH format 2 is configured by RRC signaling.

Proposal 5: The dropping rule of periodic CSI for the serving cells is applied according to the maximum payload size for PUCCH format 3 (e.g. 22 bits) rather than the number of configured or activated serving cells.
Proposal 6: The following rule is applied for multi-cell periodic CSI transmission using PUCCH format 3;

· If the aggregating periodic CSI information bits in a subframe are not more than the maximum payload size for PUCCH format 3 (e.g. A<=22 bits), all the multi-cell periodic CSIs are aggregated and transmitted using PUCCH format 3.

· Otherwise (e.g. A>22), the multi-cell periodic CSIs are selected such that the aggregated multi-cell periodic CSI payload is the greatest number not more than 22 bits. The DL CC priority and CSI reporting type priority are given as below (same as Rel-10);

· Priorities between DL CCs based on reporting mode/type
· 1st (=Top) priority: Types 3, 5, 6, 2a
· 2nd priority: Types 2, 2b, 2c, 4
· 3rd priority: Types 1, 1a
· The CQI/PMI/RI reporting priorities among the serving cells with the same reporting mode/types are determined based on the serving cell indices, i.e. ServCellIndex. Priority of a cell decreases as the corresponding serving cell index increases.
Proposal 7: The followings are proposed for power control using PUCCH format 3.
· If 1Tx and single RM is used,

· 
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· Otherwise (i.e. if 2Tx or dual RM is used),

· 
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Annex A. Link level simulation results for PUCCH format 3 (HARQ-ACK and P-CSI)
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Figure 6 Link level simulation results for HARQ-ACK using PUCCH format 3 – such that Pr(DTX(ACK)<=1%, Pr(ACK(NACK/DTX)<=1%, and Pr(NACK(ACK)<=0.1%
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Figure 7 Link level simulation results for periodic CSI using PUCCH format 3 – such that BLER<=1%
Annex B. Simulation parameters
Pr(DTX(ACK) for HARQ-ACK is defined as follows;
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Table 1 Simulation parameters
	Parameters
	Value

	Carrier frequency
	2GHz

	System bandwidth
	5MHz

	Channel model
	ETU, EPA

	Velocity
	3km/h

	Frequency hopping
	At slot boundary

	Antenna set up
	1Tx-2Rx, 2Tx-2Rx

	Tx/Rx antenna correlation
	Uncorrelated

	Receiver type
	Joint ML detector (RS+DATA), Normal detector

	Channel estimation
	Practical

	CP type
	Normal CP

	Signal bandwidth
	180kHz

	Noise estimation
	Ideal

	Number of UEs
	1

	Frequency hopping at band edge
	Applied for both PUCCH format 3 and PUSCH

	Number of PRBs for PUCCH and PUSCH
	1

	A/N bits
	[2:2:20]

	CSI bits
	[4:2:20], [24:2:44]

	Formats
	PUCCH format 3, PUSCH

	Channel coding
	(32,O) RM, dual RM, TBCC

	Channel coding for multi-cell periodic CSI
	Joint coding

	Required SNR for HARQ-ACK
	Such that Pr(DTX(ACK)<=1%, Pr(ACK(ACK/NACK)<=1%, Pr(NACK(ACK)<=0.1%

	Required SNR for multi-cell periodic CSI
	BLER<=1%


[image: image48.jpg]



_1360665936.unknown

_1405344086.unknown

_1405348289.unknown

_1405549355.unknown

_1405549387.unknown

_1405549419.unknown

_1405348351.unknown

_1405549215.unknown

_1405344161.unknown

_1405347577.unknown

_1405021409.unknown

_1405021429.unknown

_1405021269.unknown

_1374873577.unknown

_1272189234.unknown

_1352545835.unknown

_1352545334.unknown

_1272189216.unknown

