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1
Introduction

In [3]-[8], the use of existing Rel-10 PUCCH Formats such as PUCCH Format 3 for multiplexing of A/N and CSI bits was discussed. This is in order to avoid the dropping of periodic CSI in case of a collision with A/N on the PUCCH. In particular, in [3], it was shown that excessive CSI dropping impacted the PDSCH throughput performance in a non-negligible manner.
In this contribution, we analyze the per-TTI payloads of the Rel-10 periodic CSI reporting modes to see which reporting limitations would exist when the distinct CSI instances of a given periodic CSI reporting mode for a serving cell are multiplexed with a given number of A/N bits. That is to say, we investigate the expected amount of Rel-11 standardization changes for supporting PUCCH Format 3 A/N and CSI multiplexing under the assumption that at most a single periodic CSI report per subframe can be multiplexed with the A/N bits.
2
Feasibility of multiplexing A/N bits and CSI bits using PUCCH Format 3
In Rel-10, the maximum payload size carried by PUCCH Format 3 is 21 bits. This corresponds to 20 A/N bits in TDD plus 1 SR bit where the SR is appended to the A/N bits [2]. Assuming that in Rel-11 FDD CA the maximum payload sizes of A/N information and a periodic CSI report are 10 bits and 11 bits, respectively, the Rel-10 PUCCH Format 3 can in principle be used for multiplexing up to 10 A/N bits (nominally supporting up to 5 DL CCs in FDD) with up to 11 CSI bits in absence of SR, or 10 CSI bits when the SR bit is present.
Table 1 in the Appendix shows the available CSI (CQI/PMI/RI) payload sizes for each of the PUCCH CSI reporting modes [1]. The last column of the table indicates through a flag whether the individual CSI reporting mode and mode state can fit into the PUCCH Format 3 payload when assuming the worst-case of 10 bit A/N bits for FDD.
Table 2 in the Appendix shows the available CSI payload sizes when 10 A/N bits and 1 SR bit are considered. It is assumed that the maximum payload size carried by the PUCCH Format 3 remains 21 bits in Rel-11. If the payload of any CSI reporting instance for a given single serving cell is less than 11 bits, the CSI report can be multiplexed with the up to 10 A/N bits + 1 SR bit on the PUCCH Format 3. However, if the CSI payload is 11 bits (e.g., wideband CQI/PMI for the case of 4 antenna ports with RI > 1), the corresponding CSI report cannot fit on the PUCCH Format 3. As a consequence, the CSI report will then need to be dropped and only the A/N bits and SR bit will be transmitted using the PUCCH Format 3. In Table 2, those CSI reports which cannot be multiplexed with 10 A/N bits and 1 SR bit using the PUCCH Format 3 are highlighted in yellow.
Note that if the maximum payload size carried by PUCCH Format 3 would be extended to 22 bits in Rel-11, the case of 11 CSI bits multiplexed with up to 10 A/N bits plus 1 SR bit on the PUCCH Format 3 any CSI payload size can in principle be supported. For example, this could be done by using a dual (32, 11) RM coding for a total of 22 payload bits. However, it should be remembered that typically we would expect the number of configured DL CCs for a UE to be less than the nominal maximum of 5 CC’s for many cases. Therefore, given that typical A/N payloads would result in fewer A/N bits than the nominal worst case of 10 A/N bits in FDD, the need for introduction of such an extended PUCCH Format 3 appears questionable. A much simpler approach for this not frequently expected case is to apply a dropping rule for the Rel-11 UE in the logic of Rel-10: simultaneous occurrence of 10 A/N bits + 1 SR bit + periodic 11 CSI bits in a subframe is handled by dropping the periodic CSI report on the PUCCH Format 3.
Based on above observations, in general, we recommend for Rel-11 the use of PUCCH Format 3 to support the simultaneous reporting of periodic CSI corresponding to one serving cell and A/N bits (possibly along with SR).
Proposal 1:

Support multiplexing of A/N (for multiple serving cells), the SR and periodic CSI (corresponding to one serving cell) for total aggregate payloads per TTI not in excess of 21 bits using the Rel-10 PUCCH Format 3.

3
Additional design considerations when multiplexing A/N and CSI using PUCCH Format 3
Several additional design aspects for multiplexing A/N and periodic CSI corresponding to one serving cells using the PUCCH Format 3 in a subframe will need to be considered.
Multiple CSI reports corresponding to different serving cells

Although the configuration of concurrent periodic CSI reports corresponding to more than one DL serving cell is under full network control, similar to Rel-10, some collision handling rules are needed for the case two or more CSI reports occur simultaneously in a subframe. If such a case occurs, in Rel-10, the UE transmits a CSI report only for one serving cell. We propose to extend this existing Rel-10 CSI reporting principle for multiplexing A/N bits and CSI bits corresponding to one serving cell using the PUCCH Format 3 in Rel-11.

When there are multiple CSI reports corresponding to more than one serving cell and A/N bits to be transmitted in a subframe, the UE first chooses the CSI report with higher priority.

In Rel-10, for a given subframe, in case of collision of a CSI report with PUCCH reporting type 3, 5, 6, or 2a of one serving cell with a CSI report with PUCCH reporting type 1, 1a, 2, 2b, 2c, or 4 of another serving cell, the first CSI with PUCCH reporting type (3, 5, 6, or 2a) has higher priority and is selected by the UE for transmission. Note that the payload size of a CSI report with PUCCH reporting type 3, 5, 6 or 2a does not exceed 5 bits. Or, in the case of a collision of a CSI report with PUCCH reporting types 2, 2b, 2c, or 4 of a serving cell with the CSI report with PUCCH reporting types 1 or 1a of another serving cell, the first CSI report with PUCCH reporting type 2, 2b, 2c, or 4 has higher priority and is chosen by the UE. For a given subframe, in case of collision between CSI reports corresponding to different serving cells with PUCCH reporting type of the same priority, the CSI of the serving cell with lowest ServCellIndex is chosen.

The UE then multiplexes the prioritized CSI report with the A/N bits onto the PUCCH Format 3 payload while dropping the lower priority CSI report.

Proposal 2:

When collisions of periodic CSI reports corresponding to more than one serving cell occur, apply the Rel-10 principle to select the higher priority PUCCH reporting types for transmission in that subframe.

Priority handling for CSI reports corresponding to one serving cell

This corresponds to the case of collision of a CSI report with a PUCCH reporting type of one serving cell with a CSI report with another PUCCH reporting type of that same serving cell. In this case, the Rel-10 UE chooses the CSI report with higher priority.

In Rel-10, in case of collision of a CSI report with PUCCH reporting types 3, 5, or 6 of one serving cell with a CSI report with PUCCH reporting types 1, 1a, 2, 2a, 2b, 2c, or 4 of the same serving cell, the UE chooses the first CSI report with PUCCH reporting type 3, 5, or 6. Note that the payload size of a CSI report with PUCCH reporting type 3, 5, or 6 does not exceed 5 bits.

The UE then multiplexes the chosen high priority CSI report with the A/N bits on PUCCH, while dropping the latter (lower priority) CSI report.

Proposal 3:

When collisions of a CSI report with a PUCCH reporting type of one serving cell with a CSI report with another PUCCH reporting type of that same serving cell occur, apply the Rel-10 principle to select the higher priority PUCCH reporting types for transmission in that subframe.

A/N detection performance and CSI payload
As shown in [3], a trade-off exists between achievable detection performances for A/N bits versus CSI bits respectively. This is due to the unequal target error requirements for A/N versus CSI. The extent to which the detection performance of the A/N bits is balanced compared to the detection performance of the CSI payload bits is dependent on the relative difference of the payload sizes and the amount of channel coding gains for A/N and CSI. Furthermore, A/N detection performance will decrease in presence of the CSI payload.
Even though Rel-11 should nominally support multiplexing of up to 11 CSI bits together with up to 10 A/N and the SR in a subframe using PUCCH Format 3, we deem it is highly desirable that the network can restrict the cases in which simultaneous reporting of periodic CSI and A/N is supported.

Beyond the point of simply de-activating the simultaneous reporting of periodic CSI and A/N through RRC like in Rel-8 to Rel-10, we recommend considering a CSI payload size restriction to N bits, or a CSI reporting type based restriction when multiplexed onto the PUCCH Format 3.
In the case of a CSI payload sized restriction, if the CSI payload size in a TTI is at most N bits then the CSI report can be multiplexed by the UE with the A/N bits onto the PUCCH Format 3. Otherwise, the CSI report is dropped and only the A/N bits are transmitted. The number of maximum CSI payload bits N is configured through RRC.

In the case of a CSI reporting type based restriction, only if the UE transmits a CSI report with a PUCCH reporting type having high priority (e.g., PUCCH reporting type 3, 5, 6, or 2a) it can multiplex the CSI report with the A/N bits onto the PUCCH Format 3. Otherwise, the CSI report is dropped and the A/N bits only are transmitted on the PUCCH in the given subframe.
Note that limiting the allowed CSI report types for multiplexing of CSI and A/N on PUCCH Format 3 is yet another possible approach.

Similar to Rel-10, we recommend that in all above cases, the allowed maximum (or restricted) CSI payload sizes for multiplexing onto the PUCCH Format 3 when subject to the A/N payload size is determined solely as a function of the number of configured DL serving cells, i.e. the Rel-10 principle of slow-codebook adaptation is preserved.
Proposal 4:

Support for simultaneous periodic CSI and A/N using PUCCH Format 3 should allow for the possibility to restrict the CSI reporting types (or alternatively, the maximum allowed CSI payload size).
4
Conclusions and Recommendations

In this contribution, we investigated the expected amount of Rel-11 standardization changes for supporting PUCCH Format 3 A/N and CSI multiplexing under the assumption that at most a single periodic CSI report per subframe can be multiplexed with the A/N bits.
We recommend the use of PUCCH Format 3 to support the simultaneous reporting of periodic CSI corresponding to one serving cell and A/N bits (possibly along with SR) in Rel-11 and to use the existing Rel-10 principle for collision handling when multiple CSI reports corresponding to different serving cells occur in the same subframe.

Furthermore, we suggest considering a CSI payload size restriction to N bits, or a CSI reporting type based restriction when multiplexed onto the PUCCH Format 3 in order to allow for network control of PUCCH link performance and A/N versus CSI detection performance.

References

[1] TS 36.213 “Physical layer procedure”  

[2] TS 36.212 “Multiplexing and channel coding”

[3] R1-113218 “Multiplexing CSI and A/N using PUCCH F3”, InterDigital

[4] R1-112890 “Uplink signaling enhancements in carrier aggregation” Huawei, HiSilicon

[5] R1-113006 “Consideration on Uplink signaling enhancement in Rel-11 Carrier aggregation” ZTE

[6] R1-112921 “Periodic CSI and A/N reporting for CA”, Ericsson, ST-Ericsson
[7] R1-113074 “HARQ-ACK and CSI Multiplexing in PUCCH for DL CA”, Samsung
[8] Draft Report of 3GPP TSG RAN WG1 #66bis v0.1.0
Appendix

Table 1. PUCCH Reporting Type payload sizes (10 A/N bits max, no SR)
	PUCCH Reporting Type
	Reported
	Mode State 
	PUCCH Reporting Modes
	Feasibility  of multiplexing with 10 A/N bits on PUCCH Format 3 

	
	
	
	Mode 1-1
	Mode 2-1
	Mode 1-0
	Mode 2-0
	

	
	
	
	(bits/BP)
	(bits/BP)
	(bits/BP)
	(bits/BP)
	

	1
	Sub-band

CQI
	RI = 1
	NA
	4+L
	NA
	4+L
	Yes

	
	
	RI > 1
	NA
	7+L
	NA
	4+L
	Yes

	1a
	Sub-band CQI / second PMI
	8 antenna ports RI = 1
	NA
	8+L
	NA
	NA
	Yes

	
	
	8 antenna ports 1 < RI < 5
	NA
	9+L
	NA
	NA
	Yes

	
	
	8 antenna ports RI > 4
	NA
	7+L
	NA
	NA
	Yes

	2
	Wideband CQI/PMI
	2 antenna ports RI = 1
	6
	6
	NA
	NA
	Yes

	
	
	4 antenna ports RI = 1
	8
	8
	NA
	NA
	Yes

	
	
	2 antenna ports RI > 1
	8
	8
	NA
	NA
	Yes

	
	
	4 antenna ports RI > 1
	11
	11
	NA
	NA
	Yes

	2a
	Wideband first PMI
	8 antenna ports RI < 3
	NA
	4
	NA
	NA
	Yes

	
	
	8 antenna ports 2 < RI < 8
	NA
	2
	NA
	NA
	Yes

	
	
	8 antenna ports RI = 8
	NA
	0
	NA
	NA
	

	2b
	Wideband CQI / second PMI
	8 antenna ports RI = 1
	8
	8
	NA
	NA
	Yes

	
	
	8 antenna ports 1 < RI < 4
	11
	11
	NA
	NA
	Yes

	
	
	8 antenna ports RI = 4
	10
	10
	NA
	NA
	Yes

	
	
	8 antenna ports RI > 4
	7
	7
	NA
	NA
	Yes

	2c
	Wideband CQI / first PMI / second PMI
	8 antenna ports RI = 1
	8
	NA
	NA
	NA
	Yes

	
	
	8 antenna ports 1 < RI ( 4
	11
	NA
	NA
	NA
	Yes

	
	
	8 antenna ports 4 < RI ( 7
	9
	NA
	NA
	NA
	Yes

	
	
	8 antenna ports RI = 8
	7
	NA
	NA
	NA
	Yes

	3
	RI
	2/4 antenna ports, 2-layer spatial multiplexing
	1
	1
	1
	1
	Yes

	
	
	8 antenna ports, 2-layer spatial multiplexing
	1
	NA
	NA
	NA
	Yes

	· 
	· 
	4 antenna ports, 4-layer spatial multiplexing
	2
	2
	2
	2
	Yes

	
	
	8 antenna ports, 4-layer spatial multiplexing
	2
	NA
	NA
	NA
	Yes

	
	
	8-layer spatial multiplexing
	3
	NA
	NA
	NA
	Yes

	4
	Wideband CQI
	RI = 1 or RI>1
	NA
	NA
	4
	4
	Yes

	5
	RI/ first PMI
	8 antenna ports, 2-layer spatial multiplexing
	4
	NA
	NA
	NA
	Yes

	
	
	8 antenna ports, 4 and 8-layer spatial multiplexing
	5
	
	
	
	Yes

	6


	RI/PTI
	8 antenna ports, 2-layer spatial multiplexing
	NA
	2
	NA
	NA
	Yes

	
	
	8 antenna ports, 4-layer spatial multiplexing
	NA
	3
	NA
	NA
	Yes

	
	
	8 antenna ports, 8-layer spatial multiplexing
	NA
	4
	NA
	NA
	Yes


Table 2. PUCCH Reporting Type payload sizes (10 A/N bits max + 1 SR bit)
	PUCCH Reporting Type
	Reported
	Mode State 
	PUCCH Reporting Modes
	Feasibility  of multiplexing with (10 A/N bits + 1 SR bit) on PUCCH Format 3 

	
	
	
	Mode 1-1
	Mode 2-1
	Mode 1-0
	Mode 2-0
	

	
	
	
	(bits/BP)
	(bits/BP)
	(bits/BP)
	(bits/BP)
	

	1
	Sub-band

CQI
	RI = 1
	NA
	4+L
	NA
	4+L
	Yes

	
	
	RI > 1
	NA
	7+L
	NA
	4+L
	Yes

	1a
	Sub-band CQI / second PMI
	8 antenna ports RI = 1
	NA
	8+L
	NA
	NA
	Yes

	
	
	8 antenna ports 1 < RI < 5
	NA
	9+L
	NA
	NA
	No for L=2 (but yes for L=1)

	
	
	8 antenna ports RI > 4
	NA
	7+L
	NA
	NA
	Yes

	2
	Wideband CQI/PMI
	2 antenna ports RI = 1
	6
	6
	NA
	NA
	Yes

	
	
	4 antenna ports RI = 1
	8
	8
	NA
	NA
	Yes

	
	
	2 antenna ports RI > 1
	8
	8
	NA
	NA
	Yes

	
	
	4 antenna ports RI > 1
	11
	11
	NA
	NA
	No

	2a
	Wideband first PMI
	8 antenna ports RI < 3
	NA
	4
	NA
	NA
	Yes

	
	
	8 antenna ports 2 < RI < 8
	NA
	2
	NA
	NA
	Yes

	
	
	8 antenna ports RI = 8
	NA
	0
	NA
	NA
	

	2b
	Wideband CQI / second PMI
	8 antenna ports RI = 1
	8
	8
	NA
	NA
	Yes

	
	
	8 antenna ports 1 < RI < 4
	11
	11
	NA
	NA
	No

	
	
	8 antenna ports RI = 4
	10
	10
	NA
	NA
	Yes

	
	
	8 antenna ports RI > 4
	7
	7
	NA
	NA
	Yes

	2c
	Wideband CQI / first PMI / second PMI
	8 antenna ports RI = 1
	8
	NA
	NA
	NA
	Yes

	
	
	8 antenna ports 1 < RI ( 4
	11
	NA
	NA
	NA
	No

	
	
	8 antenna ports 4 < RI ( 7
	9
	NA
	NA
	NA
	Yes

	
	
	8 antenna ports RI = 8
	7
	NA
	NA
	NA
	Yes

	3
	RI
	2/4 antenna ports, 2-layer spatial multiplexing
	1
	1
	1
	1
	Yes

	
	
	8 antenna ports, 2-layer spatial multiplexing
	1
	NA
	NA
	NA
	Yes

	· 
	· 
	4 antenna ports, 4-layer spatial multiplexing
	2
	2
	2
	2
	Yes

	
	
	8 antenna ports, 4-layer spatial multiplexing
	2
	NA
	NA
	NA
	Yes

	
	
	8-layer spatial multiplexing
	3
	NA
	NA
	NA
	Yes

	4
	Wideband CQI
	RI = 1 or RI>1
	NA
	NA
	4
	4
	Yes

	5
	RI/ first PMI
	8 antenna ports, 2-layer spatial multiplexing
	4
	NA
	NA
	NA
	Yes

	
	
	8 antenna ports, 4 and 8-layer spatial multiplexing
	5
	
	
	
	Yes

	6


	RI/PTI
	8 antenna ports, 2-layer spatial multiplexing
	NA
	2
	NA
	NA
	Yes

	
	
	8 antenna ports, 4-layer spatial multiplexing
	NA
	3
	NA
	NA
	Yes

	
	
	8 antenna ports, 8-layer spatial multiplexing
	NA
	4
	NA
	NA
	Yes


