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1 Introduction

For multi-cell P-CSIs and HARQ-ACK transmission, there are the following agreements reached in the previous meeting:

· A higher-layer parameter is introduced to enable/disable multi-cell P-CSIs + HARQ-ACK on a new PUCCH format

· If it is disabled, when the UE transmits HARQ-ACK/SR on the new PUCCH format, the UE does not include P-CSIs on the new PUCCH format

· FFS how to define a maximum number of CSI + HARQ-ACK/SR bits to be transmitted in one new PUSCH-like PUCCH resource in a subframe 

The P-CSI (periodic CSI) without HARQ-ACK feedback enhancements for eCA is discussed in [1]. In this contribution, P-CSI feedback with HARQ-ACK for eCA would be further discussed.
2 PUCCH formats supporting P-CSI and HARQ-ACK/SR transmission
It was agreed a higher-layer parameter is introduced to enable/disable multi-cell P-CSIs + HARQ-ACK on PUCCH format 4. However, it is not concluded whether single-cell P-CSI and HARQ-ACK could be transmitted on PUCCH format 4. This would in fact be needed, since it would not make sense to demand that the P-CSI dropping should always result in P-CSI reports for at least 2 cells, while preventing transmission of a single P-CSI report, even without any P-CSI dropping applied. In our opinion, it is straightforward and no additional efforts are needed to support HARQ-ACK and single-cell P-CSI transmission in PUCCH format 4 in the subframe. 
The new PUCCH format 5 is introduced to multiplex HARQ-ACK feedback for 2 UEs in 1 PRB and has smaller capacity than PUCCH format 4, i.e., it applies for aggregation with fewer cells than for PUCCH format 4. Since PUCCH format 5 is optional, it is not required to accommodate P-CSI and HARQ-ACK/SR transmission considering additional specification and test cases are needed.
Proposal 1: Support HARQ-ACK and single-cell P-CSI transmission in PUCCH format 4. PUCCH format 5 does not support P-CSIs and HARQ-ACK/SR transmission.

3 Maximum P-CSI and HARQ-ACK/SR payload in PUCCH format 4
Joint coding for HARQ-ACK/SR and multi-cell P-CSIs is agreed when they are simultaneously transmitted. It would also be straightforward to jointly encode HARQ-ACK/SR and single-cell P-CSI when transmitted in PUCCH format 4. Moreover, when P-CSI(s) is simultaneously transmitted with HARQ-ACK in the PUCCH resource indicated by ARI, the performance of HARQ-ACK would be impacted due to more payload size of UCI than HARQ-ACK only would be transmitted. As a result, it is necessary to guarantee the performance of HARQ-ACK/SR is not decreased under the target requirement. Therefore, the “maximum allowed number of bits for HARQ-ACK and P-CSI” should be pre-configured for the PUCCH format 4 to avoid the performance of HARQ-ACK is unacceptable due to too much P-CSI reports are simultaneous transmitted.  With this configuration, when HARQ-ACK/SR and P-CSI are simultaneously transmitted in one PUCCH format 4 resource indicated by ARI, if the bit number of HARQ-ACK/SR and P-CSI is largher than “maximum allowed number of bits for HARQ-ACK and P-CSI” configured for the PUCCH resource, some of the P-CSI reports according to P-CSI priority rules should be dropped until the “maximum allowed bit number of HARQ-ACK and P-CSI” is not exceeded. Consequently, the performance of HARQ-ACK is guaranteed.
It would be preferable to use a RRC parameter to provide the UE the “maximum allowed number of bits for HARQ-ACK and P-CSI”. Since HARQ-ACK/SR and P-CSI are jointly encoded, and there is an agreed parameter “Maximum payload or code rate for multi P-CSI on each PUCCH resource” with a yet to be defined value range “Max supported payload [bits or reports] or code rate, up to 8 RRC signaling states (INTEGER(0..7))”, the parameter could be utilized to also cover the case of HARQ-ACK + P-CSI for the “maximum allowed number of bits HARQ-ACK and P-CSI” configuration.  
Proposal 2: The maximum allowed number of bits for HARQ-ACK and P-CSI is configured for a PUCCH format 4 resource for simultaneous P-CSI and HARQ-ACK/SR transmission with the parameter “Maximum payload or code rate for multi P-CSI on each PUCCH resource”.
4 PUCCH resource for multiple P-CSI and HARQ-ACK feedback
For HARQ-ACK feedback, the following agreements are reached in the previous RAN1 #82 and #82bis meeting: 

· PUCCH format 1a/1b fall back from new PUCCH format is supported for Pcell only and DAI is equal to 1 for PDSCH only scheduling and SPS transmission cases

· At least for FDD, for the Rel-13 UE configured to transmit up to more than 22 HARQ-ACK bits with a dynamic codebook configuration (i.e., the maximum possible codebook size is more than 22 bits) in a subframe, 

· Dynamic adaptation between PUCCH format 3 and one of the new PUCCH formats is supported for the actual HARQ-ACK transmission
· For the PUSCH-like new PUCCH format,

· At least when ARI is available, PUCCH resource is indicated by ARI.

· 2-bit ARI indicates one of the PUCCH resources configured by higher-layers.

Then the PUCCH resource for HARQ-ACK could be indicated by explicit ARI with PUCCH format 3 or PUCCH format 4, or with PUCCH format 1a/1b implicitly linked with the DCI location in PCell.
To simultaneously transmit P-CSI and HARQ-ACK/SR, the used PUCCH resource should fit for the total payload size of P-CSI and HARQ-ACK/SR in the subframe. Since the PUCCH resource allocated for HARQ-ACK could be dynamically indicated which adapts to the instantaneous scheduling intention of the eNodeB, it is better to use PUCCH for HARQ-ACK to transmit HARQ-ACK/SR and P-CSI. 

Each PUCCH format generally accommodates different range of feedback payloads. For example, PUCCH format 3 could support UCI feedback for no more than 22 bits and PUCCH format 4 could support UCI feedback for more than 22 bits. Considering the used PUCCH resource should as much as possible fit for the total payload size in the subframe, it is beneficial to select a PUCCH format according to the payload size of P-CSI and HARQ-ACK/SR. As discussed in [2], dynamic adaptation between PUCCH format 3 and PUCCH format 4 can be supported according to the number of UCI bits when the UCI bits including HARQ-ACK/SR and P-CSI. Then the PUCCH resource indicated by ARI within the PUCCH resources with the determined PUCCH format is used.  
Proposal 3: Dynamic PUCCH format adaptation between PUCCH format 3 and PUCCH format 4 for simultaneous HARQ-ACK and P-CSI transmission is supported.

· The format adaptation is made according to the number of total UCI bits.
In Rel.12 if the condition of PUCCH fallback to PUCCH format 1a/1b is satisfied and there is P-CSI transmission in the same subframe, PUCCH format 2a/2b could be used for the simultaneous HARQ-ACK and P-CSI transmission. For eCA, however, if the condition of PUCCH fallback to PUCCH format 1a/1b is satisfied and multiple P-CSI is to be simultaneously transmitted most of the P-CSI reports have to be dropped. To decrease the impacts caused by P-CSI dropping, it is beneficial to use the multi P-CSI resource selected for multi P-CSI transmission to simultaneously transmit HARQ-ACK and P-CSI for this case. Especially for the PUCCH format 4 for multi P-CSI transmission, it is easy to support joint coding of HARQ-ACK and P-CSI in the multi-cell P-CSI resource.
Proposal 4: If the condition of PUCCH fallback to PUCCH format 1a/1b is satisfied and there is a multi-cell P-CSI resource with PUCCH format 4, HARQ-ACK and multi-cell P-CSIs are jointly encoded and transmitted on the PUCCH format 4 resource. 
5 Parameters for multiple P-CSI and HARQ-ACK transmission
The above analysis does not consider the simultaneously P-CSIs and HARQ-ACK configuration. In the previous meeting, the parameter “simultaneousAckNackAndCQI-Format4-r13” is introduced to enable/disable multi-cell P-CSIs + HARQ-ACK on PUCCH format 4. Besides, “simultaneousAckNackAndCQI-Format3-r11” was defined for the UE to decide whether simultaneous HARQ-ACK and CQI transmission is allowed on PUCCH format 3 and “simultaneousAckNackAndCQI” was defined for the UE to decide whether HARQ-ACK and CQI could be simultaneously transmission on PUCCH format 2a/2b. The HARQ-ACK and P-CSI transmission with these parameters configured with different values are listed in the Table.1 below.
Table 1. HARQ-ACK and CQI transmission with each parameter configuration
	“simultaneousAckNackAndCQI-Format4-r13”
	“simultaneousAckNackAndCQI-Format3-r11“
	“simultaneousAckNackAndCQI ”
	HARQ-ACK and P-CSI transmission

	False
	False
	False
	Only HARQ-ACK is transmitted

	False
	False
	True
	If HARQ-ACK is 1/2bit, HARQ-ACK and P-CSI is transmitted with PUCCH format 2a/2b. Otherwise, only HARQ-ACK is transmitted.

	False
	True
	False
	If HARQ-ACK+P-CSI (full or partial) is no more than 22bit, HARQ-ACK and at most one P-CSI is transmitted with PUCCH format 3.  Otherwise, only HARQ-ACK is transmitted.

	False
	True
	True
	If HARQ-ACK is 1/2bit, HARQ-ACK and P-CSI is transmitted with PUCCH format 2a/2b;

If HARQ-ACK is more than 2bit and  HARQ-ACK+P-CSI (full or partial) is no more than 22bit, HARQ-ACK and at most one P-CSI is transmitted with PUCCH format 3;

Otherwise, only HARQ-ACK is transmitted.

	True
	False
	False
	If HARQ-ACK is 1/2bit and P-CSI is no more than 11bit, only HARQ-ACK is transmitted;

If HARQ-ACK is 1/2bit and P-CSI is more than 11bit, HARQ-ACK and P-CSI is transmitted with PUCCH format 4;

If HARQ-ACK+P-CSI (full or partial) is more than 22bit, HARQ-ACK and P-CSI is transmitted with PUCCH format 4;

Otherwise, only HARQ-ACK is transmitted.

	True
	False
	True
	If HARQ-ACK is 1/2bit and P-CSI is no more than 11bit, HARQ-ACK and P-CSI is transmitted with PUCCH format 2a/2b;

If HARQ-ACK+P-CSI (full or partial) is more than 22bit, HARQ-ACK and P-CSI is transmitted with PUCCH format 4;

Otherwise, only HARQ-ACK is transmitted.

	True
	True
	False
	If HARQ-ACK is 1/2bit and P-CSI is no more than 11bit, only HARQ-ACK is transmitted;

If HARQ-ACK is more than 2bit, HARQ-ACK and P-CSI is transmitted with PUCCH format 3 or PUCCH format 4.

	True
	True
	True
	HARQ-ACK and P-CSI is transmitted with PUCCH format 2, PUCCH format 3, or PUCCH format 4.


6 Conclusions
In this contribution, P-CSI feedback with HARQ-ACK for eCA is further discussed and the following proposals are reached:
Proposal 1: Support HARQ-ACK and single-cell P-CSI transmission in PUCCH format 4. PUCCH format 5 does not support P-CSIs and HARQ-ACK/SR transmission.

Proposal 2: The maximum allowed number of bits for HARQ-ACK and P-CSI is configured for a PUCCH format 4 resource for simultaneous P-CSI and HARQ-ACK/SR transmission with the parameter “Maximum payload or code rate for multi P-CSI on each PUCCH resource”.

Proposal 3: Dynamic PUCCH format adaptation between PUCCH format 3 and PUCCH format 4 for simultaneous HARQ-ACK and P-CSI transmission is supported.

· The format adaptation is made according to the number of total UCI bits.

Proposal 4: If the condition of PUCCH fallback to PUCCH format 1a/1b is satisfied and there is a multi-cell P-CSI resource with PUCCH format 4, HARQ-ACK and multi-cell P-CSIs are jointly encoded and transmitted on the PUCCH format 4 resource. 
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