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1. Introduction
At the RAN1#82 meeting, potential enhancements to periodic CSI feedback were discussed, and following agreements were achieved [1].

	Agreements:

· The PUCCH format with PUSCH-like structure can be used to carry

· P-CSIs for multiple serving cells

· FFS: P-CSIs for multiple serving cells and HARQ-ACK for at least  one serving cell
· FFS: PUCCH format 3 can be used to carry multiple P-CSIs for multiple serving cells for payload size less than 23 bits


In this contribution, we propose UE behaviors for multiple periodic CSI feedback with and without HARQ-ACK in case simultaneous PUCCH-PUSCH transmission is enabled/disabled. The physical layer design of the new PUCCH formats that can carry multi-cell P-CSIs only and/or multi-cell P-CSIs with HARQ-ACK(s) is discussed in our companion contributions [2, 3].  
2. P-CSI feedback with and without HARQ-ACK on PUCCH without simultaneous PUCCH-PUSCH
As already agreed, simultaneous PUCCH-PUSCH transmissions can be independently configured for each PUCCH group. When the simultaneous PUCCH-PUSCH transmissions is not configured for one PUCCH group and there is PUSCH transmission, UCI is piggybacked on PUSCH [3]. In this section, we discuss UE behaviors for multi-cell P-CSIs only and simultaneous multi-cell P-CSIs + HARQ-ACK when the UE is not configured with simultaneous PUCCH-PUSCH and when there is no PUSCH transmission.
2.1. UE behavior for multi-cell P-CSIs only 
It was proposed to use legacy PUCCH format 3 for HARQ-ACK/SR to support Rel.13 CA configurations, if the maximum number of HARQ-ACK/SR bits is less than 23 (e.g., FDD PUCCH-Cell with up to 10 CCs) [4]. For this case, it would be reasonable to rely only on PUCCH format 3. As such, as long as PUCCH format 3 is one solution for HARQ-ACK/SR in Rel. 13 CA, it would be beneficial to support multi-cell P-CSIs on PUCCH format 3. Considering that it was already agreed that multi-cell P-CSIs can be transmitted using a new PUCCH format, there can be two cases with multi-cell P-CSIs on PUCCH  where the UE does not have HARQ-ACK transmissions. 
Case 1: UE is configured with multi-cell P-CSIs on PUCCH format 3. 
The PUCCH resource for multi-cell P-CSIs is semi-statically configured by RRC signaling. When the total payload of multi-cell P-CSIs exceeds 22 bits, the P-CSIs with lower priority are dropped. Rel. 8-12 P-CSI priority order should be used as the baseline.
Case 2: UE is configured with multi-cell P-CSIs on new PUCCH format 
It was agreed that new PUCCH format can be used to carry multi-cell P-CSIs. Similar to case 1, the PUCCH resource for multi-cell P-CSIs should be RRC configured. If a certain condition is met, the P-CSIs with lower priority are dropped. Rel. 8-12 P-CSI priority order should be used as the baseline. The condition to drop P-CSI(s) could be one of following: (1) when the number of P-CSI(s) or the number of P-CSI bits exceeds a certain value, (2) when the number of ‘coded’ P-CSI bits exceeds a certain value, or (3) when the coding rate of P-CSI exceeds a certain value.
Proposal 1:

· If a UE is configured to transmit multi-cell P-CSIs using PUCCH format 3 on a RRC configured resource,
· The concatenation of multi-cell P-CSIs is transmitted as if it is HARQ-ACK/SR + P-CSI specified in Rel. 11 CA.

· If a UE is configured to transmit multi-cell P-CSIs using a new PUCCH format on a RRC configured resource,

· The concatenation of multi-cell P-CSIs is transmitted as if it is one UCI bit sequence.
2.2. UE behavior for multi-cell P-CSIs + HARQ-ACK/SR
Regarding simultaneous multi-cell P-CSIs + HARQ-ACK/SR, various combinations should be considered. First, for multi-cell P-CSIs, as described in section 2.1, PUCCH format 3 or a new PUCCH format may be configured. Then, for HARQ-ACK/SR (not taking into account P-CSI), depending on its HARQ-ACK codebook size and/or higher-layer/physical-layer configuration, the UE may be required to transmit HARQ-ACK/SR on PUCCH format 3, on a new PUCCH format, or on PUCCH format 1a/1b (1/2-bit HARQ-ACK/SR without ARI). Because of these variations, there are following six cases for multi-cell P-CSIs and HARQ-ACK/SR.
	
	PUCCH format configured for multi-cell P-CSIs only
	PUCCH format required for HARQ-ACK/SR only

	Case 1
	PUCCH format 3
	PUCCH format 3

	Case 2
	PUCCH format 3
	New PUCCH format

	Case 3
	New PUCCH format 
	New PUCCH format

	Case 4
	PUCCH format 3
	New PUCCH format

	Case 5
	PUCCH format 3
	PUCCH format 1a/1b

	Case 6
	New PUCCH format
	PUCCH format 1a/1b

	Note 1: It is assumed that the UE can be configured with either PUCCH format 3 or a new PUCCH format for multi-cell P-CSIs.

Note 2: It is assumed that the UE can be required to transmit HARQ-ACK/SR on either PUCCH format 3 or a new PUCCH format, depending on the configuration/indication or HARQ-ACK codebook size.


As described already, case 1 may need to be considered. Case 2 is beneficial to reduce the UL overhead for multi-cell P-CSIs. Case 3 is considered as one of the target usage of the new PUCCH format(s). About the case 4, it may be not reasonable to assume a UE is configured with PUCCH format 3 for HARQ-ACK/SR while it is also configured with new PUCCH format to transmit multi-cell P-CSIs. However, if dynamic HARQ-ACK codebook/PUCCH format adaptation is supported, it is possible that the HARQ-ACK codebook size corresponds to PUCCH format 3 but multi-cell P-CSIs are configured with new PUCCH format. Therefore, all these four cases are taken into consideration. Case 5 and case 6 are the situation where UE is configured to transmit multi-cell P-CSIs using PUCCH format 3 or a new PUCCH format, but the HARQ-ACK(s)/SR transmission fallback to PUCCH format 1a/1b.
Case 1: PUCCH format 3 for multi-cell P-CSIs + PUCCH format 3 for HARQ-ACK/SR
In this case, there are two PUCCH format 3 resources available; RRC-configured resource for multi-cell P-CSIs and ARI-indicated resource by DL assignment(s). In addition, there are three different possibilities on handling of the multi-cell P-CSIs: (1) support multi-cell P-CSIs  as long as the payload does not exceed 22 bits, otherwise drop P-CSI with lower priority, (2) support single-cell P-CSI as long as the payload does not exceed 22 bits, otherwise drop the P-CSI, or (3) drop all the P-CSIs. Considering the specification impact and reasonable effectiveness, following four alternatives can be considered. 

· Alt. 1-1: Single/multiple P-CSI(s) + HARQ-ACK/SR on PUCCH format 3.
· How many P-CSIs can be multiplexed is up to its total payload.
· The PUCCH is transmitted on the ARI-indicated resource.
· Alt. 1-2: Single/multiple P-CSI(s) + HARQ-ACK/SR on PUCCH format 3.
· How many P-CSIs can be multiplexed is up to its total payload.

· The PUCCH is transmitted on the RRC-configured resource.
· Alt. 1-3:  Single P-CSI + HARQ-ACK/SR on PUCCH format 3.
· P-CSIs other than the highest priority are dropped.

· The PUCCH is transmitted on the ARI-indicated resource.
· Alt. 1-4: HARQ-ACK/SR on PUCCH format 3 whose resource is indicated by ARI.
· All the P-CSIs are dropped.

· The PUCCH is transmitted on the ARI-indicated resource.
Alt. 1-3 and Alt. 1-4 are legacy UE behaviours when simultaneousAckNackAndCQI-Format3-r11 is TRUE and FALSE, respectively. Alt. 1-1 and Alt. 1-2 are the potential new UE behaviours that aim to multiplex multi-cell P-CSIs on the PUCCH format 3 as long as the total payload does not exceed 22 bits. Similar to the legacy configuration, whether to allow Alt. 1-1 or Alt. 1-2 can be based on a higher-layer configuration, e.g., simultaneousAckNackAndCQI-Format3-r13. Between Alt. 1-1 and Alt. 1-2, Alt. 1-2 has better resource utilization efficiency since the RRC-configured PUCCH resource is already reserved to the UE. However, Alt. 1-2 cannot inform eNB whether HARQ-ACK/SR is actually included in the PUCCH format 3. In case of Alt. 1-1, as long as ARI-indicated resource is different from RRC-configured resource, eNB can identify what types of UCIs the UE included in the PUCCH format 3. However, since it is not 100% sure that the UE actually transmit HARQ-ACK on the subframe, the RRC-configured PUCCH resource may not be allocated to the other UE and hence is wasted. Considering these potential demerits, it would be reasonable to support UE behaviours Alt. 1-3 and Alt. 1-4 only for case 1.
Proposal 2:

· If a UE is configured to transmit multi-cell P-CSIs using PUCCH format 3 on a RRC configured resource, and if the UE is required to transmit HARQ-ACK/SR using PUCCH format 3, 
· Rel. 11 UE behavior is re-used.
Case 2: PUCCH format 3 for multi-cell P-CSIs + New PUCCH format for HARQ-ACK/SR
In this case, transmission of new PUCCH format is necessary at least for HARQ-ACK/SR. ARI-indicated resource is feasible. Similar to the previous releases, whether to allow multiplexing multi-cell P-CSIs on the new PUCCH format or to drop all the P-CSIs should be based on a higher-layer parameter, e.g., simultaneousAckNackAndCQI-Formatx-r13. 
Proposal 3:

· If a UE is configured to transmit multi-cell P-CSIs using PUCCH format 3 on a RRC configured resource, and if the UE is required to transmit HARQ-ACK/SR using new PUCCH format, 
· If the higher-layer parameter simultaneousAckNackAndCQI-Formatx-r13 is TRUE, multi-cell P-CSIs and HARQ-ACK/SR are multiplexed on the new PUCCH format whose resource is indicated by ARI.

· Otherwise, all the P-CSIs are dropped.
Case 3: New PUCCH format for multi-cell P-CSIs + New PUCCH format for HARQ-ACK/SR
Similar to case 2, transmission of new PUCCH format is necessary at least for HARQ-ACK/SR. Then, similar to case 1, transmission of multi-cell P-CSIs and HARQ-ACKs can use PUCCH resource either indicated by ARI or configured by RRC signalling. If the RRC-configured resource is selected, UE may or may not include HARQ-ACK/SR on the new PUCCH format. However, unlike case 1, using RRC-configured resource would be preferable for this case. First, as already explained, better PUCCH resource utilization is achievable. Second, the new PUCCH format (encoding and RE mapping) can be designed such that whether or not HARQ-ACK is included does not have large impact to P-CSI decoding procedure. Another potential way is to inform eNB whether HARQ-ACK(s) is multiplexed on the PUCCH. Similar to case 2, whether to allow multiplexing multi-cell P-CSIs on the new PUCCH format could be based on a higher-layer parameter, e.g., simultaneousAckNackAndCQI-Formatx-r13.
Proposal 4:

· If a UE is configured to transmit multi-cell P-CSIs using new PUCCH format on a RRC configured resource, and if the UE is required to transmit HARQ-ACK/SR using new PUCCH format, 
· If the higher-layer parameter simultaneousAckNackAndCQI-Formatx-r13 is TRUE, multi-cell P-CSIs and HARQ-ACK/SR are multiplexed on the new PUCCH format whose resource is configured by RRC.

· Otherwise, all the P-CSIs are dropped and HARQ-ACK/SR only is transmitted using the new PUCCH format whose resource is indicated by ARI.
Case 4: New PUCCH format for multi-cell P-CSIs + PUCCH format 3 for HARQ-ACK/SR
In this case, following four UE behaviors can be considered.

· Alt. 4-1: Multi-cell P-CSIs + HARQ-ACK/SR on new PUCCH format
· The PUCCH resource is configured by RRC. 
· Alt. 4-2: Single/multi-cell P-CSI(s) + HARQ-ACK/SR on PUCCH format 3
· The PUCCH resource is indicated by ARI.
· How many P-CSIs can be multiplexed is up to its total payload.
· Alt. 4-3: Single-cell P-CSI + HARQ-ACK/SR on PUCCH format 3
· The PUCCH resource is indicated by ARI.
· P-CSIs other than the highest priority are dropped.
· Alt. 4-3: HARQ-ACK/SR only on PUCH format 3
· The PUCCH whose resource is indicated by ARI.
· All the P-CSIs are dropped.

Alt. 4-1 is useful to reduce the probability of P-CSI dropping. Alt. 4-2 is the same UE behaviour as in Alt. 1-1. Alt. 4-3 and Alt. 4-4 are the existing UE behaviours when simultaneousAckNackAndCQI-Format3-r11 is TRUE and FALSE, respectively. Between Alt. 4-1 and Alt. 4-2, Alt. 4-1 would be preferable as already explained in case 3. Whether Alt. 4-1 is allowed could also be configured by additional higher-layer parameter, e.g., simultaneousAckNackAndCQI-Formatx-r13. Similar to the case 3, the new PUCCH format (encoding and RE mapping) should be designed such that whether or not HARQ-ACK is included does not have large impact to P-CSI decoding procedure. 
Proposal 5:

· If a UE is configured to transmit multi-cell P-CSIs using new PUCCH format on a RRC configured resource, and if the UE is required to transmit HARQ-ACK/SR using PUCCH format 3, 
· If the higher-layer parameter simultaneousAckNackAndCQI-Formatx-r13 is TRUE, multi-cell P-CSIs and HARQ-ACK/SR are multiplexed on the new PUCCH format whose resource is configured by RRC.

· Otherwise, Rel.11 UE behavior is re-used.
Above cases are for the situation where ARI is available for HARQ-ACKs. If ARI is not available, there are two additional cases for P-CSIs + 1/2-bit HARQ-ACK. 
Case 5: PUCCH format 3 for multi-cell P-CSIs + 1 or 2-bit HARQ-ACKs
As was already discussed in the context of case 1, in order to support multiplexing multi-cell P-CSIs and HARQ-ACK on the PUCCH format 3 whose resource is configured by RRC, it is difficult for eNB to know whether HARQ-ACK is actually multiplexed or not. Therefore, following Rel. 10 UE behavior (transmit PUCCH format 2a/2b or 1a/1b depending on higher-layer parameter simultaneousAckNackCQI) could be a natural consequence. 

Proposal 6:

· If a UE is configured to transmit multi-cell P-CSIs using PUCCH format 3 on a RRC configured resource, and if the UE is required to transmit 1 or 2 bit HARQ-ACK without ARI, 
· Rel. 10 UE behavior is re-used.
Case 6: New PUCCH format for multi-cell P-CSIs + 1 or 2-bit HARQ-ACKs
Unlike case 5, it is not impossible to multiplex multi-cell P-CSIs and HARQ-ACK on the new PUCCH format whose resource is configured by RRC, as long as the new PUCCH format is designed such that whether or not HARQ-ACK is included does not have large impact to P-CSI decoding procedure. Whether the multiplexing is applied and which PUCCH format is used should be based on Rel. 10/13 higher-layer parameters, e.g., simultaneousAckNackAndCQI-Formatx-r13 and simultaneousAckNackAndCQI. 
If the Rel.13 parameter is set to TRUE, UE transmits multi-cell P-CSIs and 1/2-bit HARQ-ACK on the new PUCCH format of which the resource is configured by RRC signaling. Otherwise, the Rel-10 behavior for supporting simultaneous transmission HARQ-ACK and periodic CSI is reused. That is if the Rel.10 parameter is set to TRUE, UE transmits one P-CSI with highest priority and 1/2-bit HARQ-ACK on PUCCH format 2a/2b; else, UE drops all the P-CSIs and only transmit 1/2-bit HARQ-ACK on PUCCH format 1a/1b of which the resource is implicitly indicated by PDCCH CCE index. 

Proposal 7:

· If a UE is configured to transmit multi-cell P-CSIs using new PUCCH format on a RRC configured resource, and if the UE is required to transmit 1 or 2 bit HARQ-ACK without ARI, 
· If the higher-layer parameter simultaneousAckNackAndCQI-Formatx-r13 is TRUE, multi-cell P-CSIs and HARQ-ACK/SR are multiplexed on the new PUCCH format whose resource is configured by RRC.

· Otherwise, Rel. 10 UE behavior is re-used.
3. UCI transmission with simultaneous PUCCH-PUSCH
When simultaneous PUCCH-PUSCH transmission is allowed for one PUCCH cell-group and there is no PUSCH transmission, UCI transmission on PUCCH is the same as that without simultaneous PUCCH-PUSCH configuration. When there is at least one PUSCH transmission, for UCI containing HARQ-ACK(s) alone or periodic CSI(s) alone, UE transmits the UCI on PUCCH and transmits data on PUSCH. If the UCI contains HARQ-ACK(s) + periodic CSI(s), three alternatives can be considered to avoid the P-CSIs dropping as much as possible. 
Alt 1: Multi-cell P-CSIs on PUSCH and HARQ-ACK on PUCCH.
Alt. 1 is to reuse the UE behavior in Rel. 10. No specification impact for this alternative while the overhead of multi-cell P-CSIs on PUSCH may be large. It is natural to consider that the HARQ-ACK on PUCCH is transmitted on ARI-indicated or implicit resource depending on which PUCCH format is used. In this case, RRC-configured resource for multi-cell P-CSIs is wasted. Similar to the cases 3, 4, and 6 without simultaneous PUCCH-PUSCH, transmitting HARQ-ACK on PUCCH on RRC-configure resource could be considered. 
Alt 2: Multi-cell P-CSIs + HARQ-ACK on PUCCH is the same as in the case of PUCCH only. The P-CSIs dropped from PUCCH (if any) is piggybacked on PUSCH.
UE behaviour on PUCCH is unified between the allowed and un-allowed simultaneous PUCCH-PUSCH transmission. Compared to Alt. 1, Alt. 2 minimizes the overhead of multi-cell P-CSIs on PUSCH while there may be an ambiguity on UL-SCH rate matching, since whether/how many P-CSIs are piggybacked may be affected by whether the UE has HARQ-ACK transmission on the PUCCH.
Alt 3: Multi-cell P-CSIs and HARQ-ACK are transmitted on respective resources separately
It is not significant to maintain a single carrier property if simultaneous PUCCH-PUSCH transmission is configured for the UE. Therefore, it may be possible to allow multi-cell periodic CSIs transmitted on RRC-configured resource and HARQ-ACK transmitted on ARI/ PDCCH CCE index-indicated resource. However, this requires two PUCCH transmissions and large specification impact is expected.
Proposal 8:
· For a UE configured with simultaneous PUCCH-PUSCH transmission and there is at least one PUSCH transmission in a PUCCH Cell group, conclusion should be achieved after the UE behavior for the case without simultaneous PUCCH-PUSCH transmission is made.
4. Conclusion
In this contribution, we discussed UE behavior for supporting simultaneous transmission of multi-cell P-CSIs and HARQ-ACK considering enabled or disabled simultaneous PUCCH-PUSCH transmission in Rel. 13 CA and proposed the following.
Proposal 1:

· If a UE is configured to transmit multi-cell P-CSIs using PUCCH format 3 on a RRC configured resource,
· The concatenation of multi-cell P-CSIs is transmitted as if it is HARQ-ACK/SR + P-CSI specified in Rel. 11 CA.

· If a UE is configured to transmit multi-cell P-CSIs using a new PUCCH format on a RRC configured resource,

· The concatenation of multi-cell P-CSIs is transmitted as if it is one UCI bit sequence.

Proposal 2:

· If a UE is configured to transmit multi-cell P-CSIs using PUCCH format 3 on a RRC configured resource, and if the UE is required to transmit HARQ-ACK/SR using PUCCH format 3, 
· Rel. 11 UE behavior is re-used.
Proposal 3:

· If a UE is configured to transmit multi-cell P-CSIs using PUCCH format 3 on a RRC configured resource, and if the UE is required to transmit HARQ-ACK/SR using new PUCCH format, 
· If the higher-layer parameter simultaneousAckNackAndCQI-Formatx-r13 is TRUE, multi-cell P-CSIs and HARQ-ACK/SR are multiplexed on the new PUCCH format whose resource is indicated by ARI.

· Otherwise, all the P-CSIs are dropped.
Proposal 4:

· If a UE is configured to transmit multi-cell P-CSIs using new PUCCH format on a RRC configured resource, and if the UE is required to transmit HARQ-ACK/SR using new PUCCH format, 
· If the higher-layer parameter simultaneousAckNackAndCQI-Formatx-r13 is TRUE, multi-cell P-CSIs and HARQ-ACK/SR are multiplexed on the new PUCCH format whose resource is configured by RRC.

· Otherwise, all the P-CSIs are dropped and HARQ-ACK/SR only is transmitted using the new PUCCH format whose resource is indicated by ARI.
Proposal 5:

· If a UE is configured to transmit multi-cell P-CSIs using new PUCCH format on a RRC configured resource, and if the UE is required to transmit HARQ-ACK/SR using PUCCH format 3, 
· If the higher-layer parameter simultaneousAckNackAndCQI-Formatx-r13 is TRUE, multi-cell P-CSIs and HARQ-ACK/SR are multiplexed on the new PUCCH format whose resource is configured by RRC.

· Otherwise, Rel.11 UE behavior is re-used.
Proposal 6:

· If a UE is configured to transmit multi-cell P-CSIs using PUCCH format 3 on a RRC configured resource, and if the UE is required to transmit 1 or 2 bit HARQ-ACK without ARI, 
· Rel. 10 UE behavior is re-used.
Proposal 7:

· If a UE is configured to transmit multi-cell P-CSIs using new PUCCH format on a RRC configured resource, and if the UE is required to transmit 1 or 2 bit HARQ-ACK without ARI, 
· If the higher-layer parameter simultaneousAckNackAndCQI-Formatx-r13 is TRUE, multi-cell P-CSIs and HARQ-ACK/SR are multiplexed on the new PUCCH format whose resource is configured by RRC.

· Otherwise, Rel. 10 UE behavior is re-used.
Proposal 8:
· For a UE configured with simultaneous PUCCH-PUSCH transmission and there is at least one PUSCH transmission in a PUCCH Cell group, conclusion should be achieved after the UE behavior for the case without simultaneous PUCCH-PUSCH transmission is made.
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