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1 Introduction 

In RAN#62, WI on dual connectivity [1] for LTE was approved. With dual connectivity, a given multiple Rx/Tx UE in RRC_CONNECTED can be configured to utilise radio resources provided by two distinct schedulers, located in Master and Secondary eNBs. With RAN2 being the leading WG of the WI, RAN1 work mainly focuses on the following:
-
Identify and introduce physical layer functionalities required for the operation of Dual Connectivity.
-
After PUCCH mechanisms are enhanced for dual connectivity, extending those enhancements to Carrier Aggregation to enable PUCCH transmission on SCell(s) for uplink Carrier Aggregation capable UEs could be considered if requiring minimal additional work.
With non-ideal backhaul between MeNB and SeNB, one of the important issues is how to transmit UCI for the cells in MeNB and SeNB. It has already been agreed in RAN2 to introduce PUCCH in SeNB for dual connectivity, and this could be further extended to carrier aggregation if minimal additional work is required. In this contribution, we discuss the details of UCI transmission and the PUCCH resource allocation.

2 UCI reporting
For dual connectivity, due to the non-ideal backhaul between the master eNB (MeNB) and the secondary eNB (SeNB), MeNB and SeNB are expected to operate separately on MAC layer and physical layer. In order to avoid the potential unacceptably long delay for the exchange of physical layer control information between the two eNBs, uplink control information (UCI), including HARQ-ACK for PDSCH, CSI feedback and possibly SR, should be transmitted separately for the two eNBs. For this reason, it has been agreed in RAN2 [2] that:
At least one cell in Secondary eNB has configured UL and one of them is configured with PUCCH resources. The cell in the Secondary eNB which is configured with PUCCH resources cannot be cross-carrier scheduled.

Multiple PUCCH could be achieved using different ways, e.g. parallel PUCCHs, or TDM switching between two PUCCHs. Since the WID already defined the dual connectivity UEs as multiple transmit and receive, the UEs can have simultaneous PUCCH transmissions on both MeNB and SeNB. This allows the UE to perform UCI reporting completely independently for MeNB and SeNB, without the need to coordinate between the two.
Proposal 1: Independent UCI reporting/transmission and independent PUCCH resource configuration are supported in the MeNB and SeNB.
The independent reporting/transmission would apply to UCI on both PUCCH and PUSCH.
In terms of cross-carrier scheduling, it is straightforward to support it across the cells within the same eNB, given that there is PUCCH in both eNBs. However, there is difficulty in supporting it between a cell from MeNB and a cell from SeNB. Firstly, it would require coordination of scheduling between the MeNB and SeNB, which is difficult with the non-ideal backhaul. Secondly, if the existing mechanism of HARQ-ACK on PUCCH is used, the HARQ-ACK would be sent in a difficult eNB from where the PDSCH is transmitted. This would be challenging for feeding back HARQ-ACK in time for retransmission. Therefore, we propose:
Proposal 2: Cross-carrier scheduling is supported only between the cells within the same eNB, not between a cell in MeNB and a cell in SeNB.

2.1 HARQ-ACK and CSI
With independent UCI reporting in the MeNB and SeNB, naturally PUCCH in SeNB (or PUSCH in one of the cells in SeNB) would carry HARQ-ACK and CSI for all the cells in SeNB, and PUCCH in MeNB (or PUSCH in one of the cells in MeNB) would carry HARQ-ACK and CSI for all the cells in MeNB. Each of the MeNB and SeNB is similar to an eNB that is supported today. Therefore the existing reporting mechanism for HARQ-ACK and CSI can be reused to support the MeNB and SeNB separately, with two eNBs operating independently.
Proposal 3: Existing UCI reporting mechanism for HARQ-ACK and CSI is reused in the MeNB and SeNB, with PUCCH in MeNB carrying HARQ-ACK and CSI for all the MeNB cells and PUCCH in SeNB carrying HARQ-ACK and CSI for all the SeNB cells.
2.2 SR
The question of whether SR should be supported on PUCCH in SeNB would depend on how the UL data is split in dual connectivity. Whether UL data split is supported in UL or not is still under discussion in RAN2. Therefore this should be a topic for RAN2 to discuss and decide.

Proposal 4: Whether to support SR on PUCCH in SeNB is up to RAN2 to decide.

3 PUCCH resouce allcoation 

When SCell PUCCH is supported in dual connectivity (and possibly extended to CA), the detailed PUCCH resource allocation for HARQ-ACK on SCell should be specified, especially when there are multiple carriers aggregated in the SeNB. When existing HARQ-ACK and CSI reporting mechanism is reused for both MeNB and SeNB, PUCCH resource allocation can also reuse the existing mechanism by considering the cells within each eNB.
To support SCell PUCCH, firstly at higher layer, PUCCH configurations (PUCCH-Config) should be provided for both PCell PUCCH and SCell PUCCH to determine the PUCCH resource for different formats. When there are multiple carriers configured for an eNB, PUCCH-ConfigDedicated-v1020 should also be provided, including the PUCCH resource list for PUCCH format 1bCS or 3. 
In the current CA specification with PUCCH only on PCell, 
· for a PDSCH transmission of SCell by detection of PDCCH/EPDCCH on SCell, the PUCCH resource allocation is mainly explicitly indicated. For PUCCH format 1bCS, the TPC field in the DCI of the corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource values 
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 from one of the four resource values configured by higher layers. While for PUCCH format 3, the TPC/HARQ-ACK resource offset field in the corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource value 
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 from one of the four resource values configured by higher layers. A UE shall assume that the same PUCCH resource value of  PUCCH format 3 is transmitted on all PDCCH/EPDCCH assignments for each PDSCH for Scells.
With dual connectivity, PUCCH resource allocation for PCell PUCCH can stay unchanged, except that it only takes into account the cells in the MeNB, not those in the SeNB. 

For the PUCCH resource allocation on SCell, if reusing the current specification, the TPC/HARQ-ACK resource offset field in the corresponding PDCCH/EPDCCH on this SCell is utilized for explicit PUCCH resource indication. Consequently, no TPC command would be available for closed-loop power control of SCell PUCCH. A straightforward solution to solve this issue would be to reuse the current design for PUCCH resource allocation for PCell PUCCH while considering only the cells within the SeNB.  Here we follow the principle that SPS transmissions are only permitted on PCell, thus for SCell PUCCH, we only focus on the HAQR-ACK feedback of PDSCH transmissions with DL grants. Denote the DL SCell associated with the UL SCell that carries PUCCH as YCell:
· For a PDSCH transmission indicated by detection of the corresponding PDCCH/EPDCCH  on YCell, for PUCCH format 1bCS,  we propose that the PUCCH resource 
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is implicitly determined by the first CCE 
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 and the HARQ-ACK resource offset field 
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 used for transmission of the corresponding PDCCH/EPDCCH. For PUCCH format 3, if the HARQ-ACK multiplexed on SCell PUCCH falls back to PUCCH 1a/1b/1bCS, the PUCCH resource 
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 is similarly implicitly determined as abovementioned. For the HARQ-ACK feedback with PUCCH 3, if a PDSCH transmissions indicated by detection of the corresponding PDCCH/EPDCCH on FDD YCell or the corresponding PDCCH/EPDCCH with DAI=1 on TDD YCell, the PUCCH resource 
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 is also implicitly determined as abovementioned. 

· For a PDSCH transmission indicated by detection of the corresponding PDCCH/EPDCCH on other DL SCells in the SeNB except YCell, or the corresponding PDCCH/EPDCCH on TDD YCell with DAI >1 for PUCCH 3, the TPC field/the HARQ-ACK resource offset field (for PUCCH 3 in TDD) in the DCI format of the corresponding PDCCH/EPDCCH shall be used to determine the PUCCH resource values from one of the four resource values configured by higher layers.
Proposal 5: Reuse the current mechanism for PCell PUCCH to determine the PUCCH resource on SCell, by taking into account the cells in SeNB only.

4 Conclusions
In summary, we have discussed UCI reporting for dual connectivity and the related PUCCH resource allocation, with the following proposal:
Proposal 1: Independent UCI reporting/transmission and independent PUCCH resource configuration are supported in the MeNB and SeNB.
Proposal 2: Cross-carrier scheduling is supported only between the cells within the same eNB, not between a cell in MeNB and a cell in SeNB.
Proposal 3: Existing UCI reporting mechanism for HARQ-ACK and CSI is reused in the MeNB and SeNB, with PUCCH in MeNB carrying HARQ-ACK and CSI for all the MeNB cells and PUCCH in SeNB carrying HARQ-ACK and CSI for all the SeNB cells.
Proposal 4: Whether to support SR on PUCCH in SeNB is up to RAN2 to decide.
Proposal 5: Reuse the current mechanism for PCell PUCCH to determine the PUCCH resource on SCell, by taking into account the cells in SeNB only.
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