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1 Introduction

In the RAN1#76 meeting, the following working assumptions and agreements were reached for dual Connectivity:
Working assumption:
· Dual connectivity should support the scenarios where UE can assume the maximum received timing difference from MeNB and SeNB is 31.3 + X micro sec
· Note: The value X is up to RAN4 decision on the potential requirements of synchronization accuracy between MeNB and SeNB
· Dual connectivity should support the scenarios where UE can not assume any maximum timing difference from MeNB and SeNB

· SFN-level alignment across MeNB and SeNB is up to RAN2 decision
Agreements:
· At least following schemes are supported
· At least the following, uplink control information (UCI) related to the PDSCH/PUSCH operation in SCG is transmitted to the SeNB only

· HARQ-ACK for PDSCH of SCG cells

· Periodic and aperiodic CSI of SCG cells

· HARQ-ACK and CSI related to MCG is transmitted to the MeNB only

· In SCG, the UCI transmission rules as in Rel-11 are supported, with the Pcell replaced by the pSCell:

· Physical channel (PUCCH or PUSCH) in which UCI is transmitted

· Selection of the cell in which UCI is transmitted in case of UCI on PUSCH

· Selection of PUCCH resources for HARQ-ACK

· Periodic CSI dropping rules

· Handling of UCI combinations

· HARQ-ACK timing and multiplexing
In this contribution further details of the uplink channels transmission of dual connectivity were discussed.
2 Uplink channel transmission in the current specification
In CA scenarios, uplink control information can be carried by PUCCH, PUSCH, or by PUCCH and PUSCH simultaneously. 
In particular, PUCCH-ConfigCommon and PUCCH-ConfigDedicated are used to specify the common and the UE specific PUCCH configuration respectively. Within PUCCH-ConfigCommon, the common parmeters for PUCCH format 1/1a/1b/2/2a/2b resource allocation are configured while UE-specific parameters like pucch-Format-r10 including format3-r10 and channelSelection-r10, simultaneousPUCCH-PUSCH-r10, and etc are configured through PUCCH-ConfigDedicated. For PUSCH, there are also PUSCH-ConfigCommon to specify the common PUSCH configuration, the reference signal configuration for PUSCH and PUCCH, and PUSCH-ConfigDedicated used to specify UE specific PUSCH configuration. The PUCCH and PUSCH configuration parameters are listed as the Table 1 [1].
Table 1 PUCCH and PUSCH configuration parameters
	
	PUCCH
	PUSCH

	Cell-specific configuration
	PUCCH-ConfigCommon
	PUSCH-ConfigCommon

	UE-specific configuration
	PUCCH-ConfigDedicated
	PUSCH-ConfigDedicated


For a Rel.11 CA UE, the uplink channel transmission depends on the configuration of serving cell number, “simultaneousPUCCH-PUSCH-r10”, “PUSCH scheduling situation”, UCI type to be transmitted, and etc. For example, if more than one serving cell is configured and the UE is not configured for simultaneous PUSCH and PUCCH transmission, when the UE is transmitting PUSCH on the primary cell, the UCI carrying periodic CSI and HARQ-ACK will be transmitted on PUSCH of the primary cell unless the primary cell PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure, in which case UCI is not transmitted. Whereas if the UE is configured with simultaneous PUSCH and PUCCH transmission, the HARQ-ACK is transmitted on PUCCH using format 1a/1b/3 and the periodic CSI is transmitted on PUSCH unless the primary cell PUSCH transmission corresponds to a Random Access Response Grant or a retransmission of the same transport block as part of the contention based random access procedure, in which case periodic CSI is not transmitted. 

3 Uplink channel transmission of dual connectivity

As agreed in the RAN1#76 meeting, HARQ-ACK, periodic and aperiodic CSI of MCG cells and SCG cells should be transmitted to MeNB and SeNB respectively. At the same time in the SCG, the UCI transmission rules are as in Rel-11. Considering the MCG cells and SCG cells is most likely be located in separate frequency bands, the UE capability like simultaneous PUCCH and PUSCH transmission, pucch-Format-r10, and etc could be different in the band of MeNB and SeNB. As a result, the most straightforward way should be applying the mechanism defined in CA into the MCG and SCG independently which also allow the flexibility for each eNB to configure these parameters according to their own scheduling strategy. To support this, the UE should be configured separate PUCCH/PUSCH related parameters as in Table 1 for each cell group of dual connectivity. That is, each cell group has independent PUCCH-ConfigCommon, PUCCH-ConfigDedicated, PUSCH-ConfigCommon, PUSCH-ConfigDedicated related parameters, and etc.
The possible uplink channels combinations for carrier aggregation scenario in the current specification take into account the number of configured serving cell(s), and capability of simultaneous PUSCH and PUCCH transmission, as summarized in Table 2 [2],.

Table 2 uplink channels combinations for current carrier aggregation scenario
	
	Set I: Not configured simultaneous PUSCH and PUCCH transmissions 
	Set II: Configured simultaneous PUSCH and PUCCH transmission

	Case A: single serving cell is configured 
	A. I.1 PUCCH using format 1/1a/1b/3 or 2/2a/2b
A. I.2 PUSCH with periodic CSI and/or HARQ-ACK , or aperiodic CSI, or aperiodic CSI and HARQ-ACK
A. I.3 PUSCH without UCI
	A. II.1 PUCCH using format 1/1a/1b/3 

A. II.2 PUCCH using format 1/1a/1b/3+PUSCH without UCI

A. II.3 PUCCH using format 2
A. II.4 PUCCH using format 2+PUSCH without UCI

A. II.5 PUCCH with HARQ-ACK/HARQ-ACK+SR/positive SR using format 1/1a/1b/3+PUSCH with periodic/aperiodic CSI

A. II.6 PUSCH without UCI

	Case B: more than one serving cell is configured
	B. I.1 PUCCH using format 1/1a/1b/3 or 2/2a/2b
B. I.2 PUSCH with aperiodic CSI or aperiodic CSI and HARQ-ACK, or with periodic CSI and/or HARQ-ACK
B. I.3 one or multiple PUSCH without UCI
	B. II.1 PUCCH using format 1/1a/1b/3 or 2/2a/2b
B. II.2 PUCCH with HARQ-ACK using format 1a/1b/3 + PUSCH with periodic CSI
B. II.3 PUCCH with HARQ-ACK using format 1a/1b/3 + PUSCH with periodic CSI+PUSCH without UCI

B. II.4 PUCCH with HARQ-ACK/HARQ-ACK+SR/positive SR using format 1/1a/1b/3+PUSCH with aperiodic CSI
B. II.5 PUCCH with HARQ-ACK/HARQ-ACK+SR/positive SR using format 1/1a/1b/3+PUSCH with aperiodic CSI + PUSCH without UCI

B. II.6 one or multiple PUSCH without UCI


In case of DC, since MCG and SCG each has the separate PUCCH/PUSCH configurations, some new cases of UL channels combination other than the cases in CA scenario would be introduced. For example, if single serving cell, and no simultaneous PUSCH and PUCCH transmission is configured in the MCG while more than one serving cell and simultaneous PUSCH and PUCCH transmission is configured in the SCG, there is possibility of simultaneous A. I.1(PUCCH using format 1/1a/1b/3 or 2/2a/2b) to MeNB and B. II.2 (PUCCH with HARQ-ACK using format 1a/1b/3 + PUSCH with periodic CSI) to SeNB transmission. 
Proposal 1: 
- The DC UE should at least have separate PUCCH/PUSCH configurations for each cell group o considering possible UE capability difference and eNB scheduling strategy. 
- Support the new cases of UL channel combinations across 2 cell groups.
Considering the possible extension of mechanisms in DC into carrier aggregation scenario, in case of Macro cell as Pcell and a number of small cell carriers as Scell, The PUCCH transmission in special cell of SCG could alleviate the heavy PUCCH load in Pcell. However, for the ideal backhaul assumption in carrier aggregation case, separately configured PUCCH format3 on the Pcell CG and special Scell CG is not needed, considering one PUCCH format3 capacity is large enough to cover the HARQ-ACK feedbacks of all cells within 2 CGs. Also two simultaneous PUCCH format3 channel will degrade the efficiency of PUCCH offloading and PUCCH reception performance. For other PUCCH formats of format 1/1a/1b/2/2a/2b, however, since PUCCH-ConfigCommon has reserved the PUCCH resources in a cell common manner, simultaneous transmission has less impact on the load situation.
Propose 2: For extension of DC mechanism into CA case, transmission of PUCCH format 3 and format 1/1a/1b/2/2a/2b should be separately configured. That is, one single PUCCH format 3 can be configured to cover HARQ-ACK feedbacks of all serving cells and carried by Pcell or the special Scell. 
4 Conclusions
In this contribution we investigated uplink channels transmission of dual connectivity and have the following proposals:
Proposal 1:
 - The DC UE should at least have separate PUCCH/PUSCH configurations for each cell group o considering possible UE capability difference and eNB scheduling strategy. 

- Support the new cases of UL channel combinations across 2 cell groups.
Propose 2: For extension of DC mechanism into CA case, transmission of PUCCH format 3 and format 1/1a/1b/2/2a/2b should be separately configured. That is, one single PUCCH format 3 can be configured to cover HARQ-ACK feedbacks of all serving cells and carried by Pcell or the special Scell.
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