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1. Introduction
In the last RAN#58 meeting, RAN agreed to initiate a study item (RP-122033 [1]) on Small Cell enhancements for E-UTRA and E-UTRAN – Higher-layer aspects.

One of the study item objectives is to:
-
Identify and evaluate potential architecture and protocol enhancements for the scenarios in TR 36.932 and in particular for the feasible scenario of dual connectivity and minimize core network impacts if feasible, including:

-
Overall structure of control and user plane and their relation to each other, e.g., supporting C-plane and U-plane in different nodes, termination of different protocol layers, etc.

This contribution considers the air interface aspect related to the uplink control operation for dual connectivity.
2. Discussion
The Rel-11 carrier aggregation (CA) feature allows aggregation of up to five component carriers (CCs) on uplink (UL) and downlink (DL) at a UE, where all CCs are configured from the same eNB. In addition, the UL control channel (PUCCH) is configured only on the primary cell (PCell), irrespective of the number of configured UL CCs, conveying the control for all configured CCs on a single CC. 

In the case of dual connectivity, the CCs may be located at different eNBs and so the assumption that multi-CC control conveyed on one CC is readily available for processing for all CCs at the eNB may no longer be applicable. In this case, the Rel-11 defined single PUCCH on the PCell would involve the need for forwarding the control to the other eNB over the backhaul, incurring additional delays and impacting the operation timeline (e.g. HARQ timeline).  
As stated in TS 36.932 [2] in section 6.1.3, the non-ideal backhaul may have a latency of up to 60 ms which does not accommodate uninterrupted HARQ operation. Namely, for FDD DL operation there can be up to eight HARQ processes, and after 8ms the same HARQ process of a UE can be scheduled again. The timeline of 8ms includes 1 ms for PDSCH transmission, 3ms for UE processing, 1ms for PUCCH transmission (carrying HARW feedback for the PDSCH transmission), and 3ms for eNB processing. An additional delay in PUCCH delivery, hence delay in the HARQ feedback, to the serving eNB would prevent the eNB from scheduling the UE continuously. Therefore, a mechanism needs to be provided to allow timely reception of the control information transmitted on UL to each of the eNBs serving a UE in a dual connectivity scenario. 
Proposal 1: No additional delays in HARQ feedback delivery to the DL scheduling cell is introduced in dual connectivity operation.  
3. Dual Connectivity PUCCH Options
Several options for conveying the PUCCH to each of the eNBs involved in the dual connectivity operation are possible. We consider them here with respect to the UE capability in terms of number of UL carriers supported simultaneously.

3.1
Single UL carrier capable UE
For a single UL carrier capable UE, i.e. not supporting simultaneous transmissions on multiple UL carriers, if single UL carrier is utilized, PUCCHs corresponding to each of the eNBs may be transmitted in TDM, FDM, or joint transmission manner (Figure 1 – lower UE). 
Otherwise, if multiple UL carriers are utilized, only one UL carrier can be used at the time, hence TDM of carriers for PUCCH transmissions corresponding to each eNB is required (Figure 1 – upper UE).

[image: image1.emf]f

1

f

2

f

1

f

1

TDM, FDM, or jointTx

TDM


Figure 1: PUCCH multiplexing for single UL carrier capable UE
3.2
Multi UL carrier capable UE
For a multi UL carrier capable UE, i.e. supporting simultaneous transmissions on multiple UL carriers, the simplest approach to transmit corresponding eNBs’ control on UL is to configure separate PUCCH for each eNB on a separate UL carrier. An example is shown in Figure 2.
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Figure 2 PUCCH multiplexing for multi UL carrier capable UE

4. Analysis
The support of multiple PUCCHs for the single UL carrier capable UE involves considerable standardization effort and/or performance impact. In the case of TDM, it may be difficult to dynamically switch between two (or more) carrier frequencies for a single Tx chain UE without transmission interruption. Such operation also requires A/N bundling and additional CSI feedback considerations that would impact the DL performance. The FDM or joint PUCCH transmission requires revisiting of the PUCCH design at the lower layers. Finally, the support of a scenario where serving cells belong to different timing adjustment group (TAG) would be challenging due to the transmission overlap during every TDM transmission switching and even not possible for the FDM and joint PUCCH approach.  

Alternatively, the support of multiple PUCCHs where a PUCCH for each eNB is mapped on the corresponding UL carrier used for communication with that eNB, provides a relatively transparent and simple solution without significant specification impact and compromised performance. It also enables operation where different eNBs in the dual connectivity belong to different TAGs. This approach assumes the support of simultaneous transmission on multiple UL carriers at a UE, i.e. multi UL capable UE. 
Therefore, in order to support dual connectivity scenario without introducing significant specification effort and compromising performance, we conclude that UE needs to be multi UL carrier capable and PUCCH for each of the eNBs needs to be configured on a separate corresponding UL carrier. PUCCH structure and procedures can then be reused from the Rel-11 specification. 
Proposal 2: Dual connectivity is applicable to multi UL capable UEs only.

Proposal 3: Dual connectivity operation requires separate UL carriers at each eNB with a separate PUCCH for each eNB where each PUCCH is transmitted simultaneously on the corresponding UL carrier for the eNB.  
5. Conclusion
Based on the discussion presented in the paper, we conclude that in order to support dual connectivity scenario without introducing significant specification effort and compromising performance, UE needs to be multi UL carrier capable and PUCCH for each of the eNBs needs to be configured on a separate corresponding UL carrier. PUCCH structure and procedures can be reused from the Rel-11 specification. 
Proposal 1: No additional delays in HARQ feedback delivery to the DL scheduling cell is introduced in dual connectivity operation.

Proposal 2: Dual connectivity is applicable to multi UL capable UEs only.

Proposal 3: Dual connectivity operation requires separate UL carriers at each eNB with a separate PUCCH for each eNB where each PUCCH is transmitted simultaneously on the corresponding UL carrier for the eNB.  
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