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1.
Introduction

Dual connectivity is discussed as one of the main technique for higher layer enhancement of small cell enhancement SI [1]. From physical layer perspective, following issues need to be studied [2],

· Physical layer study and evaluation for small cell enhancement higher-layer aspects, in particular concerning the benefits of mobility enhancements and dual connectivity to macro and small cell layers and for which scenarios such enhancements are feasible and beneficial.
In this contribution, we provide our view on physical layer impact of dual connectivity.
2.
Deployment scenario

In this contribution, two deployment scenarios are considered for dual connectivity as show in Fig. 1. In dual connectivity, UE utilizes radio resources provided by two different network points connected with non-ideal backhaul. In Fig.1, Macro or Master eNB (MeNB) utilizes frequency f1 and manages the connection and mobility. Small cell or Secondary eNB (SeNB) utilizes f1 or f2 and improves the user throughput performance.
In Rel-10/11, these types of scenarios were considered as CA scenario 4 (non-co-channel case) or CoMP scenario 3/4 (co-channel case) assuming ideal backhaul between MeNB and SeNB. However, dual connectivity should be supported for non-ideal backhaul.
Considering non-ideal backhaul, frequent information exchange or coordination between MeNB and SeNB can not be assumed. Therefore, it should be possible that MeNB and SeNB can operate as independently as possible with some coordination. For example, HARQ-ACK and/or CSI for each connection need to be exchanged via macro cell and small cell respectively, as shown in Fig. 1. According to the discussion, we propose the general requirement for dual connectivity as follows.

Proposal 1: It should be possible that MeNB and SeNB can operate as independently as possible for dual connectivity.
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Figure 1 Deployment scenario of dual connectivity

3.
L1 impact of dual connectivity
 In this section, we discuss L1 impact of dual connectivity for non-co-channel scenario and co-channel scenario, respectively.
3.1.
Non-co-channel deployment
 In non-co-channel scenario, i.e., SCE scenario 2, UE connects to points on different frequency layers. This operation is similar to CA scenario 4. The main difference is non-ideal backhaul and different UE capability for simultaneous transmission and reception. Below, we discuss uplink and downlink related physical layer issues respectively.
3.1.1
Uplink related issues

 Assuming non-ideal backhaul, UCI (HARQ-ACK and CSI) should be transmitted on MeNB layer and SeNB layer separately. However, in current CA operation, UCI on PUCCH is transmitted only on PCell, or MeNB layer. If there are PUSCH transmissions, UCI is transmitted on PUCCH and/or a PUSCH depending on UE capability and prioritization rules.
 If UE has UL CA capability, UCI transmission on multiple layers can be considered. In this case, UCI for MeNB layer and SeNB layer can be simultaneously transmitted on PUCCHs. For PUSCH, new UCI prioritization rules should be defined between MeNB layer and SeNB layer and between PUSCH and PUCCH, in order to transmit UCI for each layer separately. In addition, closed loop and open loop power control related to PUCCH on SCell or SeNB layer should be defined.
On the other hand, if UE has no UL CA capability, PUCCH and PUSCH need to be transmitted using TDM manner. However, regardless of UL CA capability, UCI needs to be transmitted separately for MeNB layer and SeNB layer, i.e., PUCCH on SeNB layer (SCell) need to be supported. Related power control enhancement is also needed.

Therefore, we propose that:

Proposal 2: UCI on PUCCH should be transmitted on MeNB layer (PCell) and SeNB layer (SCell) separately.
Proposal 3: New UCI priority rules between layers and between PUSCH and PUCCH should be considered.
Proposal 4: Closed loop and open loop power control for PUCCH on SeNB layer (SCell) should be defined.
Regarding UL CA capability, it should be noted that TDM transmission for UL results in the restriction of DL transmission because of timing relationship between DL and UL. In addition, time for RF switching may restrict scheduling flexibility. Furthermore, if UL transmission timing of MeNB layer and SeNB layer is different, TDM based dual connectivity will be more complex. Therefore, we propose that:
Proposal 5: For non-UL CA capable UE, TDM based dual connectivity can be used. 
However, TDM operation should be carefully studied taking scheduling restriction into account due to timing relationship of UL and DL, time for RF switching, etc.
3.1.2
Downlink related issues

For DL, HARQ-ACK for PUSCH, i.e. PHICH can be transmitted on each layer. Therefore, physical layer impact for dual connectivity may be smaller than UL. In addition, compared to UL, UE can more easily support DL CA capability, i.e. simultaneous DL reception. 
However, it is difficult for UE to support DL CA for all the band combinations. Therefore, similar to UL, TDM based dual connectivity can be considered but time for RF switching will also have impact for scheduling flexibility.
In Rel-11 CA and multiple TA, PRACH preamble can be transmitted on SCell, but associated Msg2 or RAR is transmitted on PCell. Therefore, in order to support independent operation between MeNB and SeNB, RACH (RAR) on SeNB layer may be required. In order to allow this, CSS on SCell also needs to be considered.
Proposal 6: RACH and CSS on SeNB layer (SCell) need to be considered.
3.2.
Co-channel deployment
 For co-channel deployment, i.e. SCE scenario 1, dual connectivity is also considered to improve mobility robustness (RRC diversity) and to deal with UL/DL imbalance between macro cell and small cell, etc. Although co-channel operation is similar to Rel-11 CoMP, considering non-ideal backhaul for dual connectivity, TDM based operation based on semi-static point selection can be considered for co-channel case.
For DL, DCI and PDSCH can be transmitted on different transmission points using CoMP and EPDCCH mechanism.

 As for UL, similar to non-co-channel case, UCI needs to be transmitted to MeNB or SeNB separately and separate power control needs to be considered.
Proposal 7: For co-channel deployment, UCI and power control enhancement need to be considered.
4.
Conclusions
In this contribution, we provide our view on physical layer impact on dual connectivity. Based on the consideration, as the general requirement, we propose that:

Proposal 1: It should be possible that MeNB and SeNB can operate as independently as possible for dual connectivity.
For non-co-channel deployment, we propose that:
Proposal 2: UCI on PUCCH should be transmitted on MeNB layer (PCell) and SeNB layer (SCell) separately.

Proposal 3: New UCI priority rules between layers and between PUSCH and PUCCH should be considered.

Proposal 4: Closed loop and open loop power control for PUCCH on SeNB layer (SCell) should be defined.
Proposal 5: For non-UL CA capable UE, TDM based dual connectivity can be used. 
However, TDM operation should be carefully studied taking scheduling restriction into account due to relationship of UL and DL, time for RF switching, etc.

Proposal 6: RACH and CSS on SeNB layer (SCell) need to be considered.
For co-channel deployment, we propose that;
Proposal 7: For co-channel deployment, UCI and power control enhancement need to be considered.
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