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Discussion and Decision
1. Introduction 
In RAN2 #81bis, deployment scenarios and challenges for small cell enhancements were discussed and many issues were resolved and captured in TR 36.842 [1]. In the discussion, Scenario #2 is a crucial deployment scenario for small cells operating at higher frequency (e.g. 3.5 GHz).

Scenario #2: Macro and small cells on different carrier frequencies (inter-frequency) are connected via 




non-ideal backhaul. 
In this contribution, we consider mobility procedure for Scenario #2 to identify potential issues which are required for inter-frequency mobility enhancements.
2. Discussion
Related to Scenario #2, following decisions were made in the RAN2 #81bis meeting [1].

· For Scenario #2, CA can be considered as a way of utilising multiple cell resources as specified in TS 36.300. Nevertheless, Rel-10/11 CA assumes that small cells are served by low power RRHs using ideal backhaul. With non-ideal backhaul between macro and small cells, Rel-10/11 CA cannot work due to larger backhaul latency.
· Further study SCE Scenario #2 regarding robust inter-frequency mobility. If we identify mobility robustness issues for scenario 2, we should also consider solutions for single RX/TX capable UEs.
In order to implement the decision, it would be better to reuse the Rel-10/11 CA procedure to support inter-frequency deployments. Even though the Rel-10/11 CA procedure only assumes intra-eNB and intra-site architecture, it can be efficiently extended to accommodate Scenario #2. This approach could minimise specification efforts comparing with the introduction of new procedure. Also, the procedure was already verified in the Rel-10/11 WI phase and the CA procedure would be more suitable than modifying Rel-10/11 handover procedure for Scenario #2.
Proposal 1: Rel-10/11 CA procedure is reused as a mobility procedure for Scenario #2.

For Scenario #2, CA capable UE should be the baseline for specification. It means the UE has dual RX/TXs capability and conforms to Rel-11 procedure. Considering physical layer, some modifications are needed, e.g. parallel PUCCH transmission, to support dual connectivity feature and the issue will be discussed in RAN1. 
Measurements for mobility would be the same as the Rel-10/11 procedure. In TS 36.300, RAN2 already decided that inter-frequency measurement refers to the operation which requires measurement gap. Hence, CA capable UE can utilize its CA feature to avoid gap handling for different frequency deployments. The approach could minimise battery consumption and avoid scheduling limitation.
The major specification issue is the Rel-10/11 CA only supports intra-eNB architecture, so the CA procedure requires additional operations for dual connectivity. Therefore, we need to extend the procedure for inter-eNB architecture where macro and small eNBs are linked with non-ideal backhaul. 

Through analysis and clarification of the Rel-10/11 CA, we summarized that the following considerations are required to support Scenario #2.
· Macro eNB configuration
Regarding network configuration, macro eNB is an anchoring point for small eNBs for dual connectivity. So, the macro eNB relays downlink packets to a configured small eNB via X2 interface and the small eNB transmits packets to a UE through its operating frequency. On uplink, UE’s uplink packets can be transmitted via macro and small cell’s operating frequencies and the small cell conveys received packets to macro eNB. Detailed control/user plane architectures will be decided by RAN2’s CP/UP architecture discussions. In addition, the macro eNB stores small eNB’s information, such as cell ID, location, transmit power, etc.
· UE capability transfer
UE transmits its capability to eNB and the eNB controls UEs based on the received capability. Accordingly, UE’s dual connectivity capability should be transferred to an eNB and the eNB manages the UE as a candidate of dual connection. The procedure can be implemented by adding an indicator in the RRC message (UECapabilityInformation).
When a macro eNB determines that a UE requires handover to small cell which is located in the macro cell coverage, the macro eNB initiates dual connection procedure by considering UE’s capability, buffer status, reported signal power, and UE mobility information.

· Network preparation 

Since the Scenario #2 assumes non-ideal backhaul and inter-eNB architecture, we have to devise X2 messages to prepare network signaling between macro and small eNBs. The message includes UE information and small eNB’s radio resource information. Discussions related to X2 interface is RAN3’s responsibility, but the signaling would be similar to the X2 Handover Preparation procedure (e.g. HANDOVER REQUEST, HANDOVER REQUEST ACKNOWLEDGE).

The procedure is only related to the X2 interface and UE doesn't involve the procedure.
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Figure 1. Mobility Scenario #2 

· SCell activation

Rel-10/11 CA procedure is composed of RRC configuration and MAC SCell activation. For UE, RRCConnectionReconfiguration message is the trigger to the dual connectivity configuration. The message includes sCellToAddModList and stag-ToAddModList and some fields would be added such as PUCCH configuration for SCell. 
After the RRC configuration of SCell, MAC CE can activate small cell’s carrier as an SCell. We believe that the macro eNB should work as a PCell for mobility robustness because of larger coverage. Furthermore, the macro eNB can continuously transmit data without being blocked by mobility state.
· Random access

Rel-11 CA provides multiple TAGs (Timing Advance Group) for uplink synchronisation. If a UE needs different uplink timing between macro and small cells, STAG can be configured and random access procedure will be performed by UE.
Similar to the Rel-11, contention-free RACH is used for small cell and the PDCCH for RACH information is transmitted from macro eNB. Assuming macro cell coverage, macro eNB’s control channel’s quality would be good to UE which is located in the small cell coverage. So, the same RACH procedure as the Rel-11 CA would be sufficient to Scenario #2.
Proposal 2: Macro eNB should works as a PCell for mobility robustness.
Proposal 3: X2 signaling should be added for macro and small eNBs (RAN3 issue).

3. Conclusion

In this contribution, we described a mobility procedure for Scenario #2 and suggested the following proposals.

Proposal 1: Rel-10/11 CA procedure is reused as a mobility procedure for Scenario #2.

Proposal 2: Macro eNB should works as a PCell for mobility robustness.
Proposal 3: X2 signaling should be added for macro and small eNBs (RAN3 issue).
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