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1. Introduction
This paper reports RAN2 status on the Small Cell Enhancements SI [1]. The following topics discussed and agreed up to RAN2 #82 are reported:
1) Target deployment scenarios and expected challenges
2) Potential solutions

3) C/U-plane architecture alternatives
4) RAN2 assumptions to be confirmed by RAN3
2. Report
2.1. Target deployment scenarios and expected challenges
The following deployment scenarios and expected challenges have been identified and studied:
Scenario #1: Macro and small cells on the same carrier frequency (intra-frequency) are connected via non-ideal backhaul.
a) Mobility robustness: In particular increased HOF/RLF upon mobility from pico to macro cells;

Mobility performance in this scenario was analysed in the HetNet mobility SI. RAN2 agreed that the conclusions in TR 36.839 are a baseline for this study.
b) UL/DL imbalance between macro and small cells;

In heterogeneous networks, a UE is said to be in UL/DL imbalance situation if the UE’s best uplink cell and best downlink cell are different. It is FFS whether the UL/DL imbalance and the resulting UL throughput/capacity degradation is a challenge to be addressed in this study.
c) Increased signalling load (e.g., to CN) due to frequent handover;
Due to the increased number of small cells, signalling load due to handover is expected to increase. 

RAN2 agreed that a mechanism to cope with the increase of signalling due to cell change traffic should be considered for all three small cells deployment scenarios.
d) Difficult to improve per-user throughput by utilizing radio resources in more than one eNB;
RAN2 agreed that increasing throughput by utilizing radio resources across macro and pico cells is a challenge with non-ideal backhaul while taking into account QoS requirements.
e) Network planning and configuration effort;
RAN2 agreed that high level description on the expected network planning and configuration efforts is captured in the TR. However, specific solutions for this topic are not discussed under this Study and will be discussed the other SI/WIs, e.g., SON/MDT in later stage.
Scenario #2: Macro and small cells on different carrier frequencies (inter-frequency) are connected via non-ideal backhaul.
a) Mobility robustness;

RAN2 agreed that:

· Inter-frequency mobility robustness in scenario 2 is less of a problem than intra-frequency mobility if no DRX is used.
· There are mobility robustness issues in scenario 2 that may justify studying solutions in this SI (which seem to be similar as the solution considered for enhancing throughput in scenario 2).

· Companies should try to align simulation assumptions and potentially also evaluate expected technology potential (gain) with solutions proposed in this SI. Intention is to capture results in the TR during the next meeting.
· If this challenge is identified, solutions for single Rx/Tx capable UEs should be considered.
b) UL/DL power imbalance between macro and small cells;

Same as Scenario #1
c) Increased signalling load (e.g., to CN) due to frequent handover;
In addition to the agreement for Scenario #1, RAN2 agreed that:
· Keeping the mobility anchor (S1-U and S1-MME) in the macro cell can save signalling overhead towards the CN (path switch) (at least for dual Rx/Tx UEs in scenario 2).
· There is a trade-off between saving CP signalling towards CN and UP overhead on TN due to routing all traffic via the macro as well as inter-eNB signalling.
d) Difficult to improve per-user throughput by utilizing radio resources in more than one eNB;
Same as Scenario #1

e) Network planning and configuration effort;
Same as Scenario #1

Scenario #3: Only small cells on one or more carrier frequencies are connected via non-ideal backhaul.
a) Mobility robustness

RAN2 agreed that up to 3km/h, there is no mobility robustness problem in scenario 3.
b) Increased signalling load (e.g., to CN) due to frequent handover;
Same as Scenario #1

c) Network planning and configuration effort;
Same as Scenario #1

Details are found in the agreed text proposal to TR 36.842 [2].
2.2. Potential solutions

To study potential solutions, the following design goals were agreed [2]:
Mobility robustness:

-
For UEs in RRC_CONNECTED, Mobility performance achieved by small cell deployments should be comparable with that of a macro only network.
Signalling load:

-
Any new solutions should not result in excessive increase of signalling load towards the CN. However, additional signalling and user plane traffic load caused by small cell enhancements should also be taken into account.

User throughput and system capacity improvement:
-
Utilising radio resources across macro and small cells in order to achieve per-user throughput and system capacity similar to ideal backhaul deployments while taking into account QoS requirements should be targeted.
Up to RAN2 #82, the following potential solutions were proposed and discussed in the form of dual connectivity:
· Inter-node radio resource aggregation:
For user throughput and system capacity improvement, aggregation radio resources in multiple eNBs were proposed. RAN2 analysed the potential gain by the simulation results and agreed that:
· For scenario 2 (inter-frequency), inter-node radio resource aggregation shows technology potential in terms of per-user throughput. This observed technology potential justifies investigating protocol architectures. The gains achievable with a realistic realization of inter-node radio resource aggregation, considering e.g. backhaul delay, backhaul capacity and protocol impact, will be evaluated and compared with existing functionalities (e.g. with/without CA, eICIC, …) later.
· For scenario 2 (intra-frequency), there is no consensus that the results show that there is technology potential compared to existing interference coordination functionality which would justify to develops solutions in this SI. Majority of companies think that this should not be progressed in the SI. We will therefore down-prioritize work on throughput enhancements in scenario 1 in this SI. We can consider later whether the protocol architecture developed for scenario 2 can also support this scenario 1.
· RRC diversity:
For mobility robustness, handover signalling diversity, so called RRC diversity was proposed [4]. With RRC diversity, the handover related RRC messages could be conveyed to the UE (or from the UE) via both source (e.g. pico) and target cell (e.g. macro) or another assisting cell. Moreover, out-of-sync consequences such as radio link failures in one of the cells could be prevented as long as the UE is able to receive the RRC signalling from at least one of the cells.
RAN2 agreed to work further on this solution and compare potential solutions developed here in terms of complexity and gain to the solutions developed in the heterogeneous network mobility WI. In this SI we may also look at denser deployments.
· UL/DL split:
For UL/DL imbalance between macro and small cells, UL/DL split was proposed [5]. UL/DL split enables the UE to be connected in DL to the cell which offers the highest DL throughput, while being connected in the UL to the cell which offers the highest UL throughput, which is typically the cell to which the path loss is lowest.
However, there is no consensus that the results show that there is technology potential which would justify to develop solutions for UL/DL split in this SI. Majority of companies think that this should not be progressed in the SI. RAN2 will therefore down-prioritize work on UL/DL split in this SI.
2.3. C/U-plane architecture alternatives

This section briefly explains Potential C/U-plane architecture alternatives for dual connectivity. Initial observation on pros and cons is found in [6, 7].
2.3.1 .U-plane architecture for dual connectivity
With regards to splitting U-plena data, the following options were identified:
-
Option 1: S1-U also terminates in SeNB;

-
Option 2: S1-U terminates in MeNB, no bearer split in RAN;

-
Option 3: S1-U terminates in MeNB, bearer split in RAN.
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Fig.1
Bearer Split Options.
With regards to U-plane alternatives, the following alternatives were identified:
A.
Independent PDCPs: this option terminates the currently defined air-interface U-plane protocol stack completely per bearer, and is tailored to realize transmission of one EPS bearer by one node, but could also support splitting of a single EPS bearer for transmission by MeNB and SeNB with the help of an additional layer. The transmission of different bearers may still happen simultaneously from the MeNB and a SeNB. 
B.
Master-Slave PDCPs: this option assumes that S1-U terminates in MeNB with at least part of the PDCP layer residing in the MeNB. In case of bearer split, there is a separate and independent RLC bearer, also at UE side, per eNB configured to deliver PDCP PDUs of the PDCP bearer, terminated at the MeNB. 

C.
Independent RLCs: this option assumes that S1-U terminates in MeNB with the PDCP layer residing in the MeNB. In case of bearer split, there is a separate and independent RLC bearer, also at UE side, per eNB configured to deliver PDCP PDUs of the PDCP bearer, terminated at the MeNB.

D.
Master-Slave RLCs: this option assumes that S1-U terminates in MeNB with the PDCP layer and part of the RLC layer residing in the MeNB. While requiring only one RLC entity in the UE for the EPS bearer, on the network side the RLC functionality is distributed between the nodes involved, with a “slave RLC” operating in the SeNB. In downlink, the slave RLC takes care of the delay-critical RLC operation needed at the SeNB: it receives from the master RLC at the MeNB readily built RLC PDUs (with Sequence Number already assigned by the master) that the master has assigned for transmission by the slave, and transmits them to the UE. The custom-fitting of these PDUs into the grants from the MAC scheduler is achieved by re-using the currently defined re-segmentation mechanism.

In conjunction with these alternatives, the following alternatives were identified:

-
1A: S1-U terminates in SeNB + independent PDCPs (no bearer split);

-
2A: S1-U terminates in MeNB + no bearer split in MeNB + independent PDCP at SeNB;

-
2B: S1-U terminates in MeNB + no bearer split in MeNB + master-slave PDCPs;

-
2C: S1-U terminates in MeNB + no bearer split in MeNB + independent RLC at SeNB;

-
2D: S1-U terminates in MeNB + no bearer split in MeNB + master-slave RLCs;

-
3A: S1-U terminates in MeNB + bearer split in MeNB + independent PDCPs for split bearers;

-
3B: S1-U terminates in MeNB + bearer split in MeNB + master-slave PDCPs for split bearers;

-
3C: S1-U terminates in MeNB + bearer split in MeNB + independent RLCs for split bearers;

-
3D: S1-U terminates in MeNB + bearer split in MeNB + master-slave RLCs for split bearers.
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Fig.2
RAN U-plane protocol alternatives.

For the U-plane architecture aspects, the followings were agreed:
· Terminologies of Mater eNB (MeNB) and Secondary eNB (SeNB) are used for now, but RAN2 note that this does not imply any functionality aspect. Better terminology may be discussed.
· RAN2 suggests to define Xn as the interface between MeNB and SeNB (to be verified with RAN3).

· RAN2 assumes that there is a risk that Xn delivers packets in the wrong order. (to be verified with RAN3)
· Packet loss on the interface between MeNB and SeNB is rare if the Xn is not the bottleneck.
CN or RAN routing:

· The load increase due to routing via the MeNB is not negligible.

· For the time being we investigate solutions where data is routed via the MeNB as well as those where the data is split in the CN.
2.3.2 .C-plane architecture for dual connectivity

For the C-plane architecture aspects, the followings were agreed:

· From a standards point of view, each eNB should be able to handle UEs autonomously, i.e., provide the PCell to some UEs while acting as assisting eNB for other.
· RAN2 assume that there will be only one S1-MME Connection per UE (requires confirmation by RAN3).
Having these agreements in mind, the following alternatives were identified:
· Alt C1: A single RRC entity is maintained in the UE and the anchor eNB. RRC signaling is transmitted/received via radio resources provided by the anchor cell;

· Alt C2: A single RRC entity is maintained in the UE and the anchor eNB. RRC signaling is transmitted/received via any combination of radio resources of cells (anchor cell and/or assisting) involved in dual connectivity;

· Alt C3: A single RRC entity is maintained in the UE. Each cell involved in dual connectivity maintains an RRC entity which partly interacts with the RRC entity in the UE. For example, RRC signaling can be transmitted/received via radio recourses of the cell in which the corresponding function is maintained. For example, it could be that physical radio resource configuration related parameters for the assisting cell are controlled by and signaled from the assisting cell, whereas other parameters are controlled by and signaled from the anchor cell.

· Alt C4: An RRC entity per each cell involved in dual connectivity is maintained in the UE and in the network. The entities can be dependent or independent of each other. The mechanism for RRC signalling transmission/reception via radio recourses of the cell could be similar with C3.
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Fig.3
Radio Interface C-Plane architecture alternatives for dual connectivity.
To handle the following RRM functions defined in TS 36.300, two alternatives were identified:
· Radio Bearer Control (RBC)

· Radio Admission Control (RAC)

· Connection Mobility Control (CMC)

· Dynamic Resource control (DRA)

· Inter-cell interference coordination (ICIC)

· Alt.1 Centralized RRM and control of radio resources in the anchor eNB

· Alt.2 Distributed RRM and control of radio resources between the anchor eNB and the assisting eNB
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3. RAN2 assumptions to be confirmed by RAN3
This section summarises the RAN2 assumptions/suggestions which needs to be confirmed by RAN3.
1) Define Xn as the interface between MeNB and SeNB.

2) There is a risk that Xn delivers packets in the wrong order. (to be verified with RAN3)
3) There will be only one S1-MME Connection per UE.
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