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1 Introduction
Mobility robustness was discussed as a potential challenge for small cells in email discussion [81#32] and in meeting RAN#81bis. For Scenario #1 where pico cells are deployed in the same carrier frequency as macro cells, it was concluded in the email discussion that the results of study item Mobility enhancements in heterogeneous networks (TR 36.839 [1]) can be taken as a reference. For Scenario #2 with picos deployed in a different frequency layer, further evaluations of potential challenges were presented during RAN81#bis meeting suggesting a more pronounced mobility robustness issue for intra-frequency handovers between the pico cells. For this Scenario #2, as well as for Scenario #3, where pico cells are deployed without an overlaying macro cell, further investigations are necessary.
As one solution to mitigate the mobility robustness issues, we presented RRC diversity in our previous contribution [2]. This diversity feature could be realized in a dual connectivity scheme where the UE would be connected to two nodes at the same time. With diversity, e.g., 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.
In this contribution we would like to discuss the benefits of RRC diversity in Section 2 and the scenarios where RRC diversity is applicable in Section 3.
2 Benefits of RRC diversity
In Mobility enhancements in Heterogeneous networks SI and WI (TR 36.839 [1]) as well as the Small cell enhancements SI ([3], TR 36.932 [4]), various simulations were conducted to investigate the mobility robustness issues and gains by certain features. However, it is difficult to argue what is actually the baseline performance for those features, since the simulations results are very sensitive to assumption of e.g. network deployment and handover parameterization. In real networks, the mobility robustness performance strongly depends on how well-tuned a network deployment is towards the local radio conditions and the UE characteristics such as speed. With the currently specified HO parameters, network operators have already today a variety of options to tune their networks. The operators have the possibility to balance the network performance, e.g. between

· Ping-pong ratio and mobility robustness: A too-early handover would increase the ping-pong ratio, while a too-late handover might lead to DL mobility robustness issues in case of a pico outbound handover and additionally UL mobility robustness issues in case of all other handover types (macro-macro, macro-pico etc.). Ping-pongs handovers have the disadvantage of unnecessarily increasing the path-switch frequency and CN load and thus should be minimized.
· Small cell offloading potential and mobility robustness: The higher the CRE for a pico cell is chosen, the more UEs will connect to it increasing the offloading gain as the macro resource utilization is decreased. However, this will decrease the mobility performance in the DL for pico outbound handovers due to strongly interfered PDCCH and lost handover commands. Furthermore, high CRE increase the chance of the UE triggering RLF while connected to the pico cell, e.g. due to false RSRP estimates in low SINR regions. 
With the RRC diversity feature we assume that the UE is able to transmit and receive RRC signalling to or from two separate eNBs. This functionality has multiple advantages that we would like to list in the following:

· DL diversity: PDCCH (for UL grant, DL assignment), PDSCH for Handover command

· UL diversity: SR, Measurement report

· RLF protection: UE could declare RLF only if both links are out of sync, since it maintains a radio link towards each of the eNBs.
It becomes obvious that with RRC diversity, the operators challenge in tuning their networks towards the above mentioned challenges for the local conditions is relaxed, since RRC diversity is able to address all of the potential issues. As RRC diversity implements the diversity in a higher layer without assumption of simultaneous transmission and reception, it works well under the assumption of a non-ideal backhaul and does not require tight coordination or synchronization between the involved cells. Thus, RRC diversity is especially beneficial to lower the operator effort in their network tuning of the handover robustness. 
Observation 1 RRC diversity helps operators lowering their effort in network tuning by addressing multiple potential handover robustness issues.

Observation 2 Since RRC diversity is implemented on a higher layer, tight synchronization of transmission and reception in the involved cells is not required.
3 Scenarios for RRC diversity
In this Section we would like to highlight the scenarios where and how RRC diversity can be beneficial. RRC diversity can be thought of being a generic feature which can be implemented in the network nodes irrespective of its power classes. Hence, the diversity scheme could be utilization not only between pico and macro cells but also among macro cells only or pico cells only.
3.1 Scenario #1 

Macro and small cells on the same carrier frequency (intra frequency) connected via non-ideal backhaul
In Scenario #1, as shown in Figure 1, increased failure rates have been identified in TR 36.839 [1], especially for handovers from pico to macro cells. The problem is that a UE entering a target cell while still connected to a source cell experiences radio link failure (RLF) before it is able to initiate the handover. By expanding the pico cell area with CRE to increase offloading potential, even higher RLF rates can be expected, as also discussed in [5]. 

With RRC diversity, the handover related RRC signalling could additionally be transmitted from or to a potential target cell. It can be expected that the UE entering the coverage area of the target cell will naturally have a better SINR to this cell (especially in case of CRE). RLF could in this case be prevented as long as the UE is able to maintain a connection to at least one of the cells. This will eventually lead to a more successful handover performance (i.e. UE RRC re-establishment procedure and inherent delays are avoided). Obviously, the RRC diversity scheme could also be applied for handovers from the macro to pico cells, between macro or between pico cells. 
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Figure 1: Handover region between macro and pico cell where RRC diversity can be applied. 
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Figure 2: Handover failure rate and throughput.
In Figure 2, the relation between HO failures, user throughput and CRE is shown schematically. For increasing CRE the pico-outbound handover margin increases and more HO failures will occur. The time of stay in the pico cell increases, which offloads the macro cell, leading to a higher average user throughput. To optimize the throughput, the highest acceptable HO failure rate should be chosen as an operation point. Since for RRC diversity lower HO failures can be expected, its operation point for the same maximum acceptable HO failure rate lies at a higher CRE and thus higher throughput [2]
.
Observation 3 In Scenario #1, RRC diversity enables more aggressive handover parameter settings lowering the ping-pong rate or improving offloading to small cells by utilization higher CRE, while keeping the handover failure rate within reasonable bounds.  
3.2 Scenario #2
Macro and small cells on different carrier frequencies (inter frequency) connected via non-ideal backhaul
For Scenario #2, handover robustness had been discussed in RAN#81bis and mobility robustness issues had been observed especially among pico cells on the same frequency. If macro coverage can be guaranteed at all times, it might be possible to keep the mobility anchor, i.e., the RRC connection within the macro cell at all times. Such a scheme has been mentioned e.g. in [6].
However, if macro coverage cannot be assumed at all times (e.g. pico cells deployed at macro cell edges or indoor), RRC diversity becomes beneficial also in this scenario. In Figure 3, for example, a pico to pico intra-frequency handover is assisted by the macro cell, which can optionally be added to provide diversity, if available. In Figure 4, an inter-frequency handover from the pico layer to the macro layer utilizes the diversity connection to the macro cell. In both of the cases, macro coverage might not be available all the time, e.g. not while the UE stays in the pico centre, but it might be available at the pico cell edges, and could be optionally utilized to increase the handover robustness.


[image: image3]Figure 3: Intra-frequency HO between pico cells assisted by macro cell on separate frequency.
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Figure 4: Inter-frequency handover between macro and pico cell.

Furthermore, handover robustness between two macro cells can also be improved by RRC diversity. As discussed in Scenario #1, diversity could be applied between the two intra-frequency macro cells directly, or alternatively the diversity could be provided by a pico cell on a separate frequency, “patching” the macro to macro cell handover.
Observation 4 In Scenario #2, mobility robustness could be achieved by maintaining the RRC connection to the macro cell. However, if macro coverage cannot be guaranteed at all times, RRC diversity becomes beneficial, e.g. to additionally assist a pico to pico handover or a handover from the pico frequency layer to the macro cell.
3.3 Scenario #3
Only small cells on one or more carrier frequencies connected via non-ideal backhaul typically low and medium UE mobility
For Scenario #3, mobility robustness issues have not yet been investigated, however, the observations of higher failure rates for dense pico deployments in Scenario #2 indicate that also in the standalone Scenario #3, robustness failures might occur. 
RRC diversity might be applied also in this scenario by establishing the diversity connection between the two pico cells (source and target) directly, see Figure 5. Since we do not tie the anchor and assisting roles to any eNB power class, also pico cells could act as RRC diversity anchor or assisting node respectively. 

[image: image5]
Figure 5: RRC diversity enabled handover
between two pico cells.

Observation 5 In Scenario #3, potential handover robustness issues could also be solved by RRC diversity. In this case RRC diversity would be applied between the pico cells directly. 
4 Conclusion

In this contribution, we discussed the benefits of RRC diversity and the scenarios where this features may become beneficial. 

Based on the discussion of the general benefits of RRC diversity, we made the following observations: 
Observation 1
RRC diversity helps operators lowering their effort in network tuning by addressing multiple potential handover robustness issues.

Observation 2
Since RRC diversity is implemented on a higher layer, tight synchronization of transmission and reception in the involved cells is not required.
For the respective small cell deployment scenarios we made the following observations for RRC diversity:
Observation 3
In Scenario #1, RRC diversity enables more aggressive handover parameter settings lowering the ping-pong rate or improving offloading to small cells by utilization higher CRE, while keeping the handover failure rate within reasonable bounds.  
Observation 4
In Scenario #2, mobility robustness could be achieved by maintaining the RRC connection to the macro cell. However, if macro coverage cannot be guaranteed at all times, RRC diversity becomes beneficial, e.g. to additionally assist a pico to pico handover or a handover from the pico frequency layer to the macro cell.
Observation 5
In Scenario #3, potential handover robustness issues could also be solved by RRC diversity. In this case RRC diversity would be applied between the pico cells directly. 
As a conclusion, we make the following proposal:

Proposal 1 Confirm observations 1-5 and capture them in TR 36.842
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