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Discussion and Decision
1. Introduction 
At the RAN2 #82 meeting, it was decided to discuss UE capabilities ([82#18][LTE/SCE] UE capabilities (Intel)) through e-mail. The purpose of the e-mail is to clarify minimum UE capabilities for dual connectivity.
          [82#18][LTE/SCE] UE capabilities (Intel)

-
Discuss UE capabilities such as single- or multi TX/RX. 

-
Should clarify minimum UE capabilities that should be considered for each challenge (signalling load, mobility robustness and throughput)

=>
Intended outcome: Email discussion report and TP to TR 36.842

Interesting discussions were held during the e-mail discussion and we also briefly expressed our views to the e-mail reflector. In this contribution, we try to explain our assumption and suggestions in more detail to progress the discussion.
2. Discussion
Most companies showed their views in the e-mail discussion that UE capabilities are not directly related to Scenario #1. The reason is that a TDM operation is sufficient to share single radio resource in intra-frequency deployments. Only single Rx/Tx RF chain is needed for co-channel deployments and multiple Rx/Tx RFs may become redundant. Hence, in the contribution we focus on minimum UE capabilities and possible procedures for Scenario #2.

For Scenario #2, it is clear that CA capable UEs (e.g. multiple Rx/Tx UEs) can improve user throughput and mobility robustness. The enhancements would be supported with minimum spec. change such as parallel PUCCH, PHR, and BSR. Therefore, multiple Rx/Tx UEs should be the starting point for the discussion of challenges and solutions in Scenario #2.
Then, the remaining issues are how to support single Rx/Tx capable UEs in Scenario #2 as RAN2’s consensus was captured in TS 36.842 (Annex E). The issue is extended to multiple Rx/single Tx UEs.
-
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.
For single Rx/Tx UEs, the issue is tightly related to the discussion of HetNet mobility enhancements WI. We think the key difference would be the network architecture since the modification of the network architecture is not the scope of HetNet WI. If we assume the new network architecture between MeNB and SeNB (e.g. Xn), mobility anchoring would be easily supported. It can reduce signalling load and enhance mobility robustness and the feature can be applied by keeping UE contexts in the MeNB. The procedure doesn’t require additional PHY/RF operations, so the feature can be a baseline to all UEs for dual connectivity. Therefore, we propose the network should provide mobility anchoring feature to all UEs including single Rx/Tx capable UEs for signalling load and mobility enhancements.
Proposal 1. Mobility anchoring in an MeNB should be supported regardless of UE capabilities.
Besides mobility anchoring, UE can utilize multiple radio resources provided by different eNBs with dual connectivity. It is well known that single Rx/Tx UEs may be hard to employ dual connectivity because of TDM operations. The TDM operation requires RF switching time and scheduling interruption, which obstruct resource utilization. However, mobility robustness can be achieved if the UE has a capability to monitor multiple downlink channels periodically. Using the capability, the UE can measure and directly switch to the other carrier based on the channel state.
In the HetNet WI discussion, pico to macro handover performance (HO failure rates) showed the worst performance. The major cause was the failure of the handover command message since pico cell’s signal is dropped rapidly when a UE moves out from the pico cell’s coverage. If we provide dual connectivity to the single Rx/Tx UEs, handover failure rates related to the scenario would be reduced. To reduce the failure, network can establish a dual connection when a UE enters into a small cell to prepare a pico to macro handover situation. When the UE moves to the edge of small cell, the UE can avoid the failure by dual connection. Then, the UE can easily switch to the macro cell carrier without using handover procedure.
With regard to the TDM operation, dynamic or static configuration can be considered for sharing radio resources. If it is implemented by dynamic manner, the burden of scheduler and signalling may be increased. But, dynamic reconfiguration enables adaptive switching between carriers which reduces throughput degradation. On the contrary, static configuration reduces flexibility, but it can minimize signalling overhead and complexity. More clarification is needed and it would be left to the WI phase.
Proposal 2. For single Rx/Tx UE, dual connectivity should be supported by employing a TDM approach.

For multiple Rx/single Tx UE, we need to consider this issue as a way of Rel-11 UE enhancements. Because Rel-11 UE supports CA (on downlink), the capability can be reused for inter-node radio resource aggregation. Then, it can enhance both user throughput and mobility robustness. In this case, UE’s single uplink transmission capability is a bottleneck for downlink resource aggregation in non-ideal backhaul deployments. However, various solutions for avoiding uplink limitation can be considered such as longer HARQ RTT and time-switched PUCCH transmission. Take into account user throughput, if we configure uplink channel more efficiently to the downlink carrier which has better channel conditions, we could get downlink throughput enhancements. Thus, we propose that multiple Rx/single Tx UEs should be considered for user throughput challenge in Scenario #2.
Proposal 3. For multiple Rx/single Tx UE, inter-node radio resource aggregation should be considered as a way of Rel-11 UE enhancements.
3. Conclusion
In this contribution, we have provided our views on minimum UE capabilities for challenges and potential approaches. In addition, we proposed the following suggestions for finalizing study item phase.
Proposal 1. Mobility anchoring in an MeNB should be supported regardless of UE capabilities.
Proposal 2. For single Rx/Tx UE, dual connectivity should be supported by employing a TDM approach.

Proposal 3. For multiple Rx/single Tx UE, inter-node radio resource aggregation should be considered as a way of Rel-11 UE enhancements.
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