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1. Introduction
In the last meeting, the UE’s Rx/Tx capability for dual connectivity was discussed, and the potential gain needs to be further evaluated for the candidate solutions of dual connectivity. This contribution gives our analysis on this issue. 
2. Discussion
2.1. Alternatives of UE capability

In dual connectivity, the UE has simultaneous connections with MeNB and SeNB. For data transmission or reception, there are four candidate capabilities.
· Alt 1: Multi-Rx and Multi-Tx;

· Alt 2: Single-Rx and Single-Tx;
· Alt 3: Multi-Rx and Single-Tx;

· Alt 4: Single-Rx and Multi-Tx.

Since the UE’s traffic model is usually such that the amount of downlink traffic is no less than that of the uplink traffic, and the legacy UE’s capability is that Rx capability is no less than Tx. Thus Alt 4 is unreasonable and should be excluded. 
Proposal 1: Single-Rx and Multi-Tx UE should not be considered for dual connectivity. 
For Alt 1, 2 and 3, the analysis is given in the following sections from the aspects of deployment scenarios, U-plane architectures, and MAC scheduler/HARQ operation.
2.2. Deployment scenarios

According to the deployment scenarios in TR 36.842, the requirement of UE’s capability is different for intra-frequency and inter-frequency scenario. 

· Intra-frequency scenario
The UE connects with MeNB and SeNB at the same frequency. Considering the UE’s RF architecture and interference issue, simultaneous data transmission/reception in multiple cells is impossible. Then single-Rx and Single-Tx UE (i.e. Alt 2) is sufficient. 
Due to the challenges given in TR 26.842, dual connectivity may be used for mobility robustness, signaling load reduction. Considering the potential mobility anchor solution to signaling load reduction, it cannot be considered as one factor to determine UE’s capability, since it is not actually related to UE’s transmission/reception. For mobility robustness, if RRC diversity is identified to be useful, the network should consider utilizing TDM solution to coordinate inter-eNB resource in order to avoid data transmission/reception collision. On the other hand, if the mobility robustness solutions from the HetNet WI are considered to be sufficient in this scenario, it is also possible to not support RRC diversity for intra-frequency scenario in SCE. 
· Inter-frequency scenario

The UE connects with MeNB and SeNB in the different frequencies. The challenges related to the capability are mobility robustness and UE throughput improvement. For throughput improvement, considering that multiple cells’ resource should be used simultaneously for data transmission and independent HARQ feedback directly toward the corresponding eNB is necessary, the UE should have Multi-Rx and Multi-Tx capability (Alt 1). For mobility robustness, to avoid the RF retuning and measurement gap, Multi-Rx and Multi-Tx capability is also necessary.
Observation 1: In intra-frequency scenario, UE capability with Single-Tx and Single-Rx should be considered.
Observation 2: In inter-frequency scenario, only UE capability with Multi-Tx and Multi-Rx should be considered.
2.3. U-plane architectures
In [1], there are three bearer split options.  
-
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.

For Option 1 and 2, the traffic of one special EPS bearer is only via MeNB or SeNB, including uplink and downlink. If the UE cannot support simultaneous transmission or reception in both cells, the traffic of two EPS bearers via different cells cannot be scheduled in one subframe, and extra traffic delay would be introduced. Hence, Multi-Rx and Multi-Tx UE is required. 
For Option 3, the data of one EPS bearer can be transmitted in multiple cells. If UE has no simultaneous Rx/Tx capability, some new mechanism has to be designed to avoid the data transmission collision. 
Observation 2: For option 1 and 2 in U-plane architecture, only UE capability with Multi-Tx and Multi-Rx should be considered. 
2.4. MAC scheduler/HARQ operation
In dual connectivity, there are separate MAC schedulers in MeNB and SeNB. Each scheduler should schedule the UE according to the HARQ timing and scheduling timing. If the data exchange via Xn interface is involved in MAC scheduling, new HARQ or scheduling timing have to be introduced due to the non-ideal backhaul delay (i.e. 5 ~ 60ms). This will introduce new complexity to UE and network. In addition, since the new HARQ RTT become longer, to keep continuously data transmission, the HARQ process number needs to be increased and more UE’s memory is required. Hence, to avoid such complexity and new requirement for the UE, HARQ timing and scheduling timing should not be impacted. In other words, the transmission and related feedback should not across eNBs, and scheduling signaling and scheduled data should also be in the same eNB. 
Proposal 2: HARQ operation (i.e. transmission and related feedback) and scheduling scheme (PDCCH and related PDSCH/PUSCH) should not be across eNBs. 

According to Proposal 2, for each alternative of UE capability, there is no problem for Single-RxTx and Multi-RxTx UE (i.e. Alt 1 and Alt 2), but for Multi-Rx and Single-Tx UE (i.e. Alt 3), although UE has Multi-Rx capability, due to the restriction on Tx, the UE’s downlink throughput will be negatively impacted. In addition, the network’s scheduling is restricted and should consider more on the coordination between uplink and downlink transmission and the coordination between the two cells downlink transmission. Then more complexity is introduced. 
Observation4: to support Multi-Rx and Single-TX UE for dual connectivity, more restriction and complexity would be introduced to the network, and the UE’s downlink throughput will be negative impacted. 
Based on Observation 2, 3 and 4, considering less gain and more complexity brought by the Multi-Rx and Single-Tx UE, it is proposed not to consider this capability for dual connectivity.  
Proposal 3: Multi-Rx and Single-Tx UE should not be considered for dual connectivity.
According to the above analysis, we propose to exclude Alt3 and Alt4. If the intra-frequency scenario is supported, single Rx/Tx UE capability can be considered in this scenario.

Proposal 4: The UE capability with Multi-Tx and Multi-Rx should be considered in dual connectivity.

Proposal 5: If intra-frequency scenario is supported, the UE capability with Single-Tx and Single-Rx can be considered.
3. Conclusion
Based on the analysis in section 2, based on the observations, proposals are given as below.
Proposal 1: Single-Rx and Multi-Tx UE should not be considered for dual connectivity. 
Proposal 2: HARQ operation (i.e. transmission and related feedback) and scheduling scheme (PDCCH and related PDSCH/PUSCH) should not be across eNB. 

Proposal 3: Multi-Rx and Single-Tx UE should not be considered for dual connectivity.
Proposal 4: The UE capability with Multi-Tx and Multi-Rx should be considered in dual connectivity.

Proposal 5: If intra-frequency scenario is supported, the UE capability with Single-Tx and Single-Rx can be considered.
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