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1 Introduction

In this contribution, we discuss synchronization aspects for dual connectivity at the subframe level, radio frame level and system frame level.

2 Discussion
2.1 Subframe Synchronization
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Figure 1: Subframe Synchronization

In current eNB requirement, for inter-band carrier aggregation, the eNB is required to have time-alignment accuracy up to 260 ns [1]. Also, a relative propagation delay difference is assumed up to 30 s. It is hard to have similar requirement for a case that two eNB are involved. 

If it is assumed that any eNB provides both frequency carriers involved in inter-node inter-frequency resource aggregation, subframe synchronized network might be possible assumption because combination between inter-node intra-frequency synchronization and intra-node inter-frequency synchronization make inter-node inter-frequency synchronization.  However, in small cell deployment, macro eNB and small cell eNB may provide only one of frequency carriers involved in inter-node inter-frequency resource aggregation. In such deployment, it would be hard to have a requirement of subframe synchronization. Therefore we think some deployments can make sure subframe synchronized network but some networks may not be synchronized.
Observation 1: It is reasonable that both subframe synchronized and non-synchronized deployments are assumed for inter-frequency inter-node resource aggregation. 

2.2 Radio Frame and System Frame Number Synchronization
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Figure 2: Radio Frame and System Frame Number Synchronization

For TDD inter-node intra-frequency resource aggregation, it is critical to have Radio Frame (RF) synchronization due to UL-DL interference avoidance in the same frequency carrier. 

For FDD system or TDD inter-node inter-frequency resource aggregation, there is no strong demand to have the RF synchronization and System Frame Number (SFN) synchronization. The RF synchronization and SFN synchronization would have some benefit for DRX, modification period boundary, and Paging reception, but it is not critical issue. In one example, from UE perspective, UE can just assume all serving cells follow the same RF and SFN as PCell while eNB provides sufficient configurations. It is noted that some of ICIC techniques assume synchronized RF.

Observation 2: For TDD/FDD inter-frequency inter-node resource aggregation, there is no requirement having Radio Frame synchronization and/or System Frame Number synchronization. 

2.3 MAC/PHY layer design impact

In inter-node resource aggregation, it is current understanding that independent MAC layer for each node is assumed. Therefore, inter-MAC information exchange for adjusting subframe timing difference may not be desirable. Such inter-MAC information exchange should be minimized as much as possible. If we can assume network synchronized deployment for inter-node resource aggregation, enhancement from Rel-11 CA would be natural design and coordination between two connections would be achieved per subframe basis. However, if we consider subframe unsynchronized network, MAC layer and PHY layer design  would have impact on DRX, BSR, PHR, Power control and etc. There would be two directions to design those layers under unsynchronized network. One is that MAC/PHY layer take care of timing difference between two connections. Another is that MAC/PHY layer design is agnostic to timing difference between two connections. We think it is necessary to decide whether unsynchronized network deployment is assumed before User Plane Detail discussion. 

Proposal 1: RAN2 should decide an assumption on network synchronization before User Plane Detail discussion. 

3 Conclusion 

In this contribution, we describe the synchronization aspects for dual connectivity. We have shown following observations:
Observation 1: It is reasonable that both subframe synchronized and non-synchronized deployments are assumed for inter-frequency inter-node resource aggregation. 

Observation 2: For TDD/FDD inter-frequency inter-node resource aggregation, there is no requirement having Radio Frame synchronization and/or System Frame Number synchronization. 

Based on above observations, we have proposed as following: 

Proposal 1: RAN2 should decide an assumption on network synchronization before User Plane Detail discussion. 
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