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1 Introduction

In the last meeting, RAN2 discussed the “complexity evaluation and impact on L1” as related to the “Challenges and Technology Potential of Proposed Solutions Directions” of the Higher Layer aspects of Small Cell Enhancements. We believe that such a discussion is not complete without taking into account how inter-node synchronization materially impacts the UE and system complexity. The current time alignment error requirement in TS36.104 is based on following text:
	6.5.3
Time alignment error

This requirement applies to frame timing in TX diversity, MIMO transmission, carrier aggregation and their combinations. 

Frames of the LTE signals present at the BS transmitter antenna port(s) are not perfectly aligned in time. In relation to each other, the RF signals present at the BS transmitter antenna port(s) experience certain timing differences.

For a specific set of signals/transmitter configuration/transmission mode, time alignment error (TAE) is defined as the largest timing difference between any two signals.

6.5.3.1
Minimum Requirement

For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65 ns.

For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 130 ns.

For intra-band non-contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260 ns.

For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260ns.


The current time alignment error requirement for CoMP/QCL is under discussion in RAN4 [3].

	Typical timing offset can be derived for DL CoMP as follows:

Timing offset = BS Timing Alignment Error + Propagation delay difference

where the propagation delay difference can be computed as Cell radius / The speed of light.

As example, in scenario B (ISD = 500 m, cell radius = 289 m), the propagation delay difference could be assumed as approximately ±0.96 usec. 

In the context of Rel-11 UE performance requirements are defined by assuming [-0.5, 2]usec as typical timing offset.


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

2.1.1
Scenario#1 and #3

In TDD system, inter-node intra-frequency subframe synchronization is largely deployed due to UL-DL interference avoidance. In FDD system, there is demand for inter-node intra-frequency subframe synchronization due to ICIC/CoMP though it is not so strong demand as TDD system. 

In addition, RAN1 already started to discuss network synchronization method for small cell deployment (e.g., Non radio-interface based synchronization, such as GPS, IEEE 1588 and radio interface based synchronization). 

Therefore considering dual connectivity as a further enhancement to eICIC or CoMP and the expectation that a large number of deployments will be subframe synchronized, it would be reasonable that intra-frequency subframe synchronization is assumed as a deployment scenario.

Observation 1: It is reasonable that subframe synchronized deployment is assumed for inter-node intra-frequency aggregation in Scenario#1 and Scenario#3. 
2.1.2
Scenario#2

In current eNB requirement, for inter-band carrier aggregation, the eNB is required to have time-alignment accuracy up to 260 ns. Also, 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. Some deployment can make sure subframe synchronized network but some networks may not be synchronized. 

If it is assumed that any eNB provides both frequency carriers involved in inter-node inter-frequency 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 aggregation. In such deployment, it would be hard to have a requirement of subframe synchronization. 

Observation 2: It is reasonable that both subframe synchronized and non-synchronized deployments are assumed for inter-node inter-frequency aggregation in Scenario#2. 

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 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 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 cell 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 3: For TDD inter-node intra-frequency aggregation, it is reasonable that Radio Frame synchronization is assumed. There is no requirement having System Frame Number synchronization.

Observation 4: For TDD/FDD inter-node inter-frequency aggregation and FDD inter-node intra-frequency aggregation, there is no requirement having Radio Frame synchronization and/or System Frame Number synchronization. 

2.3 Deployment Flexibility and Functional applicability
If the reception timing difference in PHY layer is not limited to a certain requirement and UE has to switch nodes in TDM manner due to single Tx capability, it is hard to make sure that MAC layer is not involved in the reception timing consideration. Therefore, subframe synchronization is very important in single Tx operation. In inter-node aggregation, independent MAC layer for each node is also assumed. Therefore, such inter-MAC information exchange for adjusting subframe timing difference may not be desirable. One the other hand, deployment flexibility is also important because there may be difficult deployment to achieve subframe synchronization all the time. 

Observation 5: Non-synchronized subframe deployments cause implementation complexity for a UE that only supports multiple Rx and single TX inter-node aggregation.
Considering Observation 1, we think limiting deployment scenario to subframe synchronized network can benefit most of UEs.

Proposal 1: For inter-node intra-frequency aggregation, RAN2 should limit deployment scenario to subframe synchronized network. 

Considering Observation 2, we think limiting deployment scenario to subframe synchronized network may decrease the number of UEs which can benefit from inter-node aggregation. One the other hand, Multiple Tx would be required to support inter-node aggregation in non-synchronized deployment scenario considering Observation 5. At this moment, it is hard to say which direction makes the large number of UEs benefit from inter-node aggregation.

Proposal 2: For inter-node inter-frequency aggregation, RAN2 should either limit deployment scenario to subframe synchronized network or limit UE capability to Multiple Tx. 

3 Conclusion 

In this contribution, we describe the synchronization aspects for dual connectivity. We have shown following observations:

Observation 1: It is reasonable that subframe synchronized deployment is assumed for inter-node intra-frequency aggregation in Scenario#1 and Scenario#3. 
Observation 2: It is reasonable that both subframe synchronized and non-synchronized deployments are assumed for inter-node inter-frequency aggregation in Scenario#2. 

Observation 3: For TDD inter-node intra-frequency aggregation, it is reasonable that Radio Frame synchronization is assumed. There is no requirement having System Frame Number synchronization.

Observation 4: For TDD/FDD inter-node inter-frequency aggregation and FDD inter-node intra-frequency aggregation, there is no requirement having Radio Frame synchronization and/or System Frame Number synchronization. 

Observation 5: Non-synchronized subframe deployments cause implementation complexity for a UE that only supports multiple Rx and single TX inter-node aggregation.
Based on above observations, we have proposed as following: 

Proposal 1: For inter-node intra-frequency aggregation, RAN2 should limit deployment scenario to subframe synchronized network. 

Proposal 2: For inter-node inter-frequency aggregation, RAN2 should either limit deployment scenario to subframe synchronized network or limit UE capability to Multiple Tx. 
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