3GPP TSG RAN WG1 Meeting #73                                                    R1-132679
Fukuoka, Japan, May 20 – 24, 2013

Source:
NTT DOCOMO
Title:
Views on Radio-Interface Based Synchronization Mechanisms
Agenda Item:
6.2.5.3
Document for: 
Discussion and Decision

1. Introduction
In [1], benefits of network synchronization in Rel.12 small cell enhancements (SCE) are described as follows.
	6.1.5
Synchronization

Both synchronized and un-synchronized scenarios should be considered between small cells as well as between small cells and macro cell(s). For specific operations e.g. interference coordination, carrier aggregation and inter-eNB COMP, small cell enhancement can benefit from synchronized deployments with respect to small cell search/measurements and interference/resource management. Therefore time synchronized deployments of small cell clusters are prioritized in the study and new means to achieve such synchronization shall be considered.


It was agreed in RAN1 that a synchronized network is the baseline assumption for system-level evaluation of SCE scenarios [2]. However, implementation of network synchronization mechanisms such as GPS and/or IEEE1588v2 requires additional cost/load to operators. 
At the last meeting, study of radio-interface based synchronization was proposed in [3] and [4]. In this contribution, we describe our views on radio-interface based synchronization mechanisms. 

2. Our View on Radio-Interface Based Network Synchronization
Time synchronization is a mandatory feature for TDD and the synchronization requirements are given in [5]. Therefore, TDD eNBs are required to equipped with a GPS system to synchronize or to be connected with a GPS-synchronized source eNB (or time-synchronized server) using the ideal backhaul. On the other hand, in FDD, time synchronization is not mandatory for basic operation of Rel.8 LTE in a macro cell homogeneous network. However, in an interference-limited environment such as a heterogeneous network, time-synchronization is beneficial since most interference mitigation schemes than can offer large gains, e.g., enhanced inter-cell interference coordination (eICIC) and coordinated multipoint (CoMP), require a certain level of time synchronization. 
In Rel.12 SCE, a larger number of small cells is considered to be deployed densely and therefore severer interference-limited conditions are expected. Such interference will degrade the UE throughput performance. Therefore, in Rel.12 SCE, various interference mitigation schemes have been studied. In order to receive the full benefits from Rel.12 SCE and Rel.10-11 interference mitigation schemes, time-synchronization of small cells is highly desirable, not only for TDD but also for FDD. 
Observation 1:

· A time-synchronizated network is necessary for TDD but even in FDD, time-synchronization among small cells is highly desirable to achieve higher UE throughput by applying interference mitigation schemes

Time synchronization among small cells is beneficial not only for TDD/interference mitigation but also in terms of energy efficient small cell discovery by the UE. Figure 1 illustrates examples of a small cell discovery procedure by the UE in either asynchronous or synchronous networks. If the network is asynchronous (Fig.1 (a)), each small cell transmits a discovery signal (maybe the PSS/SSS or potentially new/enhanced discovery RS) periodically but asynchronously. In this case, the UE must always attempt to search for small cells using a wide range discovery window, since it is unknown to the UE when the discovery signal from the best cell for the UE will be received. However, if the network is synchronous and small cells transmit their discovery signals synchronously (Fig.1 (b)), the UE can detect the best small cell in a short period, when the UE knows a rough timing, e.g. which subframes contain discovery signals. Hence, the UE energy comsumed due to discovery can be reduced.
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(a) Asynchronous case
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(b) Synchronous case
Fig.1  Small cell discovery procedures.

Observation 2:

· Network synchronization among small cells is also beneficial for energy efficient small cell discovery 

However, implementing a GPS-based synchronization system in all the small cells or connecting them to a synchronized source eNB/server via the ideal backhaul is not realistic due to the cost/load. From the operator perspective, cost effective network synchronization mechanisms are desirable. Such synchronization mechanisms should work in the case of GPS and when other alternatives are not available. We consider that radio-interface based synchronization is a potential alternative/complement to GPS or backhaul-based synchronization mechanisms. It may be extended to other applications, e.g., D2D synchronization.
Proposal 1:

· Study radio-interface based network synchronization in Rel.12 as a potential alternative/complement to GPS or backhaul-based synchronization mechanisms
3. Discussion
Radio-interface based synchronization mechanisms were already studied for TDD HeNB. Two alternatives are found in [6].
1. MBSFN-based network listening (Fig.2 (a))
· In this method, a cell that is to be synchronized (target cell) configures an MBSFN subframe to listen to the CRS from a source cell. Note that this subframe is a non-MBSFN subframe for the source cell. The MBSFN subframe can also be used to silence the surrounding cells except for the source cell to mitigate interference [7]. 
2. TDD special subframe-based network listening (Fig.2 (b))
· In this method, different TDD special subframe configurations are configured to the source and target cells, and the target cell listens to the CRS from the source cell during the guard period. 
Both methods allow multi-hop synchronization to support synchronization even if the target cell is placed outside the coverage of the primary source cell.
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(a) MBSFN-based
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(b) TDD special subframe configuration-based

Fig.2  NW-listening methods for HeNB in TDD.

These existing network listening schemes are focused on TDD and CRS listening from the source cell. However, unlike [6], radio-interface based network synchronization in Rel.12 should support both TDD and FDD as described in Section 2. Furthermore, the application scenarios are different from those in [6]. Basically, small cells in Rel.12 are assumed to be densely deployed and to be forming clusters. Due to the difference in interference conditions, it would be more difficult to listen to a synchronization signal from the source cell. Furthermore, small cells could be operated by a new carrier type (NCT) whose CRS density/periodicity is reduced. Hence, CRS listening may not be feasible. According to these considerations it can be said that just reusing existing schemes may not be sufficient. Synchronization mechanisms should be studied focusing on Rel.12 SCE scenarios/deployments/requirements. 
Observation 3:

· Radio-interface based synchronization was studied for HeNB in TDD but it may not be feasible for Rel.12 SCE network synchronization because scenarios/deployments/requirements are different from those for HeNB TDD
Proposal 2:

· Study should focus on both TDD and FDD and a unified approach is preferable

· Rel.12 SCE scenarios, deployments, requirements, and some other aspects, such as NCT, should be taken into consideration for the study

Regarding the requirement of synchronization among small cells, further study is needed. Currently we consider the baseline could be TDD-level synchronization for timing [5] and local area BS-level synchronization for frequency [8]; for the timing offset, ( 3 microsecond can be a baseline requirement. For the frequency offset, +/- 0.1 ppm can be a baseline as in [8].
Proposal 3:

· The target of the synchronization level among small cells could be
· ( 3 microsecond timing offset between small cells
· +/- 0.1 ppm frequency offset

4. Conclusion

In this contribution, we presented our views on radio-interface based network synchronization mechanisms. Our proposals are given below.
· Study radio-interface based network synchronization in Rel.12 as a potential alternative/complement to GPS or backhaul-based synchronization mechanisms
· Study should focus on both TDD and FDD and a unified approach is preferable

· Rel.12 SCE scenarios, deployments, requirements, and some other aspects, such as NCT, should be taken into consideration for the study

· The target of the synchronization-level among small cells could be
· ( 3 microsecond timing offset between small cells
· +/- 0.1 ppm frequency offset
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