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1 Introduction

In RAN1 #73 meeting, it was agreed that [1]
· Synchronization for both TDD and FDD systems needs to be considered

· Network listening based on signals in current air interface standards is the baseline for this study; any new technique should offer significant advantage compared to the baseline

· Further investigate  the radio-interface based synchronization solutions (e.g. network listening, UE assisted synchronization)

· Further study the solutions of radio-interface based synchronization on
· Achievable synchronization accuracy

· Resource overhead

· Applicability/compatibility with the ongoing studies 

· Cost/complexity of eNBs and UEs

· Standard impacts

· The target synchronization accuracy for the purpose of the study should be <=3µs.
· The value is used to guide the study. It is not intended to impact any requirement discussion in RAN4.
This contribution firstly reviews the existing radio-interface based synchronization method with network listening and its applicability in multi-vendor deployment. In order to support multi-vendor deployment with sufficient performance, especially in small cell deployment, standardization work is needed. One solution can be enhancements to network listening methods, and the other one is to introduce UE-assisted methods, both are investigated and compared in terms of accuracy, overhead, complexity and standard impacts. In a companion paper [2], we provided evaluations that verified the necessity of such enhancements. 
2 Discussions on the network listening mechanisms
In this contribution, a cell providing synchronization for another cell is defined as a source cell and a cell acquiring synchronization from another cell is defined as a slave cell.

The principle of network listening is that the slave cell listens to the synchronization signal (e.g, CRS) of the source cell for maintaining certain synchronization accuracy. The slave cell would stop transmission (i.e, mute) in the period for listening for both FDD and TDD, since it cannot receive and transmit on the same carrier, as shown in figure1. Multi-hops are considered to increase the detectability between the slave cell and the source cell. When the synchronization stratum levels of cells are available (e.g., by S1/X2/OAM signaling), it is natural for the slave cell to try to choose the source cell with lowest stratum level.
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Fig.1 Network listening synchronization mechanism
2.1 Review of the standard work on network listening mechanisms
To support multi-vendor deployment, standardization work is needed at least to exchange the stratum levels. 
In 3GPP standard, network listening for synchronization was discussed in the work item of “LTE TDD Home eNodeB RF Requirements” led by RAN4, a technical report [3] was endorsed to capture the related discussion. Following the captured content, two types of signalling were specified:

· Optional backhaul signalling to support explicit indication of the stratum level and synchronization status [6]
· OAM Signalling for blind detection of stratum level [4]
However, the signaling cannot be used directly in small cell deployments, with details to be discussed in section 2.2.
In section 2.2, the necessity of standard work in addition to stratum level exchange is also discussed.
2.2 Analysis on network listening mechanisms
Indication of the synchronization stratum level and status

The slave cell may search and listen to several surrounding cells, obtain their stratum level respectively, and select the one with smallest stratum level as its source cell to perform synchronization. Two methods are defined to indicate the stratum level in [3], namely backhaul signaling method and blind detecting method, which could be selected by operators depending on the deployment.

With backhaul signaling method, the slave cell asks the MME of the stratum and status of the target cells. The MME would forward this request to the target cells and transfer the reply from the target cells back to the slave cell. The slave cell then selects its source cell accordingly and listens to the CRS of the source cell for synchronization. Meanwhile, the slave cell will mute to its UEs in those listening subframes.

The drawback of the backhaul signaling method is that the network listening subframe on which the slave cell listens to the CRS of the source cell are solely slave cell’s implementation issue. It may often happen   that the source cell does not transmit any CRS in those subframes, e.g. those subframes are configured as MBSFN subframes. Thus the slave cell has to reselect the network listening subframes.  Since the slave cell stops its transmission in those network listening subframes, the frequent reselection would cause large unnecessary overhead and decrease the total network throughput. This happens often in inter-vendor scenarios.

With blind detection method, all the HeNBs are pre-configured with the same muting places (e.g. certain MBSFN subframes) for a given value of stratum and status, while configured with different muting places for other values of stratum and status.  Slave cell does blind detection for the existence of CRS on muting place for all possible strata (normally on booting stage) and contrast the mapping table to recognize the strata of its surrounding base stations, and decide its synchronization source cell, thus also decide its own stratum and muting place.[3] The slave cell then tracks the CRS of the source cell for synchronization and mutes the transmission to its own UE in the listening subframe. The predefined relationship of the listening subframes with the stratum level is configured by OAM signaling.
The OAM signaling for blind detection method is only specified for TDD HeNB[4], which means it cannot be applied in small cell scenarios directly.

According to the above analysis, it can be seen that both specified methods for the indication of the synchronization stratum level and status are not applicable for small cell deployment. So we consider they can be used as a good reference rather than a baseline. The method to indicate the synchronization stratum level and status should not be limited by them.
Proposal

· Methods to indicate the synchronization stratum level and status specified for TDD HeNB are not applicable for small cell deployment. The indication design should not be limited by the specified methods.

Achievable synchronization accuracy
Similar as UE synchronization tracking, CRS is normally considered to be used for eNB synchronization tracking. The tracking accuracy defines the synchronization accuracy. However, CRS is not the only reference signal that can be used for synchronization tracking. E.g., CSI-RS and other reference signals may also be used for synchronization tracking. In the following, we would call such RS as synchronization tracking RS for convenience.
It is observed from the evaluation in [2] that improving the channel conditions of received synchronization tracking RS would be helpful to achieve the synchronization accuracy requirement.
In addition, the time synchronization accuracy target in this study is 3us, which was defined to preclude the design that cannot meet such target. However, it does not mean that a design providing better accuracy is not needed. If we consider some particular features, e.g., CoMP and advanced receiver, the synchronization requirement would be much more restrictive. Within the candidate schemes satisfying the 3us accuracy target, the mechanism that can meet stricter accuracy requirement is preferred, with joint tradeoff consideration of other design aspects. 
Proposal:

· Within the candidate schemes satisfying the 3us accuracy target, the mechanism that can meet stricter accuracy requirement is preferred, with joint tradeoff consideration of other design aspects. 
To improve the channel condition of received synchronization tracking RS, it is beneficial to reduce the received interference. For example, the synchronization tracking RS of the same stratum level from different cells is transmitted by SFN or PDSCH-RE-muting manner so as to increase the received SINR and improve detection accuracy. Additional PDSCH muting could be applied to protect the synchronization tracking RS of the other cells with different stratum level. 
Proposal:
· Improve the channel condition of received synchronization tracking RS
· The synchronization tracking RS of the same stratum level from different cells is transmitted by SFN or PDSCH-RE-muting manner

· Additional PDSCH muting could be applied to protect the synchronization tracking RS of the other cells with different stratum level
Resource overhead
As already mentioned in previous sections, in the subframes when the slave cells listen to the source cell, the slave cell would stop the transmission to its own UEs. Thus the occurrence of the network listening subframes brings overhead to the system. Consequently, it seems desirable to prolong the detection interval of network listening.
Considering that the oscillator and residual frequency error would bring time drifting effect, the detection interval needs to be within certain range so as not to exceed the time synchronization target.
Proposal

· Adopt long network listening detection interval to control the overhead of the system

Applicability/compatibility with the ongoing studies 

Small cell on/off

Small cell on/off is regarded as an effective mechanism for interference avoidance and coordination among small cells. The benefit of interference reduction mainly comes from no CRS or common channels when small cell is turned off. 
Considering the case that CRS is used for synchronization tracking:

If CRS of the source cell disappears without informing the slave cell, the slave cell would lose synchronization information and be forced to perform reselection. The other cells who listen to this cell would also be affected. Error judgment on the existence of CRS would also cause problem to synchronization accuracy. This chain effect may happen very often along with the frequent small cell on/off, which makes the network synchronization unstable and causes unnecessary system overhead.[7]
If CRS is still transmitted in network listening subframes regardless of small cell on/off, it would cause interference to the other cells and decrease the benefit of small cell on/off.
Proposal

· Provide mechanisms to facilitate synchronization when small cell on/off is applied

New Carrier Type
When NCT with reduced CRS is considered, it is likely that the CRS cannot be used for network listening, as the slave cells may not be able to mute in such subframes. 
Proposal

· Provide mechanisms to facilitate synchronization when New Carrier Type is applied

Inter-operator synchronization

Contiguous TDD spectrum allocation among different operators is available and can be more popular in the higher frequency bands. Synchronization becomes important among different TDD operators deployed in the same band and same region, since the unsynchronized network will incur significant mutual interference and largely degrade the network performance of both sides.

One approach to achieve synchronization is by mutual network listening. With this approach, it needs to be discussed that how to indicate the stratum level and synchronization status. S1/OAM/MME configuration exchange and sharing is feasible if all the cells belong to one operator, though the response time may not be very quick. However, if more than two operators deploy cells in the same region, S1/OAM/MME configuration sharing among different operators would become quite difficult, not to mention the frequent stratum and status change due to the small cell on off switching. With this approach, radio-interface based signaling indication may be considered.
Another approach is that each operator needs to ensure very accurate synchronization of its own network so that the strict requirement could be achieved in overlapping areas. For example, the current time synchronization requirement specified in RAN4 only defines relative time difference between any pair of cells on the same frequency that have overlapping coverage areas. If multiple operators are considered, absolute synchronization across the network may be needed. This requires to further improve the tracking accuracy of synchronization RS. 
Proposal:
· Provide mechanisms to facilitate inter-operator synchronization

Cost/complexity of eNBs and UEs

With network listening, an additional receiver is needed at least for the FDD eNB. An additional receiver in the baseband is also needed for TDD eNB. There is no additional complexity for UEs needed for network listening.
In summary, standard work needs to be done for the network listening synchronization mechanism in the following aspects:

· Methods to indicate the synchronization stratum level and status specified for TDD HeNB are not applicable for small cell deployment. The indication design should not be limited by the specified methods.

· Within the candidate schemes satisfying the 3us accuracy target, the mechanism that can meet stricter accuracy requirement is preferred, with joint tradeoff consideration of other design aspects. 
· Improve the channel condition of received synchronization tracking RS 
· The synchronization tracking RS of the same stratum level from different cells is transmitted by SFN or PDSCH-RE-muting manner

· Additional PDSCH muting could be applied to protect the synchronization tracking RS of the other cells with different stratum level

· Adopt long network listening detection interval to control the overhead of the system
· Provide mechanisms to facilitate synchronization when small cell on/off is applied
· Provide mechanisms to facilitate synchronization when New Carrier Type is applied

· Provide mechanisms to facilitate inter-operator synchronization

3 Discussion on the UE-assisted Synchronization mechanisms

It is noted that by network listening, the slave cell synchronizes to the received signals of source cell, which includes additional propagation delay between the source cell and the slave cell. Therefore the cells could not achieve absolute transmission time synchronization. Moreover, the network listening requires an additional receiver for FDD eNB in order to listen to the downlink signal of the source cell, and an additional receiver of baseband for TDD eNB. This would increase the cost of eNB, which may not be neglectable for small cells.

Accordingly, UE-assisted synchronization mechanism is proposed to avoid additional hardware cost at eNB as well as to achieve accurate transmission time synchronization among cells. One example is shown in figure 5. 

[image: image2.png]Source Tx.

Backhaul signaling

Sourcecell () drmmm— () Slave cell UE receives source

Slave Tx.

UEreceives slave

e.g, UE reports Delta+t2-t1




Fig. 5. An example of UE-assisted synchronization method

As described in [5], the source cell and slave cell has a transmitting time difference Delta. The UE can detect and feedback the arriving time offset of downlink signals from the source cell and the slave cell. Then the source cell calculates the correct timing with the known information and indicates it to the slave cell for adjustment. Some backhaul signaling may be needed among the source and the slave cell. It is possible to have other options on how the UE could assist the network synchronization.

The merit of UE-assisted synchronization method is that the propagation delay between the source cell and slave cell could be compensated by TA calculation, so that the cells could achieve accurate transmission time synchronization. The main consideration is how to select the assisted UE and how to effectively utilize the UE/eNB effort in synchronization procedure. The feasibility for inter-operator synchronization also needs study since it may not be easy for the UE to access to the network of another operator. In addition, the complexity on UE side is also increased.
4 Comparison of radio-based synchronization mechanisms

In summary, table1 gives the comparison of the current and the abovementioned air-interface based synchronization mechanisms.

Table 1 Comparison of different air-interface based synchronization methods

	
	Method1: 
Existing network listening 
	Method2: 
Improved network listening 
	Method 3: 
UE-assisted synchronization 

	Description 
	Detecting CRS for synchronization with interference from other cells.
The stratum level and network listening subframes may not be available.
	Transmitting synchronization RS in SFN/ muting manner. The stratum level and network listening subframes could be indicated.
	UEs feed back signal arriving time offset 

	Accuracy 
	Low to Medium 
Propagation delay is not compensated 
	High 
Propagation delay is not compensated 
	Medium-High 
Propagation delay is compensated 

	Air-interface resource overhead 
 
	Medium (MBSFN)
e.g., 0.3% for stratum-1 nodes when using the lowest periodicity of only 1 MBSFN for tracking per 320ms 
	Low 
lower than method1 
	Low
UEs feed back time offset per the same period as method1. 

	UE complexity 
	-
	-

	Medium
Detect and feedback the time offset between source and slave cells 

	eNB complexity 
	Low 
	Low 
	Medium 
Calculate timing offset according to known information 

	eNB cost
	Additional RF receiver for FDD
	Additional RF receiver for FDD
	-

	Inter-operator feasibility 
	Difficult 
	Achievable 
	Difficult

	Standards impacts 
	Synchronization requirements
	Method to increase synchronization RS detection accuracy
Method to indicate stratum level

Method to co-exist with small cell on/off 

Method to co-exist with NCT

Synchronization requirements
	UEs feed back the timing offset; 

eNBs exchange timing information 
Synchronization requirements

	Applicable scenario/cases
	LTE TDD HeNB with multi-hop
Other scenarios were not studied and may be supported with reduced performance and hop number
	Applicable to small cell related scenarios
	Applicable to small cell related scenarios


From the above table, it is observed that compared with the existing network listening mechanism, the improved network listening mechanism can give better synchronization accuracy, smaller overhead on network throughput and easier inter-operator synchronization approach, with moderate standards impacts and complexity. 
The UE-assisted synchronization method provides another alternative which can improve the synchronization accuracy while keep low air-interface overhead. No extra RF receiver is needed for FDD eNB. But it may need more consideration how to extend to inter-operator scenario.
5 Conclusions
According to the analysis in this contribution, it is concluded that

In order to support multi-vendor deployment with sufficient performance, especially in small cell deployment, standardization work is needed.

Standard work needs to be done for the network listening synchronization mechanism in the following aspects:

· Methods to indicate the synchronization stratum level and status specified for TDD HeNB are not applicable for small cell deployment. The indication design should not be limited by the specified methods.

· Within the candidate schemes satisfying the 3us accuracy target, the mechanism that can meet stricter accuracy requirement is preferred, with joint tradeoff consideration of other design aspects. 
· Improve the channel condition of received synchronization tracking RS 
· The synchronization tracking RS of the same stratum level from different cells is transmitted by SFN or PDSCH-RE-muting manner

· Additional PDSCH muting could be applied to protect the synchronization tracking RS of the other cells with different stratum level

· Adopt long network listening detection interval to control the overhead of the system
· Provide mechanisms to facilitate synchronization when small cell on/off is applied
· Provide mechanisms to facilitate synchronization when New Carrier Type is applied

· Provide mechanisms to facilitate inter-operator synchronization
The UE-assisted synchronization method provides another alternative which can improve the synchronization accuracy while keep low air-interface overhead. No extra RF receiver is needed for FDD eNB. But it may need more consideration how to extend to inter-operator scenario.
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