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1 Introduction

In RAN1 #76bis meeting, it was agreed that [1]
· Network listening between the cells of different operators operating in the same TDD band is beneficial in some scenarios and should not be precluded
· Whether standard impact is needed is FFS
This contribution discusses some solutions to share and exchange synchronization information between different operators.
2 Synchronization information to be shared between different operators
Three steps may be needed to support network listening between small cells of different operators. Associating with each step, sharing of some synchronization information (e.g., synchronous/ asynchronous status, stratum level and listening RS configuration) between operators is beneficial.
· Step 1: searching for candidate synchronization sources
· In this step, PSS/SSS may be used, and no more extra synchronization information needs to be shared.
· Step 2: selection of a proper synchronization source from candidate source cells
· In this step, sharing of synchronous/asynchronous status and stratum level is beneficial for selecting a better synchronization source.
· Step 3: periodically tracking of listening RSs for fine synchronization accuracy
· In this step, sharing of listening RS configuration (include RS pattern, subframe periodicity and offset) is beneficial for better network listening accuracy.
In the following sections, more detailed analysis is provided for each synchronization information.
2.1 Benefit of sharing synchronous/asynchronous status 
Sharing of synchronous/asynchronous status is beneficial if there exist two kinds of candidate source cells, i.e., synchronous source cell and asynchronous source cell, from another operator. With the help of synchronous/asynchronous status information, a target cell could select the synchronous one to be the source cell and thus achieve more accurate timing. 
2.2 Benefit of sharing stratum level
Sharing of stratum level is beneficial if strict synchronization accuracy requirement between different operators is required. Without this knowledge, it is possible that a target cell from one operator may select a candidate cell from another operator as its source cell, which is with the strongest RSRP but with worse synchronization accuracy (i.e., with a high stratum level). 
2.3 Benefit of sharing listening RS configuration
Sharing of listening RS configuration is beneficial for better network listening synchronization accuracy. Otherwise, without the configuration information of listening RS, a target cell may need to exhaustively detect legacy RS (e.g. CRS) to maintain synchronization accuracy. Besides, some other problems may happen which result in low network listening efficiency and synchronization accuracy as analyzed below:
· Low network listening efficiency. It can often happen that the source cell does not transmit any network listening RS during the listening period of the target cells. In an extreme case, the source cell may switch to an “off-state” for a long time, and the target cell may be not aware, then the target cell will loss synchronization.
· Low network listening accuracy. For dense small cell deployment scenario, if the listening RS configuration information can not be shared between operators, the hearability of legacy RS can’t be guaranteed due to the strong inter-cell interference. 
Therefore, it is necessary to share listening RS configuration for better network listening efficiency and synchronization timing accuracy.
Observation 1: Sharing the synchronization information, such as synchronous/asynchronous status, stratum level, and listening RS configuration, is beneficial and necessary in multi-operator context.
3 Solutions
Since it is impossible to have backhaul interfaces, e.g., S1/X2, between different operators, explicit and/or implicit radio interface indication approaches are preferred to exchange synchronization information between different operators. Several possible solutions are summarized in Table 1[3]
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Table. 1 Summary of radio interface solutions to exchange synchronization information between different operators
	Solutions
	Possible information to be exchanged between different operators

	
	Synchronous/asynchronous status
	Stratum level
	Listening RS configuration

	1
(ref. to [3])
	Rules: 
Predefine mapping rules between synchronous/asynchronous status and the PCI ranges 
Procedures: 
Deduce synchronous/asynchronous status from the mapping information of PCI
	Rules:

Predefine the listening RS configuration and the mapping rules between listening RS configuration and stratum level
Procedures:
(a) Step 1: blindly detect listening RS configuration
(b) Step 2: deduce stratum level from the mapping information of listening RS configuration

	2
(ref. to [4])
	Explicitly indicated by SIB x
	Rules:

Predefine the listening RS configuration and the mapping rules between listening RS configuration and stratum level
Procedures:
Deduce listening RS configuration from the mapping information of stratum level

	3
	Rules:

Predefine the listening RS configuration and  the mapping rules between listening RS configuration and <synchronous/asynchronous status, stratum level>
Procedures:

(a) Step 1: blindly detect listening RS configuration
(b) Step 2: deduce both synchronous/asynchronous status and stratum level from the mapping information of listening RS configuration


3.1 Discussion on solution 1

In solution 1 [3], all the synchronization information is obtained by blind detection or implicit physical layer indication, i.e.,
· Synchronous/asynchronous status is deduced from PCI by introducing predefined mapping rules between synchronous/asynchronous status and two different value ranges of physical IDs. 
· Listening RS configuration is predefined in specification and obtained by blind detection
· Stratum level is deduced from the mapping information by introducing predefined mapping rules between listening RS configuration, e.g. offset, and stratum level
From the perspective of cell planning, it is not preferred to implicitly indicate synchronous/asynchronous status by PCI, since it introduces some additional complexity for PCI allocation. Moreover, once the primary source cell falls out of synchronization, all the target cells catching timing from this primary source cell will fall out of synchronization. Then it is required to change their physical cell IDs in order to maintain the implicit mapping rules, which may incur inevitable collision and complexity.
3.2 Discussion on solution 2
In solution 2 [4], synchronous/asynchronous status and stratum level is obtained by explicit physical layer signaling, i.e., SIB x. The listening RS configuration is predefined in the specification or implicitly deduced from the mapping information of stratum level, by introducing predefined mapping rules between listening RS configuration, e.g. offset, and stratum level. 
This solution can achieve the trade-off between the control overhead and the receiver complexity. In addition, explicitly signaling of synchronous/asynchronous status and stratum level are beneficial for the target small cells to select the synchronization source cells with higher timing accuracy quickly and finish the RIBS procedure as soon as possible.
Network listening of SIB x can be transparent to UEs with some exist LTE features, e.g., 

· Supposing the feature of small cell on/off switching is introduced, the target cell can switch into off-mode to perform network listening of SIB x, and then turn on to serve UEs.
·  Measurement gap can be considered to be configured to receiver of the target cell, during which the target cell can perform network listening of SIB x from source cells.
Be aware of occasionally updating of synchronization information (i.e., synchronous/asynchronous status and stratum level) at runtime, periodic or triggered network listening of SIB x is feasible. For the triggered approach, a mapping rule between updating of SIB x and updating of listening RS configuration  need to be defined,  and once the target cell detects any modification of listening RS configuration, it recognizes  that SIB x has been updated, and then it will restart the detection procedure of SIB x. 
3.3 Discussion on solution 3
Solution 3 could be considered as an extension from solution 1 to overcome the potential shortcoming of “PCI re-planning”. In this solution, all the synchronization information is obtained from implicit physical layer indication, i.e., 
· Listening RS configuration is predefined in specification and obtained by blind detection

· Synchronous/asynchronous status and stratum level are both implicitly deduced from the mapping information by introducing predefined mapping rules between listening RS configuration and the <synchronous/asynchronous status, stratum level>
For example, the radio-frame numbers (SFNs) of listening RS can be divided into two parts, the part that satisfies SFN mod T < T/2 (T is the networking listening periodicity) can indicate synchronous status, while the part that satisfies SFN mod T ≥ T/2 can indicate asynchronous status. In similar way, stratum level can be implicitly deduced from the mapping information by introducing predefined mapping rules between listening RS configuration, e.g. offset, and stratum level.
Observation 2: Explicit and/or implicit physical layer indication can be specified to exchange necessary listening RS configuration information between different operators.

Proposal 1: The following two solutions to exchange listening RS configuration information between different operators can be considered, and Alt 1 is preferred to achieve the trade-off between the control overhead and the receiver complexity:
· Alt 1: synchronous/asynchronous status and stratum level is explicitly indicated by SIB x, and other listening RS configuration is predefined in specification or implicitly deduced from the mapping information by introducing predefined mapping rules between listening RS configuration, e.g, offset, and stratum level.
· Alt 2: Listening RS configuration is predefined in specification and obtained by blind detection, and synchronous/asynchronous status and stratum level are both implicitly deduced from the mapping information by introducing predefine mapping rules between listening RS configuration and <synchronous/asynchronous status, stratum level>.
4 Conclusions
This contribution discusses some solutions to share and exchange synchronization information between different operators by radio interface. According to the analysis, some observations and proposals can be obtained.
Observation 1: Sharing the synchronization information, such as synchronous/asynchronous status, stratum level, and listening RS configuration, is beneficial and necessary in multi-operator context.
Observation 2: Explicit and/or implicit physical layer indication can be specified to exchange necessary listening RS configuration information between different operators.

Proposal 1: The following two solutions to exchange listening RS configuration information between different operators can be considered, and Alt 1 is preferred to achieve the trade-off between the control overhead and the receiver complexity:
· Alt 1: synchronous/asynchronous status and stratum level is explicitly indicated by SIB x, and other listening RS configuration is predefined in specification or implicitly deduced from the mapping information by introducing predefined mapping rules between listening RS configuration, e.g, offset, and stratum level.
· Alt 2: Listening RS configuration is predefined in specification and obtained by blind detection, and synchronous/asynchronous status and stratum level are both implicitly deduced from the mapping information by introducing predefine mapping rules between listening RS configuration and <synchronous/asynchronous status, stratum level>.
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