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1 Introduction

In the WI on Small cell enhancements - Physical layer aspects, the following objectives regarding RIBS are described [1].
	Efficient radio interface based inter-cell synchronization, i.e. network listening, in single-carrier or multi-carrier operation, with specifying the down-selected solutions  

· Be able to support multiple stratum level beyond 3 hops, e.g. 4 to 6 hops. The number of hops configured in the network is dependent on scenarios.

· Improve the achievable synchronization accuracy based on existing RSs, e.g. by improving the hearability of received RS for network listening at the target cells

· It should be applicable to small cell on/off and eIMTA, and inter-operator TDD deployment in the same band


This contribution presents some considerations on radio interface based inter-operator synchronization, including scenarios, requirements, and some possible solutions.
2 Scenarios for radio interface based inter-operator synchronization
Inter-operator synchronization among different TDD operators provides many benefits, e.g., 
· To minimize the inter-operator TDD UL-DL interference when the TDD operators are co-deployed in the same band or adjacent band at the same region [2]
· Alternatively, to reduce the guard band among different operators for more efficiently TDD band utilization [3]
· In addition, to provide an indirect global timing reference (e.g. GNSS) for an isolated small cells cluster of operator B (e.g. GNSS denied) through network listening to another TDD operators A who can maintain global timing reference
Two approaches of achieving inter-operator synchronization were proposed in [4]:

· In case that the operators can negotiate or exchange information about their common/reference timing, inter-operator synchronization may be achieved by appropriate synchronization requirements in RAN4. 
· Alternatively, possible air-interface based approach (e.g. mutual network listening) is considered to achieve inter-operator synchronization. With this approach, communication between the cells of different operators is needed, such as the stratum level indication, RS configuration and etc.
With the first approach, it may assume that each operator can achieve accurate synchronization of its own network to an absolute common timing (e.g. GNSS). However, such assumption does not hold in very usual and realistic scenarios, e.g.,
· Scenario 1 (see Figure1-a): 
· Operator A: Macro(FDD), small cell (TDD), and Macro cell is asynchronous . 
· Operator A deploys outdoor macro cell as an unsynchronized FDD network and also TDD indoor small cells. This could be a typical configuration in future. If the FDD and TDD bands are far apart, there is no severe need to synchronize FDD and TDD carriers for operator A. Or even if the operator A’s TDD small cell is synchronized to the FDD carrier, the absolute timing is still unknown to operator A’s small cell. 
· Operator B:Macro(TDD), small cell (TDD), and Macro/small cells are synchronized.
· Operator B may deploy outdoor TDD macro and indoor TDD small cell, which is also a typical configuration in future. If both Macro and small cells synchronized to a reference timing, e.g., GPS, then the two carriers for operator B are synchronized. 
·  TDD small cells from operator A and B are deployed on the same band or adjacent band, 
· Which means they will need a good synchronization, otherwise the adjacent channel interference from operator A may impact the reception of operator B, and vice versa.

Because operator A’s small cell is unable to access to GNSS signals (by either the small cell itself or access to operator A’s FDD carrier), it may have to listen to the signals of operator B to realize synchronization. Potentially either macro signal or small cell signal of operator B may be used.  
· Scenario 2 (see Figure1-b): 
· The scenario is similar to scenario 1 except operator A deploys TDD small cell only and there is no outdoor macro cell. It is also a quite possible case both in near term and in future. In this case it is clear that operator A’s small cell may not be able to synchronize to each other by receiving reference timing from Macro. RIBS could be helpful in this case to support a proper operation for the small cells of both operator A and B. 
In the both cases, operator A cannot obtain absolute common timing (e.g. GNSS)  and some sorts of RIBS approach would be helpful to maintain inter-operator synchronization. Therefore, the second approach, i.e. radio interface based inter-operator synchronization, is desirable as a common solution to all scenarios.
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Fig.1 proposed main scenarios for inter-operator synchronization
Proposal 1: The following scenarios are considered as the main scenarios for inter-operator synchronization
· Scenario 1: 
· Operator A: Macro(FDD), small cell (TDD), and Macro cell is asynchronous, 
· Operator B: Macro(TDD), small cell (TDD), and Macro/small cell are synchronized,
· TDD small cells from operator A and B are deployed on the same band or adjacent band. 

·  Scenario 2: 
· Operator A:only small cell (TDD), 
· Operator B: Macro (TDD), small cell (TDD), and Macro/small cell are synchronized,
· TDD small cells from operator A and B are deployed on the same band or adjacent band. 

We think that both scenarios are very typical configurations for short or long term.
3 Discussion on radio interface based inter-operator synchronization mechanisms
As stated in [4], with the approach of radio interface based inter-operator synchronization, communication between the cells of different operators is needed. The possible information to be exchanged between different operators can be one or more instances of the following information, such as
· Indication of synchronous/asynchronous status: to guarantee of synchronization reliability with highest priority for specification. Without this indication, the small cell from operator A cannot identify whether the detected candidate source cell from operator B is already synchronized or not. As a result, inter-operator synchronization may fail to work, if the operator A selects an asynchronous cell from the operator B as its source cell.
· Indication of stratum level: to guarantee of synchronization accuracy with a high priority for specification. Without this indication, the small cell from operator A may make a bad choice of selecting a candidate cell, with the strongest RSRP but worse synchronization accuracy (e.g. with multiple hops), from operator B as its source cell.
· Indication of network listening RS resources: to guarantee of listening efficiency with a second priority for specification. Without this indication, it can often happen that the source cell does not transmit any network listening RS in those subframes where the target cells try to listen. Meanwhile, blind detection of listening RS is required without this signaling, which may cause high complexity and low efficiency.
Proposal 2: Indication of synchronous/asynchronous status between different operators should be specified with highest priority. Also prefer to indicate stratum levels.
(1) Indication of synchronous/asynchronous status and/or stratum level
Since no backhaul interfaces, e.g. S1/X2, is assumed to be available between different operators, explicit and/or implicit physical layer signaling between different operators is preferred to carry synchronization status and/or stratum level, e.g.,
· Alternative 1: Indication of synchronous/asynchronous status and/or stratum level by explicit physical layer signaling
· Alternative 1-1: information to be carried by MIB. 
· MIB is considered as a candidate to carry the most important synchronization information, i.e., indication of synchronous/asynchronous status. If MIB is used to carry this information, small cells listening to other cell cannot transmit MIB at the same time. On the other hand, redefinition of the spare bits of MIB may affect the legacy interpretation of MIB.
· Alternative 1-2:  information to be carried by SIB-x. 
· SIB is considered as a preferred candidate to carry the necessary synchronization information, such as indication of synchronous/asynchronous status, and/or indication of stratum level. An eNB can listen SIB signaling from a different operators based on a typical UE initialization process. Meanwhile, there are enough reserved resources in SIB to alleviate the difficulty of specification modification, i.e., adding extra bits in SIB. Accessing SIB would require more processing than accessing MIB due to potential need of PDCCH decoding, however the increased complexity should not be more complex than a typical UE. 
· Alternative 2: Indication of synchronous/asynchronous status by implicit physical layer signaling. 
· For example, to implicitly indicate synchronous/asynchronous status by predefined subset of PCI, i.e., to differentiate the synchronous/asynchronous status with two different value ranges of cell IDs [5]. However, it seems difficult to ask the operators to do “PCI dynamically re-planning”, i.e., allowing dynamical modification of the cell identification if synchronization status got changed temporarily.
(2) Indication of network listening RS resources
For the signaling of listening RS, it is hard to be explicitly signaled by MIB or PCI planning, but possible explicitly signaled by others, e.g., SIB. Alternatively it may also be blindly detected, or implicitly signaled by stratum level if a predefined pattern between listening RS pattern and stratum level is specified. From specification complexity perspective, it is preferred to either not signal, or explicit signal, or blind detection of listening RS patterns.

Based on the above discussion, we summarize in Table 1. It is proposed to consider solution 5~7. 
Table. 1 Summary of solutions for inter-operator synchronization signalling
	Solutions
	Possible information to be exchanged between different operators

	
	Indication of synchronous/asynchronous status
	Indication of stratum level
	Indication of network listening RS resources

	1
	Implicitly indicated by predefined subset of PCI
	×
	×

	2
	Implicitly indicated by predefined subset of PCI
	Blind detection of listening RS and stratum level by introducing predefined mapping rules between listening RS pattern and stratum level

	3
	Explicitly indicated by MIB
	×
	×

	4
	Explicitly indicated by MIB
	Blind detection of listening RS and stratum level by introducing predefined mapping rules between listening RS pattern and stratum level

	5
	Explicitly indicated by SIB
	×
	×

	6
	Explicitly indicated by SIB
	×

	7
	Explicitly indicated by SIB
	Explicitly signaled by SIB or blindly detected


Proposal 3: Explicit and/or implicit physical layer signaling can be introduced to exchange necessary information between different operators, while SIB is considered as a preferred candidate signaling to carry indication of synchronous/asynchronous status, and/or indication of stratum level. 
4 Conclusions
In this contribution, some considerations on inter-operator synchronization are presented, including benefits, scenarios as well as possible solutions. According to the analysis, some observations and proposals can be obtained.
Proposal 1: The following scenarios are considered as the main scenarios for inter-operator synchronization

· Scenario 1: 
· Operator A: Macro(FDD), small cell (TDD), and Macro cell is asynchronous, 
· Operator B: Macro(TDD), small cell (TDD), and Macro/small cell are synchronized,
· TDD small cells from operator A and B are deployed on the same band or adjacent band. 

·  Scenario 2: 
· Operator A:only small cell (TDD), 
· Operator B: Macro (TDD), small cell (TDD), and Macro/small cell are synchronized,
· TDD small cells from operator A and B are deployed on the same band or adjacent band. 
Proposal 2: Indication of synchronous/asynchronous status between different operators should be specified with highest priority. Also prefer to indicate stratum levels.
Proposal 3: Explicit and/or implicit physical layer signaling can be introduced to exchange necessary information between different operators, while SIB is considered as a preferred candidate signaling to carry indication of synchronous/asynchronous status, and/or indication of stratum level. 
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