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1 Introduction
 RAN1#76b has made the following agreements on Radio-interface based synchronization (RIBS) [1].

Agreement:

· Specify listening RS(s) including RS pattern, and subframe periodicity, and offset, for both FDD and TDD

· Other specification impacts are FFS

Agreement:

· 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

Agreement:

· PRS and/or CRS is used as the listening RS for RIBS

· FFS: Down-select of listening RS

· Subframe-level muting is supported for RIBS

· FFS: In RAN1, UE impact of detailed subframe-level muting

In this contribution, we share our views on the required RIBS parameter(s) and potential standard impacts, and present several solutions for inter-operator synchronization.
2 Parameters for intra-operator RIBS
2.1 Parameters and standard impact for intra-operator RIBS
The agreement on RIBS in RAN1#76b has mentioned that specifying listening RS(s) including RS pattern, and subframe periodicity, and offset, for both FDD and TDD. In this section, we discuss the required parameters for RIBS.
Subframe(s) of listening RS

This backhaul signalling is used to indicate the subframe(s) where the source cell transmits listening RS, so the target cell can listen and the neighbouring cells can mute. From the perspective of the source and the target cell, MBSFN subframe(s) is used for RIBS, i.e., subframe(s) of listening RS should be configured as MBSFN subframe(s) in order to avoid the impact to the UEs. Note that other methods can also be used, such as GP of special subframe in TDD to avoid UE impact. 
MBSFN subframe configuration in current specification [2] is listed below:

MBSFN-SubframeConfig ::=


SEQUENCE {


radioframeAllocationPeriod


ENUMERATED {n1, n2, n4, n8, n16, n32},


radioframeAllocationOffset


INTEGER (0..7),


subframeAllocation




CHOICE {



oneFrame






BIT STRING (SIZE(6)),



fourFrames






BIT STRING (SIZE(24))


}

}

Taking current MBSFN subframe configuration for reference, subframe(s) of listening RS can be configured as the example in below:

Listening-SubframeConfig ::=


SEQUENCE {

ListeningradioframeAllocationPeriod


ENUMERATED {x},

ListeningradioframeAllocationOffset


INTEGER (0..7),


ListeningsubframeAllocation




CHOICE {



oneFrame






BIT STRING (SIZE(6)),


}

}

In above subframe(s) of listening RS configuration, x is a value of {n64, n96}, which is an integer multiple of the “ radioframeAllocationPeriod ” in order to easily configure listening subframe(s) as MBSFN subframe(s). ListeningradioframeAllocationPeriod: Radio-frames that contain subframe(s) of listening RS occur when equation SFN mod ListeningradioframeAllocationPeriod = ListeningradioframeAllocationOffset is satisfied. n64 denotes value 64, n96 denotes value 96.
“ListeningradioframeAllocationOffset” is the same as the current MBSFN subframe configuration. Subframe(s) of listening RS in one frame is further specified by 6 bit bitmap. There is little specification effort based above mentioned example, due to maximum reusing the current MBSFN subframe configuration.

RS configuration

PRS was proposed as the listening RS for network synchronization due to better frequency reuse and more available REs both in time and frequency, and hence can be expected to improve network synchronization performance. However, as studied in [5], when coordinated muting/listening is used, no more than three hops are enough for network listening to achieve synchronization. Given the agreement to support muting in RIBS, the need to use PRS to support multiple stratum level beyond 3 hops and improve the achievable synchronization accuracy further is not significant. Thus, we think CRS shall be the baseline listening RS for RIBS. If further synchronization accuracy is desired, PRS can be configured in addition to CRS.  

To indicate the listening RS of the source cell, a backhaul signalling includes two parameters: RS type and RS port. RS type indicates the listening RS type of the source cell, and is from the RS set {CRS, CRS+PRS}. RS port indicates the RS port used for network listening. Based on such parameters, the target cell can get the accurate RS information of the source cell in order to avoid blind detection.

Stratum Level and Synchronization status parameters as in current specification can still be used for RIBS by backhaul signalling.

Based the above analysis, it is necessary and sufficient to introduce the signalling of listening RS and subframe configuration for RIBS, and the specific signalling process can be referred to [3].

Proposal 1: Backhaul based signalling should be introduced to support RIBS, such as listening RS and subframe configuration.

Proposal 2: RAN1 should send LS to RAN3 to specify backhaul signalling for listening RS and subframe configuration.
2.2 Inter-operator synchronization
In RAN1#76b, the detailed scenarios were discussed in [4] for inter-operator RIBS. We think these scenarios are useful. As indicated in [4] and [5], the real motivation of inter-operator RIBS is to mitigate mutual interferences from neighbouring cells of different operators. In other words, the goal is to minimize Adjacent Channel Interference Ratio (ACIR) for asynchronous TDD inter-operators base stations.

2.2.1 Interferences of inter-operator RIBS
Take for example, an inter-operator RIBS scenario given in Figure 1.There are two operators: Operator A and Operator B. Cell_A1 (the target cell) of Operator A wants to synchronize with Cell_B1 (the source cell) of Operator B. The frequency of Operator A (f1) and the frequency of Operator B (f2) are intra-band (within a band).The macro-eNB of the Operator B has another frequency (f3). The frequency f3 is in another band of f1 and f2 (inter-band).

· Interference caused by cells of the same operator as the source cell (denoted as Type 1 interference in Figure 1): when Cell_A1 is listening to Cell_B1 on f2, the listening RS from cell_B1 is interfered by cell_B2.
· Interference caused by cells of the same operator as the target cell (denoted as Type 2 interference in Figure 1): when Cell_A1 is listening to Cell_B1 on f2, cell_A2 (on f1) will interfere f2 by adjacent channel leakage power. Obviously, this kind of interference can be mitigated by muting.
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Figure 1 Scenario for Inter-operator RIBS
Observation 1: There are two types of interference in inter-operator RIBS: interference caused by cells of the same operator as the source cell and interference caused by cells of the same operator as the target cell.

2.2.2 Procedure and parameter exchange for inter-operator RIBS
For the above inter-operator RIBS scenario (as in Figure 1), a possible procedure can be considered as follows.

Step 1: As the target cell, Cell_A1 selects a source cell from operator B.

As discussed in [4], the reason for Cell_A1 to obtain synchronization from operator B is that no synchronization source can be identified in operator A. This scenario is likely for the case where an isolated small cell of operator A is deployed close to other cells of operator B. Otherwise, Cell_A1 will always select a synchronization source within the cells of the same operator A to obtain better synchronization accuracy and maintain synchronization to its own operator. 

Cell_A1 measures on f2 and f3. It will found the cell with the strongest interferences. After that, the Cell_A1 selects the cell with the strongest interferences as the source cell for inter-operator RIBS and synchronizes with it. For convenience, it is assumed Cell_A1 selects Cell_B1 as the source cell.

Step 2: Cell_A1 informs the nearby cell(s) of Operator A to mute (on listening subframe).

After Cell_A1 selecting Cell_B1 as the source cell, Cell_A1 detect (blindly) and determine the appropriate listening subframe. After that, Cell_A1 can send this information (e.g., utilizing backhaul signalling proposed in Section 2.1 to indicate the listening subframe) to the nearby Cell_A2 such that Cell_A2 can mute during the listening subframe.

A key question for inter-operator RIBS is that do we need exchange parameters between cells of different operators. 
Stratum Level and Synchronization status:

A cell from Operator A can detect the strongest interfering cell of Operator B (most likely, this cell would be a nearby cell with the best signal strength for listening for cells of Operator A). Under this condition, to mitigate interferences, cells from Operator A need to be synchronized with the strongest interfering cell no matter what the stratum level of that interfering cell is.

As discussed in [4], all cells provided by Operator B as the source cells are TDD cells. Hence, it can be assumed that most of cells of Operator B are synchronized and, can be used as the source cells. A cell from Operator A (as the target cell) can be synchronized with any one cell from Operator B (as the source cell) without knowing Synchronization status of that particular source cell of operator B.
In inter-operator RIBS, synchronization with the strongest interfering cell from another operator will be most effective in mitigating mutual interferences. Therefore, Stratum Level and Synchronization status information of the source cells are not needed.

RS configuration and subframe(s) of listening:

As discussed in the above procedure, both listening RS configuration and subframe(s) of listening can be blindly detected at the target Cell_A1. Although there’s complexity associated with blind detection, this may only need to be done once when Cell_A1 is powered on or very less frequently since both parameters are less likely changed at Cell_B1 once configured. Furthermore, such complexity can be mitigated if common OAM configuration is negotiated for both operator A and B.  

In summary, exchange the information of RS configuration and subframe(s) of listening RS is NOT required between the target cell and the source cell for inter-operator RIBS.
Observation 2: Information exchange of RIBS parameters is not necessary between the target cell and the source cell for inter-operator RIBS.
2.2.3 Simulation
Performance of inter-operator network listening are provided below and are in the form of SINR distribution for inter-operator network listening. In the simulation, it is assumed that two operators are on adjacent band. The agreed evaluation assumptions in [6] are used. Two operators share the same small cell cluster locations and ACIR value for adjacent band inter-operator is 43dB [7]. SCE scenario 2b with 2 floors per building and 4 small cells per floor is assumed. Here, four cases are considered in the simulation in terms of coordinated muting for inter-operator network listening.
Case 1:  A small cell of operator A can first listen to Macro cells of another operator B for synchronization. If the observed SINR at target cell lower than a threshold, e.g. -15 dB, it will try to listen to small cells of operator B for synchronization. Note that, other cells of operator A and B are not muted.

Case 2:  A small cell of operator A directly listens to small cells of another operator B for synchronization, and other cells of operator B are muted in this case. 

Case 3: A small cell of operator A directly listens to small cells of another operator B for synchronization, and other cells of operator A and B are not muted. 
Case 4: A small cell of operator A directly listens to small cells of another operator B for synchronization, and other cells of operator A are muted while operator B not. 

Figure 2 shows the SINR (of the source cell signal received at the target cell) distribution of small cells for network listening in cases above.
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Figure 2 SINR distributions for inter-operator network listening

Obviously, as Figure 2 shows, the observed SINR in case 2 (corresponding to muting in operator B) can be greatly improved due to coordinated muting applied within the cells of one operator. Interference caused by cells of the same operator as the source cell has greater impact on the performance compared to interference caused by cells of the same operator as the target cell. However, even without muting during the listening period (i.e., case 3) at all, the hearability of network listening to the other operator (that is, the observed SINR at cells is higher than the required threshold, e.g. -15 dB) can still be achieved.
Observation 3: Both types of interference of inter-operator RIBS can be mitigated and the performance of inter-operator RIBS can be improved via coordinated muting within one operator. Such muting within one operator can be supported through backhaul signalling.
3 Conclusion
In this contribution, we have shared our views on the required RIBS parameter(s) and potential standard impacts, and discussed procedures for inter-operator synchronization. The proposals and observations are as follows:
Proposal 1: Backhaul based signalling should be introduced to support RIBS, such as listening RS and subframe configuration.

Proposal 2: RAN1 should send LS to RAN3 to specify backhaul signalling for listening RS and subframe configuration.
Observation 1: There are two types of interference in inter-operator RIBS: interference caused by cells of the same operator as the source cell and interference caused by cells of the same operator as the target cell.
Observation 2: Information exchange of RIBS parameters is not necessary between the target cell and the source cell for inter-operator RIBS.
Observation 3: Both types of interference of inter-operator RIBS can be mitigated and the performance of inter-operator RIBS can be improved via coordinated muting within one operator. Such muting within one operator can be supported through backhaul signalling.
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