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1   Introduction
The objective of RIBS (Radio-interface based synchronization), as a part of the Work Item of the Small cell enhancements-physical layer aspects,  is to specify the mechanisms for efficient radio interface based inter-cell synchronization, i.e. network listening, in single-carrier or multi-carrier operation. In the last RAN1 meeting, it was agreed to close the RAN1 discussion on RIBS and sent all the agreements of RIBS to RAN3. Therefore, finalizing the X2/S1 signalling and/or OAM requirements for RIBS are demanded in RAN3.In this contribution, we analyze the background, RAN1 progress and identify which solution is most suitable for RIBS.

2   Discussion

2.1   Overview of network listening technique

GPS, IEEE 1588 v2 and Network Listening are three synchronization techniques. And network listening can be used in scenarios where GPS and IEEE 1588 v2 are not available, for both FDD and TDD systems, as shown in figure1. In addition to the well-known synchronization requirement for TDD system, synchronization is essential or beneficial for the features such as (f) eICIC, CoMP, NAICS, for both FDD and TDD. 
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Figure 1 Radio-interface based synchronization (two hops)
It may be argued why not just reuse the mechanisms specified for synchronization between TDD HeNBs. In this approach, both backhaul signalling and blind detection schemes for indication of stratum level and synchronization status are endorsed. However, this approach is not sufficient for small cell scenarios, e.g. without muting mechanism for synchronization accuracy improvement. Moreover, the mechanism specified in SA5 requires small synchronization periodicity, e.g. 320ms, and brings big overhead due to relatively dense listening occasions. 

Observation 1: The mechanisms specified for synchronization between TDD HeNBs were not sufficient for small cell scenarios. 
2.2   Overview of RAN1 Progress for RIBS
Consequently, an enhanced network listening mechanisms discussed in RAN1. And the agreements in RAN1 to enhance the RIBS mechanisms could be summarized as following [1]
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[2]:
· Specify a new kind of RS, listening RS(s) including RS pattern, and subframe periodicity, and offset, for both FDD and TDD (more details are in the next slides)

· Subframe-level muting is supported for RIBS

· Network listening between the cells of different operators operating in the same TDD band is beneficial in some scenarios and should not be precluded

In the next steps, RAN3 need specify the listening RS by S1/X2 signalling and/or OAM, with consideration of subframe-level muting and network listening between the cells of same and different operators based on RAN1 conclusion. In the following paper, we assume the Time Sync information includes two parts: one is existing Time Sync information (time synchronization status and stratum level), another part includes listening RS type and Pattern (periodicity and offset).
Observation 2: RAN3 need specify the listening RS by S1/X2 signaling and/or OAM, with consideration of subframe-level muting and network listening between the cells of same and different operators.

2.3   Radio-interface based synchronization Schemes

2.3.1   Working Procedure of RIBS
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Figure 2 Scenario of Radio-interface based synchronization

Four steps are needed to support network listening between eNBs.

· Step 1: Coarse synchronization/ Synchronization source detection 

· Obtain PCI and ECGI related information of neighbours
· Step 2: Selection of the source for synchronization

· Retrieving stratum level and Listening RS configuration from neighbours

· Via backhaul signalling (S1/X2) and/or via blind detection/OAM configuration

· Selecting the cell with the lowest synchronization level as the source 

· Step 3: Fine synchronization to the cell

· Using the Listening RS information from previous step 

· Step 4: The eNB request neighbour eNB to mute sub frames to improve the hearability of Listening RS
2.3.2   Listening RS Configuration
Besides time synchronization status and stratum level, the Listening RS information includes the Listening RS type, Pattern (periodicity and offset). To reduce the impact of having too much flexibility is unnecessary signalling, e.g. muting pattern, it is beneficial to reduce the parameters while still allowing a reasonable flexibility.
Based on RAN1 conclusion, the Listening RS pattern type includes CRS only and CRS and PRS, with the range of Periodicity is [1280ms, 2560ms, 5120ms, 10240ms]. And the max number of hops is kept at 3, i.e. the stratum level is 4 as HeNB network listening mechanism.
Apart from above parameter, Offset of the patterns is used to spread the different LRS for different stratum levels. The max offset depends on the periodicity [0..periodicity-1]. In our view, it is not necessary to enable the use of any subframe for LRS. It is enough to only allow LRS in subframe#1, with evenly distributed radio frames (e.g. every 320ms) within the periodicity can be used for offset.
Observation 3: it is beneficial to reduce the parameters while still allowing a reasonable flexibility.

Proposal 1: it is proposed to limit the usage of sub frames to subframe number 1, with evenly distributed radio frames (e.g. every 320ms) within the periodicity can be used for offset. 

2.3.3   Time Sync information Using Backhaul Signalling
To allows the eNB to be as close to GNSS time as possible, an eNB should preferably synchronize to the lowest possible stratum. Therefore, the stratum number of an eNB, except the eNB which directly connects to GNSS, is a dynamic quantity that could vary with changing RF conditions. As shown in figure1, if eNB_1 in the above example is turned off, then eNB_2 could obtain synchronization via a different route, say eNB_4 ( eNB_2 ( eNB_3, in which case it would have a stratum number change of eNB_2 from 1 to 2. A pure OAM solution would require that this change of stratum level is communicated through OAM which would lead to a large delay. Consequently, backhaul signalling is more flexible for small cell deployment.

Observation 4: Backhaul signalling is more flexible for small cell deployment. And it is up to the operator to decide whether to use the signalling or not depending on the deployment.  

An eNB can get information of neighbouring eNB's time sync information over the backhaul by using the S1-AP eNB configuration transfer procedure and the S1-AP MME configuration transfer procedure, as specified for HeNB. The only enhancement is to add listening RS type and Pattern (periodicity and offset) parameter into the Time Sync information, which currently includes time synchronization status and stratum level. As example of deployment in figure 2, the eNB_1 initiates S1-AP eNB configuration transfer procedure by sending the MME the eNB CONFIGURATION TRANSFER message containing the target eNB ID and Time Sync Info request. The MME forwards the request to the target eNB with the MME CONFIGURATION TRANSFER message. When the eNB_4 receives the MME CONFIGURATION TRANSFER message with Time Sync Info request, it replies to the MME with eNB CONFIGURATION TRANSFER message containing its time sync information. The MME forwards the received information to the eNB_1. A flow chart to demonstrate the above work procedure to derive the Time Sync Info and use LRS pattern for tracking is given in the subsequent figure3.
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Figure 3 S1-AP based Sync procedure
The enhancement for X2 can reduce the signalling load of S1. Using the direct communication instead of MME routing via S1 will reduce the S1 signalling node, like the relationship between S1 and X2 handover. Especially in some small cell dense deployment scenario, S1 signalling load will be challenged. Additionally, the background of only S1 signalling of Time sync information is the introduction of this information is for HeNB, while there is no X2 interface for HeNB at that moment. And there is no such limitation now. 
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Figure 4 X2-AP based Sync procedure
Proposal 2: Reusing the S1 signalling for HeNB, with extension the information with LRS configuration. And it is benefit to extend the exchange over X2, e.g. in X2 setup.
To improve synchronization accuracy, subframe-level muting is supported for RIBS. It is straightforward to reuse the load indication procedure, which minimizing signalling as much as possible.
Proposal 3: it is proposed to introduce the muting request in the load information message.
2.3.4   Time Sync information by Blind Detection
Besides S1/X2 signalling, for the easy negotiation among different vendors and different operators, it is beneficial for an operator to use an OAM configuration. For example, in scenarios where signalling is not possible (e.g. inter operator), the operator can choose to rely on blind detection. Requires that the number of configurations used in the system is minimized, e.g. use the same configuration for all eNB in the same stratum level. This is also beneficial for other reasons, e.g. to reduce the muting in the system.

The recommendation of the OAM configuration is as following:

· Periodicity:  one value out of [1280ms, 2560ms, 5120ms, 10240ms]

· 5120ms is recommended as default periodicity, as it is enough to overcome the drift of crystal oscillator for a small cell

· Offsets:  a number of offsets. 

· [ 1, 1281, 2561,  3841] is recommended as four evenly distributed offsets

Proposal 4: RAN3 endorses both backhaul signalling and blind detection schemes for indication of stratum level, synchronization status, listening RS type and Pattern (periodicity and offset) and their adoption depends on the operator deployment choice. 

3   Conclusion 
Based on above discussion, the following are observed:

Observation 1: The mechanisms specified for synchronization between TDD HeNBs were not sufficient for small cell scenarios.

Observation 2: RAN3 need specify the listening RS by S1/X2 signalling and/or OAM, with consideration of subframe-level muting and network listening between the cells of same and different operators.

Observation 3: it is beneficial to reduce the parameters while still allowing a reasonable flexibility.

Observation 4: Backhaul signalling is more flexible for small cell deployment. And it is up to the operator to decide whether to use the signalling or not depending on the deployment.
Proposal 1: it is proposed to limit the usage of sub frames to subframe number 1, with evenly distributed radio frames (e.g. every 320ms) within the periodicity can be used for offset. 

Proposal 2: reusing the S1 signalling for HeNB, with extension the information with LRS configuration. And it is benefit to extend the exchange over X2, e.g. in X2 setup.

Proposal 3: it is proposed to introduce the muting request in the load information message.

Proposal 4: RAN3 endorses both backhaul signalling and blind detection schemes for indication of stratum level, synchronization status, listening RS type and Pattern (periodicity and offset) and their adoption depends on the operator deployment choice. 
Therefore, we prefer a signalling based solution and we have provided the related CRs[3]
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[5]
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[6] . But we have also provided a CR outlining a solution based on OAM and blind detection [4].
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