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1. Introduction & Background
As described in Rel-12 WID [1], RAN1 needs to specify the down-selected RIBS solutions, considering both of intra-operator synchronization, as well as its possible applicability to inter-operator TDD deployment in the same band as follows: 

Based on the analysis of RIBS scenarios and requirements in last RAN1 meeting [2], this contribution further clarifies the requirements of supporting network listening for small cells, and then several RIBS solutions for intra-operator small cells are addressed for down selection. 
2. Network listening for small cells
It’s well known that network listening has been considered for Rel-9 HeNB as a tool to supporting multiple-hop RIBS, which can be naturally extended to the scenario of small cell dense deployment. In general, reference timing of small cells can be obtained based on sniffing three kinds of synchronization sources, including:
-
Listen to global reference timing, e.g., GPS if the GNSS is available
-  Listen to overlaid macro eNBs, e.g., already synchronized TDD macro eNBs
-  Listen to other overlaid small cells, e.g., already synchronized TDD small cells
Unfortunately, neither the global reference timing nor the overlaid macro eNBs is easy to be obtained at indoors, while indoor deployment is the most important scenario for Rel-12 small cell enhancement. In the case of global reference timing is not available, or not all small cells indoors can listen to the reference timing from macro eNBs stably with required synchronization timing accuracy, small cells have to catch the reference timing by network listening from other overlaid small cells.
Network listening between small cells might be left for a implementation way to different vendors just like Rel-9 HeNB, where the only specification impact is to define two backhaul signalling (S1- signalling), i.e., stratum level and synchronization status (synchronous or asynchronous), to help the target cells to select the proper source cell with the better timing accuracy. However, Rel-9 network listening solutions for HeNB cannot solve the problems at the scenario of small cell dense deployment, for the reasons that:
· Supporting multiple hops: according to the link-level and system-level evaluations for Rel-12 small cells with dense deployment, at least for the scenario 2b and scenario 3, a non-negligible percent of small cells cannot meet the relative SINR threshold for 3us timing accuracy under the limitation of maximum 3 hops as for Rel-9 HeNB [3], and using the GP in TDD special subframes to perform network listening from the source cell’s DwPTS is infeasible for the case more than 2 hops. Therefore the existing RIBS solutions should be enhanced to support the maximum stratum level beyond 3 hops, e.g. 4 to 6 hops, and the number of hops configured in the network is dependent on scenarios.
· Applicability to the eIMTA: dynamic TDD reconfiguration will break the relationship between listening RS configuration and stratum levels, and thus lead to UL-DL interference. In this case, the reconfiguration of UL-DL configuration for small cells in the same cluster should be simultaneous, and the reconfiguration of UL-DL flexible subframes should be informed to all neighboring clusters to coordinate the listening RS configuration and mitigate the collision. Furthermore, using DL MBSFN subframes to perform network listening is not suitable for the TDD configuration 0, since all DL subframes, i.e., #0, #1, #5 and #6 subframes  cannot be configured as MBSFN subframes in the type 2 frame structure.
· Applicability to different vendors: for the small cell deployment within the same operator, the products of macro eNBs or small cells might be from different vendors. In the Rel-9 HeNB WI, though the Time Synchronization Info IE including the stratum level and the synchronization status had been specified in RAN3, the network listening solutions as well as listening RS configuration were not specified yet. If different vendors use different solutions or listening RS configuration for small cells, collisions and inter-cell interference are inevitable. Therefore, cooperative network listening configuration among small cells from different vendors is also needed.
Focused on above problems, it’s better to specify the intra-operator RIBS solutions and corresponding network listening configuration, including listening RS and RS pattern, muting, as well as the possible radio-interface based signaling. On the other hand, at least in the same region for an operator’s network, it's better to keep different vendors with the same RIBS solution and the same network listening configuration, i.e., it’s better to down-select network listening solutions from several existent or enhanced MBSFN as well as GP solutions in order to minimize the standard impacts.
Proposal 1: Specify intra-operator RIBS solutions and corresponding network listening configuration, including listening RS and RS pattern, muting, as well as the possible radio-interface based signaling.
Proposal 2: Down-selected RIBS solutions should support the maximum stratum level beyond 3 hops, e.g. 4 to 6 hops, and support the applicability to the TDD configuration 0 in type 2 frame structure.
3. RIBS solutions for intra-operator small cells
It has been agreed in Rel-9 that, the HeNB may periodically track one or more signals from the source cell (e.g. PSS/SSS, CRS, PRS) to maintain its synchronization. Of course, tracking the PSS and SSS could come at the cost of some backward compatibility since a HeNB would need to shut down its PSS/SSS transmission to monitor the PSS/SSS of the source (H)eNB. Two fully backward compatible schemes for tracking the CRS have been proposed in Rel-9, one that uses DL MBSFN subframes and one that uses the guard period between DL and UL transmission. A description of these HeNB RIBS schemes is given in 3GPP TR 36.922 [4].
As we have discussed in the section 2, Rel-9 network listening solutions for HeNB cannot solve the problems at the scenario of small cell dense deployment, because that using DL MBSFN subframes to perform network listening is not suitable for the TDD configuration 0, and using the GP in TDD special subframes to perform network listening from the source cell’s DwPTS is infeasible for the case more than 2 hops. For these reasons, some companies have proposed the enhanced network listening solutions and try to solve above issues, including [2, 5-7]:
· Alternative 1- UL subframes, e.g., UL MBSFN carrying listening RS: Configuring some UL subframes as MBSFN subframes to carry the DL listening RS and to perform network listening as well as muting, which is able to support its applicability to eIMTA and TDD configuration 0.
· Alternative 2- Long GP in listening subframes: Configuring a longer GP in TDD special subframes to perform network listening from the source cell’s DwPTS in the listening subframes, while leaving a GP length unchanged for other subframes in the target cell. Listening RS pattern configuration corresponding to different stratum levels can be TDM to support multiple-hop network listening.
· Alternative 3: Long GP carrying listening RS: Configuring a longer GP in the TDD special subframes and transmitting the listening RSs in the part of source cell’s GP periodically, and then the target cell in the next stratum level performs network listening in the corresponding GP. Listening RS pattern configuration corresponding to different stratum levels can be TDM to support multiple-hop network listening. 
Comparisons for several existent or enhanced MBSFN and GP solutions are given in the Table 1 as follows.
Table 1: Comparisons for several existent or enhanced MBSFN and GP solutions for RIBS
	Classification
	RIBS solutions
	Advantages of the solutions
	Issues to be solved

	zaMBSFN 
	Option 1: DL MBSFN carrying listening RS for Rel-9 HeNB 
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	Flexible MBSFN subframe configuration;
TDM to support more than 3 hops;

No impacts on legacy UEs
	Need additional overhead for inter-level muting;
Not suitable for the TDD configuration 0

	
	Option 2: UL subframes, e.g., UL MBSFN carrying listening RS
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	Flexible MBSFN subframe configuration;

Extra DL source for listening RS and suitable for TDD configuration 0;
TDM to support more than 3 hops;
	Need additional overhead and configuration for inter-level muting;

TDD HARQ timing in UL subframes might be effected;

	GP
	Option 3: GP listening to DwPTS for Rel-9 HeNB
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	Listen in the GP of special subframes and no muting required;
No impacts on legacy UEs
	Need additional overhead for longer GP;
Infeasible for the case more than 2 hops

	
	Option 4: Long GP in listening subframes
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	Listen in the GP in listening subframes;
TDM to support more than 3 hops;

Suitable for TDD configuration 0
	Need additional overhead for longer GP;

Need additional overhead and configuration for inter-level DwPTS muting;
RRM measurement might be effected since muting is transparent to legacy UEs

	
	Option 5: Long GP carrying listening RS
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	Listen in the GP and sending listening RS in the GP supporting more flexible special subframe configuration;
TDM to support more than 3 hops;

Same TDD special subframe configuration for each stratum level and inter-level muting is not required;

Suitable for TDD configuration 0;
Very low inter-cell interference for the same or different stratum levels especially for dense small cell deployment ;
No impacts on legacy UEs
	Need additional overhead for longer GP;
Need to specify the listening RS transmission in GP


As we have proposed in section 2, the down-selected solution for small cell RIBS should support the maximum stratum level beyond 3 hops, and support the applicability to the TDD configuration 0 in type 2 frame structure. Moreover, the down-selected RIBS solution should be able to minimize inter-cell UL/DL interference as well as the impacts on legacy UEs as far as possible, since dense deployment is the most important scenario for Rel-12 small cell enhancement. It seems that both transmitting and monitoring the listening RSs in the GP, (i.e., option  5: long GP carrying listening RS), can achieve these targets and minimizing the standard efforts.
Proposal 3: RIBS solutions for small cells should  specifying GP-based schemes as a candidate, among which transmitting and monitoring the listening RSs in GP, i.e., long GP carrying listening RS, can achieve these targets with minimizing inter-cell interference as well as the impacts on legacy UEs.
4. Conclusion

In this contribution, the down-selected RIBS solution for intra-operator small cells is proposed based on the analysis of networking listening requirements for small cell enhancment. Focusing on key issues came from the dense deployment scenario of small cells, it’s proposed that:
Proposal 1: Specify intra-operator RIBS solutions and corresponding network listening configuration, including listening RS and RS pattern, muting, as well as the possible radio-interface based signaling.

Proposal 2: Down-selected RIBS solutions should support the maximum stratum level beyond 3 hops, e.g. 4 to 6 hops, and support the applicability to the TDD configuration 0 in type 2 frame structure.
Proposal 3: RIBS solutions for small cells should specify GP-based schemes as a candidate, among which transmitting and monitoring the listening RSs in GP, i.e., long GP carrying listening RS, can achieve these targets with minimizing inter-cell interference as well as the impacts on legacy UEs.
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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
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