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Discussion and Decision
1. Introduction
According to the outcome of RAN1#76b meeting, the following items have been discussed and agreed:

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

· Other specification impacts are FFS

· 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

· 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

· A LS (R1-141883) is sent to RAN3 about the agreements on RIBS for information
In the separate contribution R1-142443, we present our design views regarding the above stated design issues. And in this contribution, we present our design consideration regarding the indication of synchronization accuracy, which is benefit for the RIBS source cell selection.
2. Synchronization Accuracy Indication for RIBS: 
Based on the Rel-9 NLM mechanism for RIBS source cell selection [2], when a listening small cell eNB/HeNB is powered-up, generally speaking it will find a synchronous cell with lowest stratum and sufficient SINR as its source cell above a certain SNR threshold. And by knowing the stratum-level of source cell from the S1-signaling described in Table-1, the listening small cell will decide its own stratum-level by simply adding one stratum above, e.g. if the stratum-level of source cell is n, then stratum-level of the listening small cell is simply n+1.
Table-1: TS36.413 [3], section 9.2.3.34 Time Synchronization Information

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	Synchronization Info
	
	
	
	

	>Stratum Level
	M
	
	INTEGER (0..3, …)
	

	>Synchronization status
	M
	
	ENUMERATED(Synchronous, Asynchronous, …)
	


In TR36.872 [1], the agreed network synchronization requirement for RIBS application is 3µs (or ±1.5µs) between any two overlapping cells. Considering the dense small cell deployment scenario in Rel-12, the supported multi-hop level may be further extent to even 6-hops/7-stratum levels. Practically, the number of hops that can be supported for each synchronization chain of hops depends on the synchronization accuracy accumulated over each-hop. Based on the legacy Release-9 RIBS scheme, a SNR threshold is used for each hop in order to guarantee that the synchronization requirement could be met with the maximum number of supported hops. 
However, in reality, the choosing of the appropriate SNR threshold will be a difficult task. If a tight SNR threshold is utilized, a maximum number of hops could be supported while ensuring sufficient synchronization accuracy over the whole synchronization chain, but the portion of cell synchronized with RIBS will be quite limited due to the tight SNR threshold applied. On the other hand, if a less tight SNR threshold is used, there will be a higher number of successfully synchronized RIBS cells with stratum level equal or below a certain value. But the uncertainty on the actual synchronization accuracy increases especially for cells with a high stratum level. To tackle this issue, an indication of an estimated accumulated synchronization error magnitude may be introduced in RIB synchronization, where this indication may be beneficial for RIBS source cell selection and it could to make the topology of synchronized cells more reasonable. For example, if the radio environment is quite good and cells can receive signals from synchronization source cells at good quality, synchronization chains can extend to the maximum number of hops supported. Otherwise, if the radio environment is challenging and cells can receive signals from synchronization source cells only at low quality, the allowed synchronization chain length will be shorter. Thus the maximum number of hops in a synchronization chain will be flexible and aligned with the actual radio environment. A cell can also more reliably determine whether the RIB synchronization was successful or not.
According to the Rel-9 specified parameters in TS36.413 (section 9.2.3.34) and TS32.592 (section 6.1.1.8.1) [4], the accumulated synchronization accuracy knowledge is not specified. To support such synchronization accuracy indication, it may be achieved either by explicitly indicating the estimated accumulated synchronization error magnitude or implicitly indicating it through stratum-level indication.
· Explicit Synchronization Accuracy Indication:
	[image: image1.emf]
Figure-1: Explicit Synchronization Accuracy Indication


As shown in Figure-1, the (accumulated) synchronization accuracy indicator [image: image3.png]


 can be introduced, where it denotes the estimated synchronization error magnitude or accuracy indication between stratum-p cell and stratum-0 cell for synchronization chain i. In each hop or stratum, the value of accumulated synchronization accuracy indication or synchronization error magnitude [image: image5.png]


 can be updated with the synchronization error [image: image7.png]


, where it denotes the rough magnitude estimate of synchronization error between cell-m and cell-n for synchronization chain-i. As an shown in Figure-1, the synchronization error δ1,0-1 may indicate the estimate of synchronization error magnitude between eNB-0 and eNB-1 for the first hop in the first synchronization chain; the synchronization error δ1,1-3 may indicate the estimate of synchronization error magnitude between eNB-1 and eNB-3 for the first synchronization chain; and so on. Therefore, the value of accumulated synchronization accuracy indication or synchronization error magnitude Δi,p  QUOTE 
 can be calculated based on a sum of all of the synchronization errors preceding the stratum-p for synchronization chain i. For example, Δ1,2  QUOTE 
 = Δ1,1 + δ1,1-3, and Δ1,3  QUOTE 
 = Δ1,2 + δ1,3-5 = Δ1,1 + δ1,1-3 + δ1,3-5 = δ1,0-1+ δ1,1-3 + δ1,3-5, and so on. 
Practically, the value of [image: image12.png]


 could be estimated by a kind of build-in mapping table. Depending on the measured SNR for the synchronization signal from the source-eNB, the synchronization-offset/error magnitude could be estimated with a certain probability assumed. The estimated offset is not a precise and may be regarded rather as an indicated synchronization accuracy range. Also, accumulated synchronization accuracy indication may require signalling of only a few quantisation levels (or bits) for sufficient performance.
· Implicit Synchronization Accuracy Indication:
A stratum-level calculation for the listening cell may also include information on the signal quality condition with respect to its source cell. It can be used as an implicit way to signal synchronization accuracy indication. As an example, the listening cell may increase source cell stratum level by one, if the SNR measured for the synchronization signal is above a given threshold. If the SNR is below the threshold, the stratum level is incremented by two instead. The approach implicitly indicates with larger stratum level a presence of poor synchronisation link, and effectively limits the length of possible synchronization chain using this cell as a source cell. 
As it can be seen, the above proposed procedure is quite similar to the Rel-9 RIBS source cell selection procedure, and adding only the SNR threshold level consideration. The utilized SNR threshold could be configurable or a pre-defined SNR threshold. Of course, the scheme can easily be extended to handle multiple SNR thresholds if seen necessary; the number of threshold levels defines the trade-off between overhead and performance. 
In order to further evaluate the performance of the above proposed synchronization accuracy based scheme, a system-level evaluation was conducted based on the agreed simulation assumption in R1-134966. For the Release-9 RIBS, the SNR threshold of -10 dB is selected based on our link-level simulation results shown in [4], which guaranteed that the synchronization requirement of 3µs can be met. As it can be seen in Table-3, with overlaid Macro as Stratum-0, there are maximum 6-stratum in the simulation. And with legacy Release-9 based approach, one small cell from each stripe building, which has the maximum received power of serving macro cell, is selected as source cell. The un-synchronized RIBS cell is about 15%. And to utilize the proposed Release-12 synchronization accuracy based approach, the un-synchronized RIBS cell is reduced to only 2.25%, which has the performance improvement of roughly 13%. 
Table-3: System-level Simulation Results of RIBS
	
	Stratum Level (Synchronized)
	Un-synchronized

	
	1
	2
	3
	4
	5
	

	R9 Ratio(<3us)

Threshold=-10dB
	25% 
	40.5% 
	14.88% 
	4.38% 
	0.24% 
	15% 

	R12 Ratio
	25% 
	52.75% 
	15.88% 
	3.75% 
	0.38% 
	2.25% 


Proposal-1: Consider supporting the synchronization accuracy indication in Release-12 RIBS, either by explicitly indicating with RAN3 signalling or implicitly indicating it through stratum-level indication.

5. Summary
Based on the discussion in above, we have the following proposal:

Proposal-1: Consider supporting the synchronization accuracy indication in Release-12 RIBS, either by explicitly indicating with RAN3 signalling or implicitly indicating it through stratum-level indication.
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