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1. Introduction

RAN3 has received incoming LS on radio interface based synchronization (RIBS) from RAN1, which stated that [1]: 
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Other important agreements were also cited in R1-141892 as follow [2]:
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This contribution presents backhaul enhancement on RIBS with regard to RAN1’s LS, focusing on solving the issue of inter-vendor cooperation.

2. Discussion on periodicity and offsets of listening RS

2.1 LRS periodicity

As agreed in RAN1, the eNB should choose one listening RS (LRS) periodicity from [1280ms, 2560ms, 5120ms, 10240ms] or a subset of it, and additional periodicities, e.g., 640ms or 20480ms, is not necessary. 

First of all, the minimum LRS periodicity depends on UEs’ impacts from unexpected LRS subframes. Network listening is an eNBs’ behavior that is transparent to UEs. Unless informed, the UE is unaware if eNBs are transmitting LRS, network listening to LRS or muting subframes. As a result, the legacy UEs’ behavior, e.g. RRM/RLM measurement, would be affected under some network listening solutions. Though [3] has analyzed and concluded that the impact on UE RRM/RLM measurement cased by network listening can be neglected when the LRS periodicity is in the level of 5~10 seconds, it is not guaranteed that, the impact on UEs’ behavior can also be ignorable when the candidate LRS periodicity is as short as 640ms.

Secondly, the maximum LRS periodicity is depending on the frequency error. Assuming 0.1ppm frequency error for small cells, the relative frequency error between two small cells is 0.2ppm. Ignoring the timing measurement error, the maximum synchronization maintenance period should be limited to 3us/0.2ppm = 15s in order to fulfill the synchronization requirement of 3us. Therefore, the candidate LRS periodicity of 20480ms should be excluded.

Proposal 1: The small cell should choose one periodicity of network listening RS from [1280ms, 2560ms, 5120ms,10240ms] or a subset of it.
2.2 LRS offsets and subframe-level muting

Whether to restrict the LRS offsets within a limited subset (e.g., restricted into [1, NLRS/4 + 1, 2*NLRS/4 + 1, 3*NLRS/4 + 1]) or fully flexible (i.e., freely selected from 0 to NLRS – 1, where NLRS denotes the number of subframes in the LRS periodicity) is an open issue in RAN1, and need further discussion [4].

In order to design LRS offsets hop-by-hop, as well as to support subframe-level muting, HeNB’s design is taken as an example.  As shown in figure 1(a), the HeNB WI has specified two backhaul signaling, i.e., synchronous/asynchronous status and stratum level, to support better selection of a source cell [5], and all the other procedures (as shown in RED/BLUE color in figure 1(b)) are left open for vendor-specific implementations, which incurs inter-vendor problem.
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Step 1: Searching for candidate synchronization sources
o Step 1-1: cell searching via PSS/SSS
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Step 2: Selection of synchronization source from candidate ones
o Step 2-1: obtaining the indications of synchronous/asynchronous status
and stratum level from backhaul signaling
o Step 2-2: the candidate cell with smallest stratum level would be chosen

as the source cell
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Step 3: Updating target cell’s configuration
o Step 3-1: suppose the stratum level of source cell is N, then set the
stratum level of target cell as N + 1

(b) Full Procedure of RIBS

Step 1: Searching for candidate synchronization sources
o Step 1-1: cell searching via PSS/SSS
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Step 2: Selection of synchronization source from candidate ones
o Step 2-1: obtaining the indications of synchronous/asynchronous status
and stratum level from backhaul signaling
o Step 2-2: the candidate cell with smallest stratum level would be chosen
as the source cell
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Step 3: Updating target cell’s configuration

o Step 3-1: suppose the stratum level of source cell is N, then set the

stratum level of target cell as N + 1

o Step 3-2: obtain the LRS periodicity and/or offset of the source cell,

which determines the actual subframe offset to perform network

listening

o Step 3-3: determine the proper subframe offset to transmit the LRS

for next hops

o Step 3-4: determine the proper subframe offset of itself and/or

neighbor cells to perform subframe-level muting

o Step 3-5 [optional]: Inform neighbor cells of the suggested

subframe offset to perform subframe-level muting
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Step 4: Actions for radio-interface based synchronization
o Step 4-1: listen to LRS from source cell
o Step 4-2: transmit LRS to next hops
o Step 4-3: perform subframe-level muting

\











Figure 1: Comparison of full RIBS procedure and the one specified in HeNB scenario

Besides the existing HeNB mechanism, two RIBS mechanisms are introduced as follows to determine the LRS offset, 

· Approach 1: listening RS configuration is predefined in the specification, i.e., predefine some one-to-one mapping rule between stratum levels {0, 1, 2, 3} and 4 fixed LRS offsets, since stratum level is an already available backhaul signaling specified in HeNB WI. 

· Approach 2: listening RS configuration is configured with explicit signaling, i.e., no restriction on the LRS offsets corresponding to the stratum levels, and the source cell can select a subframe offset for transmitting LRS and inform the subframe offset to neighboring cells by an explicit signaling.
The following two subsections discuss their signaling definition, complexity, resource overhead as well as interference suppression performance are compared.
2.2.1 Predefined listening RS configuration 

LRS offset

For Approach 1, listening RS configuration are predefined in the specification. For example, specifying 4 fixed LRS offset, e.g., [1, NLRS/4 + 1, 2*NLRS/4 + 1, 3*NLRS/4 + 1], and each LRS offset corresponds to a specific stratum level.

For example, the mapping rule between stratum level and LRS offset is as follows.

Table 1.  An example of mapping rule between stratum levels and LRS offsets

	
	Configuration 1 (even distribution)
	Configuration 2 (dichotomization distribution)

	Stratum level 0
	1
	1

	Stratum level 1
	NLRS/4 + 1
	2*NLRS/4 + 1

	Stratum level 2
	2*NLRS/4 + 1
	NLRS/4 + 1

	Stratum level 3
	3*NLRS/4 + 1
	3*NLRS/4 + 1


Sub-frame level muting
As shown in figure 2, two kinds of subframe-level muting configuration can be supported. In the case 1, for each stratum level, once a subframe is used for transmitting of LRS, and all other subframes at the offset locations stop transmission, either for network listening of LRS, or for subframe-level muting. In the case 2, only the next hop to the target cell would mute itself at the subframes where the target cell performs network listening of LRS. It is obvious that case 1 provides better interference suppression performance, with a little more muting overhead.
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(a) Case 1: muting for all hops
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(b) Case 2: muting only for the next hop of the target cell

Figure 2: Illustration of LRS configuration and subframe-level muting for approach 1 (Predefined LRS offset)
Inter-vendor cooperation is an important requirement for operators. To support this operator requirement, four issues need to be solved.

Q1: how to obtain the LRS periodicity from target cell?

The target cell can obtain the LRS periodicity by blind detection. Taking figure 2 (a) as an example, the target cell can detect whether a subframe is muted or not in every 320ms. Suppose the interval between two adjacent muted subframe isδmuted , then the LRS periodicity can be deduced as 4×δmuted.

Q2: how to obtain the LRS offset of the source cell?

The target cell can deduce the LRS offset of the source cell from one-to-one mapping rule between stratum level and the LRS offset without extra signaling. 

Q3: how to decide the LRS offset of the target cell?

The target cell can deduce the LRS offset itself from one-to-one mapping rule between stratum level and the LRS offset without extra signaling.  

Q4: how to decide the offset of the muting subframes?

The target cell can deduce the offset of the muting subframes from one-to-one mapping rule between stratum level and the muting offset without extra signaling. 
In conclusion, approach 1 provides minimum signaling overhead (no extra signaling), and minimum process complexity (i.e., most of the LRS configuration can be deduced from one-to-one mapping rule between stratum level and the LRS offset), and smaller muting overhead (only 3 muted subframes in a LRS periodicity for each stratum level), and better interference suppression performance.

In addition, approach 1 can also work well in inter-operator RIBS scenario, since no extra signaling is necessary to be exchanged on the backhaul interface.

Observation 1: Approach 1, i.e., listening RS configuration is predefined in the specification, can support inter-vendor cooperation well, and the LRS periodicity can be obtained by blind detection. Approach 1 can also work in inter-operator synchronization scenario since no extra signaling is needed.
2.2.2 Explicit signaling on listening RS configuration

In approach 2, listening RS configuration is configured with explicit signaling. Similar to approach 1, to support the operator requirement of inter-vendor cooperation, four issues need to be solved.

Q1: how to obtain the LRS periodicity from target cell?

The target cell can obtain the LRS periodicity only by explicit signaling.

Q2: how to obtain the LRS offset of the source cell?

The target cell can obtain the LRS offset of the source cell by explicit signaling, while blind detection seems to be difficult, since it is hard to distinguish LRS from legacy RS, when only CRS is configured as LRS.

Q3: how to decide the LRS offset of the target cell?

The target cell can select the subframe offsets that are not used for itself network listening or subframe -level muting to transmit its own LRS.

Q4: how to decide the offset of the muting subframes?

A possible configuration procedure is as follows: the source cell (e.g., eNB 1) informs the subframe-level muting offset to its neighbor cells, i.e., the subframe offset for itself to perform network listening, then the neighboring cells (e.g., eNB 2 ) perform muting at those indicated subframes. In this case, extra signaling for indicating subframe-level muting is necessary.
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Figure. 3 Illustration of LRS configuration and subframe-level muting for approach 2
In conclusion, approach 2 can obtain the maximum flexibility for LRS configuration, with the cost of extra signaling definition in specification.

Observation 2: Approach 2, i.e., listening RS configuration is configured with an explicit signaling, can also support inter-vendor cooperation well, where extra signaling should be specified:

· signaling on LRS periodicity

· signaling on LRS offset 

· signaling on LRS type and antenna ports

· signaling on subframe-level muting

2.2.3 Summary of two approaches

The comparison of approach 1 and approach 2 are summarized in table 2. 

Table 2. Comparison between approach 1 and approach 2

	
	Approach 1: listening RS configuration is predefined in the specification
	Approach 2: listening RS configuration is configured with explicit signaling

	LRS periodicity
	UE can blind detect from the target cell
	Signaling LRS periodicity by source cell

	LRS offset of source cell
	Target cell deduces from one-to-one mapping rule between stratum level and the LRS offset
	Signaling on LRS offset by source cell

	LRS offset of target cell
	Target cell deduces from one-to-one mapping rule between stratum level and the LRS offset
	Target cell selects the subframe offsets that are not used for itself network listening or subframe-level muting to transmit its own LRS

	Offset of muting subframes
	Target cell deduces from one-to-one mapping rule between stratum level and the muting offset
	signaling subframe-level muting offset by source cell

	Specification impacts
	The LRS periodicity [1280ms, 2560ms, 5120ms, 10240ms], and one-to-one mapping rule between stratum level and LRS offset or muting offset should be defined in the RAN3 specification.
	Extra signaling should be specified in RAN3 specification: signaling on
· LRS periodicity

· LRS offset 

· LRS type and antenna ports

· subframe-level muting


Proposal 2: Two LRS configuration approaches can be considered for RIBS enhancement, i.e., 

· Approach 1: listening RS configuration is predefined in the specification. The LRS periodicity [1280ms, 2560ms, 5120ms, 10240ms], and one-to-one mapping rule between stratum level and LRS offset or muting offset should be defined in the RAN3 specification.

· Approach 2: listening RS configuration is configured with explicit signaling. Extra signaling should be specified in RAN3 specification, including signaling on:

· LRS periodicity

· LRS offset 

· LRS type and antenna ports

· subframe-level muting 

Proposal 3: Listening RS configuration is predefined in the specification need no extra signaling and can work well in both inter-vendor and inter-operator synchronization scenario, and thus it is preferred.

3. Conclusions
This contribution presents the backhaul enhancement on RIBS, and two LRS configuration approaches supporting inter-vendor cooperation are analyzed and compared. It is proposed that: 

Proposal 1: The small cell should choose one periodicity of network listening RS from [1280ms, 2560ms, 5120ms, 10240ms] or a subset of it.

Proposal 2: Two LRS configuration approaches can be considered for RIBS enhancement, i.e., 

· Approach 1: listening RS configuration is predefined in the specification. The LRS periodicity [1280ms, 2560ms, 5120ms, 10240ms], and one-to-one mapping rule between stratum level and LRS offset or muting offset should be defined in the RAN3 specification.

· Approach 2: listening RS configuration is configured with explicit signaling. Extra signaling should be specified in RAN3 specification, including signaling on:

· LRS periodicity

· LRS offset 

· LRS type and antenna ports

· subframe-level muting 

Proposal 3: Listening RS configuration is predefined in the specification need no extra signaling and can work well in both inter-vendor and inter-operator synchronization scenario, and thus it is preferred.
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1. Overall Description:


RAN1 has agreed the following in RAN1 #77 on radio interface based synchronization.


For network listening, the following RS pattern is supported by configuration 


CRS only 


The number of CRS ports can be 1 or 2 


CRS and PRS 


The number of CRS ports can be 1 or 2 


The eNB should use one periodicity and offset of network listening RS that can be selected from the following recommended range of values


A range of values (>=2) for the periodicity 


Choose all or a subset from [1280ms, 2560ms, 5120ms, 10240ms] 


There is no consensus in RAN1 on the additional periodicities of 640ms and 20480ms


Values of offsets FFS


The max number of hops is kept at 3. 


2. Actions:


To: RAN3


ACTION: RAN1 sincerely asks RAN3 to take all of RAN1 agreements including [1] into consideration in the specification. RAN1 also sincerely asks RAN3 to decide the periodicities and values of offset(s), and to decide the means by which the periodicities, offsets and RS patterns will be assigned to and/or exchanged between the relevant nodes.





Agreement:


Subframe-level muting is supported for RIBS


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








PAGE  
1/6

