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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. In RAN1 #76bis meeting, it has been agreed to specify listening RSs (LRS) including RS pattern, and subframe periodicity, and offset for both FDD and TDD as follows:

In this contribution, several RIBS solutions for small cell enhancement are addressed for down selection [2], and detailed listening RS design for RIBS is proposed considering network listening overhead, timing accuracy and UE impacts.
2. RIBS solutions for small cell enhancement
A description of Rel-9 HeNB RIBS schemes is provided in 3GPP TR 36.922 [3]. 

· Rel-9 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 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 (GP) between DL and UL transmission. 
However, Rel-9 network listening solutions for HeNB may not be able to work in small cell dense deployment for several reasons,

· DL MBSFN subframes to perform network listening is not applicable for TDD configuration 0, 
· Using GP in TDD special subframes to perform network listening from the source cell’s DwPTS may need to be extended for more than 2 hops. 
Some companies have proposed some enhanced network listening solutions and try to solve above issues [2, 4-5]. Comparisons for several existent or enhanced MBSFN and GP solutions are given in the Table 1 as follows, including the principle, advantages of the solutions, as well as the issues to be solved.
Table 1: Comparisons for several existent or enhanced MBSFN and GP solutions for RIBS
	Classification
	RIBS solutions
	Pros
	Cons 

	MBSFN 
	Option 1: DL MBSFN carrying listening RS (Rel-9 solution)
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	Flexible MBSFN subframe configuration;
Supporting maximum 3 hops;

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

	
	Option 2: UL subframes, e.g., UL subframe 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 for inter-level muting;

TDD HARQ timing in UL subframes might be affected;

	GP
	Option 3: GP listening to DwPTS (Rel-9 solution)
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	Listen in the GP of special subframes and no muting required;
No impact 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 configuration for inter-level DwPTS muting;
RRM measurement might be affected since muting is transparent to legacy UEs

	
	Option 5: Long GP carrying and listening LRS
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	TDM to support more than 3 hops;

Suitable for TDD configuration 0;

Same TDD special subframe configuration for each stratum level, and no additional   configuration on inter-level muting;

Very low interference for different stratum levels especially for dense small cell deployment ;
No impact on legacy UEs
	Need additional overhead for longer GP;
Need to specify the listening RS transmission in GP


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, it should be able to minimize inter-cell 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 Option 5, i.e., Long GP carrying and listening LRS, can match target requirements and has no impact on legacy UEs for TDD, while Option 1, e.g., DL MBSFN carrying listening RS can achieve more flexible configuration for FDD.
Proposal 1: For GP based solution, Option 5, i.e., Long GP carrying and listening LRS, can match target requirements and has no impact on legacy UEs for TDD. For normal subframe, while Option 1, e.g., DL MBSFN carrying listening RS can achieve more flexible configuration for FDD.
3. Listening RS design for RIBS
3.1 Indication of Listening RS configuration 

Listening RS configuration for a particular cell is related to stratum levels, synchronization status, listening RS pattern, subframe periodicity and offset, listening RS burst, as well as the subframe-level muting and etc. Indication of this configuration information can be considered as three kinds of schemes:

· Explicit indication of all listening RS configuration, i.e., all the listening RS configuration information has to be informed to the target small cells by explicit backhaul or radio-interface based signalling. Explicit indication will bring more flexibility to the listening RS configuration and need some specification work for introducing new signalling definition. In case of multi-operator scenario, backhaul solution may not be applicable. This may restrict the use case of RIBS. 
· Implicit indication of all listening RS configuration: The listening RS configuration information is derived from blind detections or by some predefinitions. For example, stratum levels can be implicitly bundled with the subframe offset or radio frame offset. I n this way, specification work will focus on the definition of the principles or mapping relationship between the listening RS configuration. In addition, it will import some extra complexity for the receiver.
· Partially implicit indication of listening RS configuration: i.e, partial listening RS configuration information is informed to the target small cells by explicit backhaul or radio-interface based signalling, e.g., stratum levels and the synchronization status {synchronous / asynchronous} of source small cells, which has also been adopted for Rel-9 HeNB; while other listening RS configuration information is pre-defined in specification, or implicitly bundled with the explicit signalling, e.g., bundling the subframe offset or radio frame offset with stratum levels. In this way, it can achieve the trade-off between the control overhead and the receiver complexity. In addition, explicitly signalling of stratum levels and synchronization status is beneficial for the target small cells to select the synchronization source cells with higher timing accuracy quickly and finish the RIBS procedure as soon as possible.
Partially implicit indication of listening RS configuration, i.e., explicitly signalling of stratum levels and synchronization status, and other listening RS configuration information is pre-defined in specification or implicitly bundled with the explicit signalling, can achieve the trade-off between the control overhead and the receiver complexity. And thus it is preferred.
3.2 Design of listening RS parameters
As agreed in RAN1 #76bis meeting, listening RS(s) including RS pattern, and subframe periodicity, and offset, for both FDD and TDD need to be specified. In this section, considerations on the detailed listening RS design are proposed. Related LRS configuration parameters are defined as follows:
Tperiodicity:  the network listening periodicity for source cell transmitting LRS and target cell tracking the LRS;  
Nmax:         the number of stratum levels supported in specification for the small cell cluster;

Nconfig:       the number of configured stratum levels for the target small cell;

Nburst:        the number of bursts/subframes for LRS transmission within one TPeriodicity for each stratum level;     
1. LRS (Listening Reference Signals) burst structure

In order to guarantee the timing accuracy of network listening, it is proposed to define a LRS burst structure, i.e., the target small cell needs to detect Nburst LRS bursts/subframes to achieve the combined gain within a long LRS periodicity Tperiodicity.Two kinds of LRS burst structures can be considered, i.e., the distributed mode (Figure 1) as well as the centralized mode (Figure 2).
Alt 1: distributed mode 
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                                                Figure.1 Distributed mode for LRS burst structure
Alt 2: centralized mode  SHAPE  \* MERGEFORMAT 



                                               Figure.2 Centralized mode for LRS burst structure
2. LRS configuration parameters
LRS pattern

2-port CRS without first strip, and when LRS is transmitted on TDD special subframes, the LRS is shortened by the length of GP, considering to reserve 2 OFDM symbols (the first and last OFDM symbols in the GP)  for TX/RX switching;
TPeriodicity =10240ms

The reason why TPeriodicity is defined as 10240ms is that in the case of single-hop 2-port CRS tracking with 10s measurement interval, synchronization timing error is mostly less than ±1.5µs when the SINR is larger than -10dB (Note that, the time synchronization error will be dramatically increased, e.g., up to 20ms, when the SINR is lower than -10dB, e.g., -11dB), and as the SINR improved, the timing error of single-hop synchronization is also reduced [6]. Larger number of hops implies that much tighter synchronization requirement is needed for each hop and hence higher SINR is needed.  In order to satisfy multiple-hop timing error requirements for dense deployment small cells, the SINR threshold (10% CDF, i.e, 90% small cells are larger than the SINR threshold) for different synchronization hops are given in the Table 2.
Table 2：SINR threshold (10% CDF) for different synchronization hops (CRS based), without muting [6]
	Synchronization hops
	1
	2
	3
	4
	5
	6

	Timing error requirements 
	-1µs
	- 0.5µs
	-0.33µs
	- 0. 25µs
	- 0.2µs
	-0.17µs

	SNR threshold (10% CDF)
	-10db
	-8db
	-7db
	-6db
	-6db
	-5db


Therefore, with adding inter-level muting schemes and considering its potential benefits, we expect that in the condition of the followings, 10240ms periodicity can satisfy the following requirements:
· TPeriodicity =10240ms 

· maximum 6~7 hops 

· 3us time synchronization accuracy

· the SNR is above -5dB (10% CDF)

Nmax
The number of supported stratum level Nmax = 8, and network can configure the number of maximum stratum level (Nconfig)., i.e., if Nconfig =6, then the stratum level of the small cell cluster could be selected from the subset {0,1, 2, 3, 4, 5} and indicated by a 3-bit explicit signaling;
Nburst
Nburst is the number of bursts/subframes for LRS transmission within one TPeriodicity, for example, in Figure 1 and 2, Nburst = 2
· Burst 1: SF#1 is a fixed LRS subframe for both TDD and FDD system, since that SF#1 is available for all TDD configurations, and can be configured as MBSFN subframe for FDD;
· Burst 2: SF#1 for all TDD configurations, and SF#6 for FDD considering available MBSFN configuration.
Muting

Muting is applied to {0, 1, …, Nconfig-1} stratum levels and for all bursts. 
· For normal subframe

· Muting is applied to whole downlink subframe.
· For special subframe, 

· since PSS is on special subframe, DwPTS is not muted.
· Option 5 is proposed, i.e., LRS is transmitted in GP.
Offset (SFN and subframes offset)
For distributed mode (Alt1) and centralized mode (Alt2), it is proposed to adopt the radio frame offset (SFN offset ) and the subframe offset (SF offset) parameters as shown in Table 3 and Table 4, respectively, which are implicitly bundled with the stratum level Nconfig. Especially, in the case of centralized mode, the SFN offset for each stratum level is designed to be the multiple of 48 radio frames, which is to guarantee that only one LRS subframe appears within 480ms measurement gap periodicity at each stratum level, and thus minimize the impact on legacy UE’s inter-frequency measurement.
Alt 1: distributed mode
Table 3：Listening RS configuration parameters for distributed mode
	Burst 1 (SF#1)

Stratum level 
SFN offset
SF offset
0

0

1

1

128

1

2

256

1

3

384

1

4

512

1

5

640

1

6

768

1

7

896

1


	Burst 2 (SF#1, TDD)

Stratum level 
SFN offset
SF offset
0

1

1

1

129

1

2

257

1

3

385

1

4

513

1

5

641

1

6

769

1

7

897

1


	Burst 2 (SF#6, FDD)

Stratum level 
SFN offset
SF offset
0

0

6

1

128

6

2

256

6

3

384

6

4

512

6

5

640

6

6

768

6

7

896

6




Alt 2: centralized mode
Table 4：Listening RS configuration parameters for centralized mode
	Burst 1 (SF#1)

Stratum level 
SFN offset
SF offset
0

0

1

1

48

1

2

96

1

3

144

1

4

192

1

5

240

1

6

288

1

7

336

1


	Burst 2 (SF#1, TDD)

Stratum level 
SFN offset
SF offset
0

512

1

1

560

1

2

608

1

3

656

1

4

704

1

5

752

1

6

800

1

7

848

1


	Burst 2 (SF#6, FDD)

Stratum level 
SFN offset
SF offset
0

512

6

1

560

6

2

608

6

3

656

6

4

704

6

5

752

6

6

800

6

7

848

6




4. Conclusion

In this contribution, down-selection of several RIBS solutions for small cell enhancement is addressed, and detailed listening RS design for RIBS is proposed considering network listening overhead, timing accuracy and UE impacts, it’s proposed that:
Proposal 1: For down-selected RIBS solutions, Option 5, i.e., Long GP carrying and listening LRS, can match target requirements and has no impact on legacy UEs for TDD, while Option 1, e.g., DL MBSFN carrying listening RS can achieve more flexible configuration for FDD.

Proposal 2: Specify a LRS burst structure, i.e., the target small cell needs to detect Nburst LRS subframes to achieve the combined gain within a long LRS periodicity Tperiodicity.
Proposal 3: Listening RS(s) configuration including RS pattern, and subframe periodicity, offset, and subframe-level muting for TDD and FDD are specified as follows:
·  LRS pattern: 2-port CRS without first strip, and when LRS is transmitted on TDD special subframes, the LRS is shortened by the length of GP, considering to reserve 2 OFDM symbols (the first and last OFDM symbols in the GP)  for TX/RX switching;
· Periodicity: The network listening periodicity for source cell transmitting LRS and target cell tracking the LRS is TPeriodicity =10240ms;
· Nmax and Nconfig:  The number of supported stratum level Nmax = 8, and network can configure the number of stratum levels (Nconfig).
· Nburst: Specify the number of subframes for LRS transmission within one TPeriodicity, e.g.,, Nburst = 2;
· Muting: Muting is applied to {0, 1, …, Nconfig-1} stratum levels and for all bursts. 
· For normal subframe

· Muting is applied to whole downlink subframe.
· For special subframe, 

· since PSS is on special subframe, DwPTS is not muted.

· Option 5 is proposed, i.e., LRS is transmitted in GP.

Proposal 4: The LRS configurations is proposed as follows.
Alt 1: distributed mode
Table 3：Listening RS configuration parameters for distributed mode
	Burst 1 (SF#1)

Stratum level 
SFN offset
SF offset
0

0

1

1

128

1

2

256

1

3

384

1

4

512

1

5

640

1

6

768

1

7

896

1


	Burst 2 (SF#1, TDD)

Stratum level 
SFN offset
SF offset
0

1

1

1

129

1

2

257

1

3

385

1

4

513

1

5

641

1

6

769

1

7

897

1


	Burst 2 (SF#6, FDD)

Stratum level 
SFN offset
SF offset
0

0

6

1

128

6

2

256

6

3

384

6

4

512

6

5

640

6

6

768

6

7

896

6




Alt 2: centralized mode
Table 4：Listening RS configuration parameters for centralized mode
	Burst 1 (SF#1)

Stratum level 
SFN offset
SF offset
0

0

1

1

48

1

2

96

1

3

144

1

4

192

1

5

240

1

6

288

1

7

336

1


	Burst 2 (SF#1, TDD)

Stratum level 
SFN offset
SF offset
0

512

1

1

560

1

2

608

1

3

656

1

4

704

1

5

752

1

6

800

1

7

848

1


	Burst 2 (SF#6, FDD)

Stratum level 
SFN offset
SF offset
0

512

6

1

560

6

2

608

6

3

656

6

4

704

6

5

752

6

6

800

6

7

848

6
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Specify listening RS(s) including RS pattern, and subframe periodicity, and offset, for both FDD and TDD


Other specification impacts are 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
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