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Discussion and Decision
1. Introduction
According to the outcome of RAN1#76bis 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 this contribution, we will present our design views regarding the above stated FFS issues. In a separate contribution R1-142444, we also present our design consideration regarding the indication of synchronization accuracy, which provides benefit for the RIBS source cell selection.
2. RIBS Listening RS Design
Based on the discussion in RAN1#76bis, the PRS and/or CRS has been agreed to be used as the RIBS listening RS. Considering the down-selection of RIBS listening RS between PRS and CRS, a summarized comparison table is shown in Table-1. 
As it can be seen from Table-1, with CRS, both FDD/TDD MBSFN SF and TDD GP-based scheme described in TR36.922 [1] can be applied without a need for any RAN1 impact to specify new listening RS pattern. In addition, as also agreed in RAN1#76bis, CRS is a possible candidate for small cell ON/OFF discovery RS. Thus, there is a possibility to have the joint design between RIBS listening RS and ON/OFF discovery RS. Furthermore, LTE already supports CRS-IC feature that can be largely reused here for RIBS. And from RAN4 perspective, CRS had been widely used and tested in early LTE releases. For instance, as presented in TR36.922 [1], the maximum required synchronization periodicity has already been analyzed by RAN4 based on CRS under the legacy HeNB scenario. So if needed, it could be rather an easy and a straightforward extension work in RAN4 for Rel-12 small cell application.
On the other hand, as also shown in Table-1 and [2], PRS has better hearability at low SNR when compared with CRS. There is also limitation of 3-shift for CRS when two antenna ports are configured. However, CRS hearability can be well improved when the RIBS muting scheme is applied. As discussed in Section-3, by applying the RIBS muting scheme, both PDSCH-to-listening CRS and CRS-to-listening CRS interference can be mitigated to improve the listening CRS hearability. And through the adaptive SF configuration for listening RS by OAM as shown in Figure-1, the limited number of CRS shift with two antenna port configuration also becomes a minor issue.
Table-1: Comparison of CRS and PRS as RIBS listening RS
	
	CRS
	PRS

	Applicable to MBSFN SF and GP-based scheme
	Applicable for both 
	Applicable to MBSFN SF scheme only, since PRS cannot be used in the TDD special SF, which limit the utilization of GP-based scheme

	Joint design with ON/OFF discovery reference signal (DRS)
	Possible join design with DRS
	PRS has not been agreed to be used as DRS, therefore joint design is not possible

	IC receiver capability
	CRS-IC can be reused
	Not possible

	Potential impact to RAN4 
	UE synchronization procedure and requirements could be reused
	Requires more effort

	Performance of hearability
	Limited hearability only at low SNR compared with PRS
	Better hearability at low SNR compared with CRS

	Number of shift
	6-shift (one antenna port)/3-shift(two antenna port)
	6-shift


So based on the discussion in above, and by considering the standard and implementation complexity, we see that the utilization of legacy CRS as RIBS listening RS has more benefits. Therefore, we prefer that only CRS is used as the RIBS listening RS.

Proposal-1: Only the legacy CRS are used as RIBS listening RS.

3. Listening RS pattern/periodicity/offset and Muting Pattern Design of RIBS  
In general, at the stage of a small cell eNB powering-up, the RIBS listening RS information, such as the listening RS pattern, periodicity and offset, can simply be configured by OAM. 
One example based on the MBSFN SF scheme [1] is shown in Figure-1, where MBSFN SF is configured on RIBS cell as listening SF; the RIBS cell receives the listening RS in the MBSFN region. The OAM could configure the listening RS offset according to the stratum-level. In the example Solution-1 shown in Figure-1, the listening RS for each stratum could be statically configured in a certain radio-frame (RF) and subframe (SF), e.g. stratum-1 cells receive the listening RS in (SFN#0, SF#2), stratum-2 cells receive the listening RS in (SFN#1, SF#2), stratum-3 cells receive in (SFN#2, SF#2) and etc.. To better cope with the CRS-to-listening CRS interference in the dense small cell scenario, an alternative example Solution-2 is also shown in Figure-1, where the listening RS for each stratum could be fixed in a certain RF but adaptively configured in a certain predefined SFs. As already described in TR36.922 [1], the periodicity of listening RS could be configured based on different frequency error values, e.g. with frequency error of 0.2~0.5 ppm, the maximum synchronization period is about 7.5~3 second. Practically, there are generally multiple SFNs configured for the same stratum in order to support short enough listening periodicity, and the SFN periodicity needs to be (at least roughly) multiple of listening RS periodicity, i.e. the maximum synchronization period of 7.5s is supported with 5s of listening RS periodicity. Besides, the periodicity of listening RS could also be defined with respect to the MBSFN maximum period of 320ms. With this approach, the MBSFN SF is configured in every 320ms in the length of 10.24s system frame (so there will be 32 MBSFN SF in total). And if only one of the MBSFN SFs is used for RIBS listening, the other 31 configured MBSFN SFs are simply overheads. The introduced overhead will mainly impact the legacy UEs. For Rel-10 beyond UEs, impact will be much minimized since the PDSCH could still be scheduled in the other 31 configured MBSFN SFs.
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Figure-1: Examples of listening RS pattern configuration by OAM


Observation-1: The RIBS listening RS information, such as listening RS pattern, periodicity and offset, can be configured by OAM.
Observation-2: Follow the MBSFN SF based and TDD GP-based schemes described in TR36.922, and there is no need to specify the new listening RS pattern, subframe periodicity and offset. 

After the RIBS source cell selection, RIBS cell has determined its stratum level, and combines it with listening RS information of each stratum level obtained via the OAM configuration. Correspondingly, the RIBS muting pattern could be implicitly derived by the RIBS cells. 
One (implicit) RIBS muting pattern solution described in TR36.922 [1] is that the cells in a stratum level mute its PDSCH transmission to avoid interfering other cells’ listening RSs reception. Take the Solution-1 in Figure-1 as an example, for small cell SC-2 in stratum-1, even it don’t need to monitor the listening RS from stratum-0 in some occasions, it could mute the PDSCH transmission in the subframe (SFN#0, SF#2) to avoid impact on cells in same stratum level receiving listening RS. Also it could mute in the subframe (SFN#2, SF#2) which listening RS will be transmitted by the cells in stratrum-2 for cells in stratum-3 monitoring.

Observation-3: The RIBS muting pattern can be implicitly derived from the listening RS information configured by OAM. 

One drawback of implicit RIBS muting pattern solution is that, if there is no listening cell in the next stratum level, the muted SF at lower stratum level is simply a waste of resources. In order to avoid such unnecessary muting, the RAN3 signaling request mechanism could be utilized as shown in Figure-2. 
As it can be seen in Figure-2, the whole RIBS procedure can be divided into source cell selection procedure and RIBS muting procedure. Generally, the RIBS cell starts with the source cell selection procedure, where it is identical to the legacy Rel-9 RIBS procedure with only adding the new information of synchronization error indication to assist better source cell selection and eliminate the SNR threshold setting difficulties in reality as described in our separate contribution R1-142444. After the source cell selection, the RIBS cell may further proceed with the RIBS muting procedure. As shown in Figure-2, the SC1 decides its own stratum level after the source cell selection, and depends on the interference sources observed by SC1, it may decide to send the muting request and its own stratum level information to either SC2 or SC3 or both via S1 interface. And by receiving the muting request and corresponding stratum level information, the SC2/SC3 could implicitly derive the muting SF based on the OAM configuration to listening RS information and apply the muting afterwards by configuring the MBSFN SF.
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Figure-2: RIBS Muting Pattern Procedure and RAN3 Signaling 


Proposal-2: Send LS to RAN3 to specify a RIBS muting procedure and corresponding RAN3 signaling that it requires. 
Besides, the MBSFN SF based SF-level muting is fully backward compatible, where the UE side basically has the knowledge of the network configuration of DL MBSFN SF and could apply the UE side measurement accordingly. Therefore, there is no UE impact for the MBSFN SF based SF-level muting. 
Observation-4: There is no UE impact for the MBSFN SF based SF-level muting.
3. RIBS regarding Inter-Operator scenario:
Based on the outcome in RAN1#76b, RIBS between the cells of different operators operating in the same TDD band is beneficial in some scenario and should not be precluded. But whether the standard impact is needed is still open to FFS.
Currently in the LTE network, it is already possible to have some sort of higher layer signaling coordination/cooperation between operators. For Inter-OP RIBS, once there is an agreement signed between the operators, the same higher layer signaling coordination mechanism between operators can simply be reused. For example, the signaling coordination of Intra-OP RIBS as shown in Figure-2 is conducted via the MME entity. And for Inter-OP RIBS, the RIBS OAM configuration and other corresponding information in one operator (e.g. Operator-A) could be signaled to the agreement-signed operator (e.g. Operator-B) via the interface between the operators’ MME entity, e.g. through the signaling path of: source eNB of Operator-A(MME of Operator-A(MME of Operator-B(listening eNB of Operator-B, and by knowing the RIBS configuration information, the listening eNB of Operator-B could simply start the RIBS listening afterwards from the source eNB of Operator-A. And also by considering the limited time frame left for RAN1 RIBS in Rel-12, we prefer the support of inter-OP RIBS scenario via higher layer signaling coordination with no RAN1 impact.
Proposal-3: Support of inter-OP RIBS scenario via higher layer signaling coordination with no RAN1 impact
4. Summary
Based on the discussion in above, we have the following observations and proposals:

Proposal-1: Only the legacy CRS are used as RIBS listening RS.

Observation-1: The RIBS listening RS information, such as listening RS pattern, periodicity and offset, can be configured by OAM.

Observation-2: Follow the MBSFN SF based and TDD GP-based schemes described in TR36.922, and there is no need to specify the new listening RS pattern, subframe periodicity and offset. 

Observation-3: The RIBS muting pattern can be implicitly derived from the listening RS information configured by OAM. 

Proposal-2: Send LS to RAN3 to specify a RIBS muting procedure and corresponding RAN3 signaling that it requires. 
Observation-4: There is no UE impact for the MBSFN SF based SF-level muting.
Proposal-3: Support of inter-OP RIBS scenario via higher layer signaling coordination with no RAN1 impact
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