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

· Support muting to improve the hearability for the scenario of small cells listening to small cells.

· FFS on the standard impacts

· Support not turning off listening RS in the source cell when small cell ON/OFF is used in the network.

· FFS on the standard impacts

In this contribution, we will present our design views regarding the above stated design issues. In a separate contribution R1-141535, we also present our design consideration regarding the indication of synchronization accuracy, which provides benefit for the RIBS source cell selection RIBS.
2. Muting Pattern Design of RIB Synchronization:  
In TR36.922 [2], the RIB synchronization via MBSFN subframe (SF)-based approach was described, where the RIBS cells are configured with MBSFN SF for different purposes. For the listening RIBS cell, it uses the declared MBSFN SF for CRS tracking and at the same time utilizes it to minimize the impact to its serving UEs. The other neighboring RIBS cells, by configuring the MBSFN SF, are muted for the listening RIBS cell with reduced interference in the MBSFN region. So basically, it means that neither multicast PMCH nor unicast PDSCH (for Release-10 beyond UEs) is suppose to be transmitted in the muted MBSFN region. Assuming the overlapping of control region and ideal CRS-shifting applied among RIBS cells, as shown in Figure-1, in this case there will be generally 3 out-of 4 column of CRS (in the MBSFN region) which could be (accurately) used by listening RIBS cell for tracking without strong interference impact from neighboring RIBS cells.
On the other hand, if we consider to have the PMCH/PDSCH data transmitted in the muted MBSFN region of neighboring cells, the PMCH/PDSCH data RE or MBSFN RS RE (for PMCH transmission as shown in Figure-1) will collide with the listening RS RE, which will jeopardize the SINR performance of network listening RS. To avoid the PMCH/PDSCH data RE collision with listening CRS RE, some sort of PMCH/PDSCH data RE puncturing could be applied around the tracking CRS REs. Such data RE puncturing scheme will impact the performance of Release-10/11 UE in the muted MBSFN SF, and possible enhancement could be targeted on Release-12 UE, i.e. by knowing the puncturing pattern. However, such puncturing enhancement will require quite large standardization effort and the standardization impacts will be quite large as well by considering the limited time frame for RIBS allocated in RAN1#76b and RAN1#77. Besides, with such data RE puncturing scheme, the collision issue between MBSFN RS RE and listening CRS RE is still unsolved. To re-solve this issue, one way is to restrict the PMCH transmission only in the muted MBSFN region. But by considering the long CRS tracking periodicity for RIBS as shown in [3][4] and potential performance impact to the legacy UE side, we expected that such PDSCH transmission gain is very limited compared with the legacy full PDSCH blanking transmission in the muted MBSFN region. Therefore, we propose that the MBSFN SF based muting pattern design in [1] should be considered with no PMCH or PDSCH transmission in the muted MBSFN SF.
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Figure-1: Listening CRS REs and Collision


Proposal-1: The MBSFN SF-based muting pattern design in TR36.922 should be considered with no PMCH or PDSCH transmission in the muted MBSFN SF.
3. Listening RS Design for RIB Synchronization:
Based on the discussion in RAN1#76, it is still unclear or not decided which legacy RS will be used as the listening RS for RIB synchronization. Besides the legacy CRS utilized as the listening RS, the other potential candidate could be either CSI-RS or Position-RS (PRS). In this section, the performance of network synchronization based on CSI-RS and PRS are evaluated and compared with the legacy CRS as reference. The simulations are conducted with low mobility EPA channel model and no averaging is used across multiple measurement instances. 
Compared with the legacy CRS, the CSI-RS naturally has better inter-cell muting property, but the low RE density will jeopardize its performance at low SNR. In Figure-2 and Figure-3, the frequency and time tracking performance of CSI-RS are shown compared with legacy CRS at SNR=8dB, 0dB and -8dB, which corresponding to the case of high, medium and low SNR. 
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Figure-2: CSI-RS Frequency Tracking
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Figure-3: CSI-RS Time Tracking


As it can be seen, at high SNR=8dB, the CSI-RS has similar frequency tracking performance as legacy CRS. But at low SNR=-8dB or even SNR=0dB, the frequency tracking performance of CSI-RS is largely degraded compared with legacy CRS. For the time tracking performance, the impact of CSI-RS due to low RE density is not obvious, where it shows similar performance as legacy CRS in Figure-3.

Considering the PRS-based network synchronization, generally it has 6-shift applicable for inter-cell muting, which is the same number of shift as the legacy CRS with one antenna port. And the higher RE density of PRS than legacy CRS is expected to have better performance at low SNR. As shown in Figure-4 and Figure-5, similar simulation studies were conducted as presented in [5] in terms of time tracking performance. As it can be seen, at 0.5µs timing error with 95% confidence, the legacy CRS based synchronization can operate at around -14dB, and PRS-based synchronization can operate about -18dB which corresponding to have a gain about 4dB over legacy CRS. 
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Figure-4: CRS Time Tracking
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Figure-5: PRS Time Tracking (one subframe)


For the PRS-based approach, the other issue also needs to be carefully considered besides its performance, where as specified in TS36.211, the PRS shall not be transmitted in the special subframe. With such a limitation, the TDD guard-period (GP)-based synchronization scheme is not easily supported, and only MBSFN SF-based scheme can be utilized in PRS-based approach.
As agreed in the RAN1#76, the source cell will not turning-off the listening RS when small cell ON/OFF are used. If completely different legacy RS designs are decided to be utilized by the RIBS listening signal and the discovery signal, then the eNB has to manage two separate signals in the eNB-OFF state. On the other hand, if the listening signal design would aim to have similarities with discovery signal design and utilize the same legacy RS, possibly with different configuration, then the RIBS design could be simplified.
Observation-1: The listening RS with CSI-RS provide similar frequency tracking performance as legacy CRS only at high SNR, and will be largely degraded at medium to low SNR. 
Observation-2: The listening RS with PRS provide similar time tracking performance as legacy CRS at medium to high SNR, and there are about 4dB gain for PRS over legacy CRS at low SNR. 
Observation-3: As specified in TS36.211, the PRS cannot be transmitted in the special subframe. With such a limitation, the TDD guard-period (GP)-based synchronization scheme cannot be easily supported. 
Proposal-2: To support the TDD guard-period (GP)-based synchronization scheme, the listening RS configuration should include at least CRS.  
Proposal-3: Consider having at least partially similar design based on legacy RS for RIBS listening signal as for small cell discovery signal.
5. Summary
Based on the discussion in above, we have the following observations and proposals:

Proposal-1: The MBSFN SF-based muting pattern design in TR36.922 should be considered with no PMCH or PDSCH transmission in the muted MBSFN SF.

Observation-1: The listening RS with CSI-RS provide similar frequency tracking performance as legacy CRS only at high SNR, and will be largely degraded at medium to low SNR. 
Observation-2: The listening RS with PRS provide similar time tracking performance as legacy CRS at medium to high SNR, and there are about 4dB gain for PRS over legacy CRS at low SNR. 
Observation-3: As specified in TS36.211, the PRS cannot be transmitted in the special subframe. With such a limitation, the TDD guard-period (GP)-based synchronization scheme cannot be easily supported. 

Proposal-2: To support the TDD guard-period (GP)-based synchronization scheme, the listening RS configuration should include at least CRS.  
Proposal-3: Consider having at least partially similar design based on legacy RS for RIBS listening signal as for small cell discovery signal.
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