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Introduction
In the last RAN4 meeting, it was agreed that the carrier where CRS muting is enabled should be strictly non-backward compatible. Also agreed was the necessary signaling support for network-based CRS-IM [1].
In this paper, we discuss the remaining open issues regarding the RRM requirement of the network-based CRS IM.
Discussion
Warm-up subframe in FDD non-MBSFN
UE requires a certain number of warm-up/cool-down subframes in order to achieve an acceptable quality of the tracking loops and channel estimation before the beginning of DL reception and/or UL transmission occassions including paging occasions, RA procedure, the active time of DRX, etc. When the UE is at the low SNR condition, the tracking loops experience a larger jitter due to the noisy reference signals and hence requires more number of valid DL subframes to ensure the convergence before the beginning of the DL reception or UL transmission. 
Observation 1. At a low SNR, UE requires a larger number of warm-up subframes to ensure the acceptable performance of its tracking loops and channel estimation under the noisy reference signals.
Since the network has no way to know the exact SNR condition of the UE, especially for the UE in the idle mode, the number of warm-up subframe should be determined to be able to ensure an acceptable tracking loop and channel estimation performance under the worst-case channel condition. 
Proposal 1. The number of warm-up subframes required in the CRS-muting enabled carrier should be determined based on the UE performance in the worst-case condition.
Rel.15+ UE that supports CRS muting will understand the CRS-muting related network signaling and will not assume any CRS presence outside the center 6 PRBs unless guaranteed otherwise as the warm-up subframe in the RRM requirement. However, as discussed in [2], such CRS-muting related behavior does not change the number of valid DL subframes that is required to achieve an acceptable tracking loop performance, which is fundamentally dictated by the channel condition. 
Observation 2. The minimum number of warm-up subframes required for the tracking loops and channel estimation is determined by the channel condition, irrespective of whether UE supports CRS muting or not. 
In the RRC_CONNECTED state, some UE configured with a shorter DRX cycle may be able to maintain the acceptable tracking loop and channel estimation performance with a less number of the warm-up subframes since such UE may consistently observe the valid downlink subframes with full bandwidth CRS transmission every short interval. 
Considering the aforementioned aspects, we propose the following warm-up/cool-down subframe in the CRS-muting enabled carrier, depending on the RRC state and DRX configuration of the UE. 
Proposal 2. For a UE in the RRC_IDLE or in the RRC_CONNECTED state with the DRX cycle greater than or equal to 32ms, 14 warm-up subframes should be guaranteed in the CRS-muting enabled carrier before DL monitoring/reception or UL transmission.
Proposal 3. For a UE in the RRC_CONNECTED state with the DRX cycle less than 32ms, X ≥ 1 warm-up subframe(s) should be guaranteed in the CRS-muting enabled carrier before DL monitoring/reception or UL transmission.
Proposal 4. At least 1 cool-down subframe should be guaranteed at the end of DL monitoring/reception.
Non-backward compatiblity
In the last meeting, RAN4 informed RAN1 and RAN2 on the needs for the non-backward compatibility of the CRS-muting carrier [1]. Depending on the outcome of the RAN2 (and RAN1) discussion, a proper mechanism will be introduced to ensure the UEs not supporting CRS muting (either legacy UE or Rel.15+ UE that does not support CRS muting) are not served by the CRS-muting enabled carrier. 
If the RAN2-based approach is pursued, it is likely that some SIB will be modified to support the access barring to the UEs not supporting CRS muting. However, this means the legacy UEs needs to reliably decode the SIB from the CRS-muting enabled cell to be able to acquire the relevant access barring information, which cannot be strictly guaranteed. In our view, this issue can be resolved in a cleaner way by some PHY layer approach, e.g., modifying PSS/SSS/PBCH design, since those signals are transmitted over the center 6 PRBs and the reception of those signal by the legacy UE should not be affected by the CRS muting.
Observation 3. RAN2-based solution for non-backward compatibility, such as access barring based on SIB, may work only when the legacy UE is able to reliably decode SIB from the cell where CRS is muted.
Proposal 5. Send LS to RAN1 to take actions to investigate the PHY layer solution to address the non-backward compatibility of CRS-muting enabled carrier.
Handling for TDD/MBSFN
RAN4 discussion for the warm-up/cool-down subframe so far implicitly assumed an FDD carrier without MBSFN subframes. In the TDD system and/or when there exist non-trivial MBSFN configuration, there exists fewer number of unicast downlink subframes available for warming up the tracking loops and channel estimation. The direct consequence of such sparse downlink subframes is that guaranteeing the same number of unicast downlink subframe as FDD may leave almost no downlink subframes available for CRS muting. For instance, if we consider TDD with ULDL configuration of 0, ensuring X number of the unicast warm-up subframe for tracking loops and channel estimation requires the full band CRS transmission in the duration of (5*X) ms before the active time, which effectively eliminates the CRS muting opportunity. Considering this, our view is that it is not feasible to enable CRS muting if the carrier is in TDD or if the cells in the carrier are configured with MBSFN subframes.
Proposal 6. CRS muting can be enabled only in the FDD carrier with no MBSFN subframe allocation.
Conclusion
In this contribution, we discussed the remaining open issues regarding the RRM requirement of the network-based CRS IM. Observations and proposals made in this paper is summarized as follows:
Observation 1. At a low SNR, UE requires a larger number of warm-up subframes to ensure the acceptable performance of its tracking loops and channel estimation under the noisy reference signals.
Proposal 1. The number of warm-up subframes required in the CRS-muting enabled carrier should be determined based on the UE performance in the worst-case condition.
Observation 2. The minimum number of warm-up subframes required for the tracking loops and channel estimation is determined by the channel condition, irrespective of whether UE supports CRS muting or not. 
Proposal 2. For a UE in the RRC_IDLE or in the RRC_CONNECTED state with the DRX cycle greater than or equal to 32ms, 14 warm-up subframes should be guaranteed in the CRS-muting enabled carrier before DL monitoring/reception or UL transmission.
[bookmark: _GoBack]Proposal 3. For a UE in the RRC_CONNECTED state with the DRX cycle less than 32ms, X ≥ 1 warm-up subframe(s) should be guaranteed in the CRS-muting enabled carrier before DL monitoring/reception or UL transmission.
Proposal 4. At least 1 cool down subframe should be guaranteed at the end of DL monitoring/reception for the UE in the RRC_IDLE or RRC_CONNECTED state.
Observation 3. RAN2-based solution for non-backward compatibility, such as access barring based on SIB, may work only when the legacy UE is able to reliably decode SIB from the cell where CRS is muted.
Proposal 5. Send LS to RAN1 to take actions to investigate the PHY layer solution to address the non-backward compatibility of CRS-muting enabled carrier.
Proposal 6. CRS muting can be enabled only in the FDD carrier with no MBSFN subframe allocation.
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