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1
Introduction  
 Network-based CRS mitigation WI was approved in RAN Plenary #76 [1]. As part of the work evaluations on demodulation and RRM impacts to legacy devices were required. This contribution summarizes the current findings in RAN4 and suggests some way forward.
2
Discussion
In [2], RAN4 has the following observations: 
· For legacy UEs with CRS-IM, RAN4 has the following observations:
· Legacy UEs with CRS-IM receivers are unaware on neighbouring cell CRS muting and perform CRS-IM receive processing under assumption that neighbouring cell CRS signals are present
· CRS-IC with muted BW CRS in aggressor cell has performance impact compared with CRS-IC with full BW CRS in aggressor cell
· The impact is implementation-dependent and scenario dependent.
· Some companies observed 1~2 dB degradation at least for some scenarios
· Some companies observed negligible performance degradation 
In [3], RAN4 has the following observations
· For Rel-14 and earlier UEs, non-negligible impact is expected for some legacy UEs if network-based CRS interference mitigation is used since some legacy UE implementations rely on long warm-up time which was not precluded by the standard since Rel-8
· RAN4 sees it beneficial for Rel-15 UE to be aware of whether network-based CRS interference mitigation is used by serving and neighbor cells in the area
Observation 1: RAN4 has observed CRS muting has performance impacts to some 3GPP-compliant legacy devices. Depending on the scenario, up to 2dB performance degradation is observed.
In addition, in RAN4#84bis, some companies submitted requirements regarding warm-up subframes and cool-down sub-frames for legacy devices:
· Warm-up sub-frame: 4~14 subframes

· Cool-down sub-frame: 1~6 subframes
UE designs with long warm-up/cool-down subrames are consistent with and compliant to always-on full-bandwidth CRS as the baseline assumption starting from Rel-8. However, those subframes can largely restrict the applicable subframe for CRS-muting, which questions the efficiency and usefulness of this feature for legacy devices.
Observation 2: For some 3GPP-compliant legacy devices, the required warmup subframes are 4~14 subframes and the cool-down subframes are 1~6 subframes, which largely restrict the applicable sub-frame for CRS-muting hence the efficicency and usefulness thereof.
Another issue discussed in RAN4 is Radio Link Monitoring (RLM). Figure 1 illustrates possible UE behaviour with CRS muting. When the UE and the network are in-sync, the UE performs RLM measurements on DRX-ON period where the network configures full bandwidth CRS. However, when the UE and the networks are out-of-sync, the UE starts performing RLM measurement regardless of the DRX configuration. Since the eNB is unaware of the out-of-sync situation, it will continue stopping transmitting full-bandwidth CRS after DRX-ON period. As a result, the UE RLM measurements contain a mix of full band CRS and 6-PRB CRS measurement samples which increases the likelihood of Radio Link Failure. 
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Figure 1. Radio Link Monitoring on lean carrier 

Observation 3: The network is unaware of the possible out-of-sync situation in the UE, which increases the likelihood of Radio Link Failure due to unreliable radio link measurements.
3
Proposals

Based on Observations 1, 2 and 3 above, the following proposals are made.

Proposal 1: A note shall be specified (TS36.300 proposed) indicating CRS muting can degrade the performance of some legacy UEs.

Proposal 2: An operator has a number of choices regarding handling of legacy devices:

a)
To activate CRS muting while accepting performance degradation for some legacy UEs, in idle mode and in connected mode – this has no specification impact.
b)
To activate CRS muting while accepting performance degradation for some legacy UEs in idle mode, allow handover/redirection of UEs in connected mode – this has no specification impact.

c)
To activate CRS muting but bar the corresponding cells from legacy UEs to avoid any performance degradation with legacy UEs. This requires duplication of barring mechanisms from Rel-15 onwards – this has specification impact for new UEs.
d)
Not to activate CRS muting – obviously, this has no specification impact.
Proposal 3: Introduce signalling in Rel-15 to indicate CRS muting support in the serving cell and in neighbouring cells. This can be considered jointly with proposal 2.
4
Conclusions
Observation 1: RAN4 has observed CRS muting has performance impacts to some 3GPP-compliant legacy devices. Depending on the scenario, up to 2dB performance degradation is observed.

Observation 2: For some 3GPP-compliant legacy devices, the required warmup subframes are 4~14 subframes and the cool-down subframes are 1~6 subframes, which largely restrict the applicable sub-frame for CRS-muting hence the efficicency and usefulness thereof.
Observation 3: The network is unaware of the possible out-of-sync situation in the UE, which increases the likelihood of Radio Link Failure due to unreliable radio link measurements.
Proposal 1: A note shall be specified (TS36.300 proposed) indicating CRS muting can degrade the performance of some legacy UEs.

Proposal 2: An operator has a number of choices regarding handling of legacy devices:

a)
To activate CRS muting while accepting performance degradation for some legacy UEs, in idle mode and in connected mode – this has no specification impact.
b)
To activate CRS muting while accepting performance degradation for some legacy UEs in idle mode. Allow handover/redirection of UEs in connected mode – this has no specification impact.

c)
To activate CRS muting but bar the corresponding cells from legacy UEs to avoid any performance degradation with legacy UEs. This requires duplication of barring mechanisms from Rel-15 onwards – this has specification impact for new UEs.
d)
Not to activate CRS muting – obviously, this has no specification impact.
Proposal 3: Introduce signalling in Rel-15 to indicate CRS muting support in the serving cell and in neighbouring cells. This can be considered jointly with proposal 2.
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