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1
Introduction  
Network-based CRS mitigation WI was approved in RAN Plenary #76 [1]. In [2], RAN4 has the following observations
1. 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
2. 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
In this document, we discuss singling design requirements based on the WF.
2
Discussion
Regarding to the WF [1], we suggest RAN4 to do the following:

· Capture the first item in TS36.300 document.

· Focus on R15 signalling design to mitigate UE performance degradation.

Proposal 1: Capture 1st item of WF [1] in TS36.300.

Proposal 2: RAN4 focus on R15 signalling design to mitigate UE performance degradation.

2.1
Serving cell employing CRS muting

As discussed in earlier RAN4 meetings, some UEs use very long warm-up/cool-down subframe for performance purposes. If RAN4 will try to tighten up the subframe numbers, we think signalling is needed. And, since the warmup-up/cool-down subframe operation applies to both RRC_Idle (e.g., paging) and RRC_Connected (e.g., DRX), we think SIB-based message broadcasting is a preferred design. Knowing this information, Rel-15 UE can refrain from using long warm-up/cool-down subframes.
Proposal 3: eNB capability supporting CRS muting is broadcasted by SIB.

2.2
Neighbouring cell employing CRS muting
In [3], 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 

The UE performance impact due to the uncertainty of neighbouring cell CRS muting occurs when UE is in the RRC_Connected state. That is, UE with CRS-IC may perform poorly without knowing the actual CRS presence in the neighbouring cell. Therefore, we think dedicated signalling is needed. On the other hand, for UE in the RRC_Idle mode, it does not perform CRS-IC function so signalling is not needed.

Observation 1: Dedicated RRC signalling for UE in RRC_Connected state is useful when performing CRS-IC.

To our understanding, eNB decides to mute CRS (except for central 6 PRBs) when there is no DL data to schedule. In live network, system loading varies among cells; i.e., among neighboring cells, some cells mute CRS transmission but some do not. Therefore, we expect that CRS-muting indication is per cell-based.  

Observation 2: Per cell-based indication of CRS-muting is used.

In LTE, scheduling preforms per-TTI. But, processing time for a RRC message takes 15ms. If eNB decides to mute/unmute CRS based on scheduling, it is likely that UE cannot be aware of real-time CRS presence. There exists transition period that UE is unaware of real-time CRS presence if assistant signalling is designed for Rel-15 UEs.

Observation 3: There exists transition period that UE is unaware of real-time CRS presence if assistant signalling is designed for Rel-15 UEs

To solve the problem, possible options are:
· Option-1: UE performs blind detection on CRS presence with assistant signalling

· Option-2: UE performs CRS-IC by following assistant signalling 

 Theoretically, Option-1 could perform better than Option-2 during the transition period. We assume that eNB does not mute/un-mute CRS frequently. It is not worthwhile to develop a new UE behaviour for the short transition period. Therefore, we suggest to adopt Option-2 is the baseline for Rel-15 UE supporting network-based CRS interference mitigation.

Proposal 4: Conclude that dedidcated RRC signaling to provide per cell-based CRS information is introduced in Rel-15.

Proposal 5: Baseline UE behavior is that CRS-IC is not performed toward cells indicating CRS-muting by signaling.

3
Conclusion  

Based on the above discussions, we have the following observations:
Proposal 1: Capture 1st item of WF [1] in TS36.300.

Proposal 2: RAN4 focus on R15 signalling design to mitigate UE performance degradation.

Proposal 3: eNB capability supporting CRS muting is broadcasted by SIB.

Observation 1: Dedicated RRC signalling for UE in RRC_Connected state is useful when performing CRS-IC.

Observation 2: Per cell-based indication of CRS-muting is used.

Observation 3: There exists transition period that UE is unaware of real-time CRS presence if assistant signalling is designed for Rel-15 UEs

Proposal 4: Conclude that dedidcated RRC signaling to provide per cell-based CRS information is introduced in Rel-15.

Proposal 5: Baseline UE behavior is that CRS-IC is not performed toward cells indicating CRS-muting by signaling.
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