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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 RAN4#86, there were some discussions on signaling design for Rel-15 UE [4-6] though no conclusion was drawn. In this document, we further discuss singling design requirements based on the WF and Tdocs.
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 Indication of CRS muting applied in serving cell and neighboring cell
Warmup-up/cool-down subframe operations apply to both RRC_Idle (e.g., paging) and RRC_Connected (e.g., DRX). For UE in RRC_Idle state, SIB is the only feasible method to deliver CRS muting information. In [3], it is observed that 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. Performance degradation occurs accordingly. Therefore, we think dedicated signalling is needed for UEs in RRC_Connected State.
Proposal 3: Broadcast and dedicated signalings are needed to indicate CRS muting information.

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.  

Proposal 4: For the dedidcated RRC signaling, CRS inforamtion is provided on per-cell basis. information is introduced in Rel-15.

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 even if assistant signalling is provided. Since the transition period is short, we suggest that UE performs CRS-IC by following assistant signalling 
Proposal 5: For R15 UE supporting CRS-muting operation, the baseline behavior is that CRS-IC is not performed toward cells indicating CRS-muting by signaling.

2.2 Indication of preferred warmup/cooldown subframes
The selection of warmup/cooldown subframe is highly relevant to UE implementation. Different UE implementation has different algorithms on the selections of warmup/cooldown subframes. In one implementation to achieve a better demodulation performance, UE may adjust the warmup/cooldown subframe numbers according to channel condition or configured DRX patterns. In [4], it is proposed that a UE may indicate its preferred choice of a warm-up/cool-down configuration, e.g., during the random access procedure.  

Observation 1: The selection of warmup/cooldown subframe is highly relevant to UE implementation.
We think it is an unnecessary optimization. For a network supporting CRS muting, the selection of warmup/cooldown subframe numbers is determined by the UE requiring the longest subframes. So, the network actually has less flexibility to select the warmup/cooldown subframe numbers. If the selected warmup/cooldown subframe numbers are shorter than expected, more complicated signalling design is needed. That is, UE should be informed that the network selects another configuration, which defeats the purpose of UE preference indication somehow. Furthermore, in the network, some UEs are in RRC_Idle states and some are in RRC_Connected state. The network is unlikely to configure specifically warmup/cooldown subframe numbers based on scenarios.  
Therefore, we think that only one set of warmup/cooldown subframe setting is enough for all the scenarios.
Observation 2: NW has less flexibility to select warmup/cooldown subframe numbers when serving multiple UEs implemented by different vendors.
Proposal 6: Conclude only one set of warmup/cooldown subframe setting is applied for all the scenarios.

3
Conclusion  

Based on the above discussions, we have the following observations and proposals:
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: Broadcast and dedicated signalings are needed to indicate CRS muting information.

Proposal 4: For the dedidcated RRC signaling, CRS inforamtion is provided on per-cell basis. information is introduced in Rel-15.

Proposal 5: For R15 UE supporting CRS-muting operation, the baseline behavior is that CRS-IC is not performed toward cells indicating CRS-muting by signaling.

Observation 1: The selection of warmup/cooldown subframe is highly relevant to UE implementation.

Observation 2: NW has less flexibility to select warmup/cooldown subframe numbers when serving multiple UEs implemented by different vendors.

Proposal 6: Conclude only one set of warmup/cooldown subframe setting is applied for all the scenarios.
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