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Introduction
RAN4 has been discussing the network-based CRS muting, yet many open issues still need to be addressed, including the impact to the legacy UE, the determination of warm-up and cool-down SF for Rel-15 UEs that understands the network indication of CRS muting, and the network signaling details.
In this contribution, we discuss the remaining open issues for network-based CRS muting.
Discussion
Backward compatibility
One of the most important open issues is how to handle the impacts on legacy UEs. RAN4 has been discussing the impact of the network-based CRS muting on the legacy UE, including RRM and demodulation performance of CRS-IM receiver. Different companies have provided an estimate on the minimum number of warm-up and cool-down subframes with full bandwidth CRS transmission that their legacy UEs might have used in the various scenarios, ranging from 6 to 14 subframes. 
However, it should be clear that those legacy UEs were implemented under the assumption of the consistent wideband CRS transmission, and neither designed for nor tested against the unknown sparser CRS availability. Therefore, even if Rel.15 CRS-muting carrier adopts some minimum number of warm-up/cool-down subframe for legacy UE, there would be no way for RAN4 to retrospectively “guarantee” a certain minimum RRM performance of the legacy UEs in a strict sense since such UEs were never tested under the muted CRS, not to mention the demodulation performance degradation of the advanced receiver with CRS-IM capability as shown in [1]. Considering these aspect, our view is that the backward compatibility cannot be strictly guaranteed under the current network-based CRS muting approach, and the Rel.15 carrier (or EARFCN) on which the network-based CRS muting may be enabled should be strictly left non-backward compatible.
Observation 1. Legacy UEs were never designed for, and more importantly, never tested against CRS muting. Retrospectively ensuring a certain number of warm-up/cool-down subframes to those legacy UEs will not be able to strictly guarantee some minimum performance of legacy UEs.
Proposal 1. Release-15 carrier with CRS muting capability should be non-backward compatible.
Network-based CRS muting using MBSFN subframes could be an alternative way to implement the network-based CRS muting without the backward compatibility issue since the CRS is naturally muted in the MBSFN region of the MBSFN subframe. Current design that allows only DMRS-based unicast PDSCH transmission in the MBSFN subframe can be extended to allow CRS-based unicast PDSCH transmission by selectively “unmuting” CRS transmission in the MBSFN region of the MBSFN subframe. The details are discussed in our companion paper [2].
Warm-up/Cool-down Subframe for Rel.15 UE 
A UE generally requires the minimum number of warm-up/cool-down subframes for different scenarios including paging occasions, RA procedure, etc., in order to achieve an acceptable quality of its AGC, frequency-tracking loop, timing tracking-loop, channel estimation, and uplink timing. The minimum number should be chosen sufficient enough to achieve the worst-case performance target at low SNR, and there is no reason to believe that Rel.15 UE can achieve the same worst-case RRM performance as the legacy UE by using a substantially smaller number of warm-up/cool-down subframes. Therefore, our view is that up to 14 subframes of warm-up and 1 subframe of cool-down as discussed in [3] continues to apply for the rel.15 UE aware of the potential network-based CRS muting.
Observation 2. Minimum number of warm-up/cool-down subframe required before DL reception or UL transmission is determined based on the worst-case performance target. The number of warm-up/cool-down subframes has no reason to change between the legacy and the new rel.15 UE.
Proposal 2. Rel.15 UE that is aware of network-based CRS muting requires 14 downlink subframes for warm-up and 1 downlink subframe for cool-down subframes before/after DL reception or UL transmission.
Main difference between rel.15 UE and the legacy UE in the RRM perspective would be that rel.15 UE can understand the network-based CRS muting signaling (indication), and adjust its channel estimation, tracking loops, and AGC control accordingly. In particular, rel.15 UE upon receiving the CRS muting indication would make sure it does not assume the wideband CRS transmission anywhere outside the pre-determined warm-up and cool-down subframe window.
Observation 4. Rel.15 UE upon receiving indication for CRS muting will adjusts its channel estimation, tracking loop, and AGC based on the new assumption that the wideband CRS does not necessarily exist outside the pre-determined warm-up/cool-down subframes.
Signaling 
Rel.15 UE needs CRS muting information for both serving and neighbor cells to be able to adjust its operation accordingly. CRS muting information may include at least the enablement of the CRS muting and the guaranteed CRS transmission bandwidth. For the CRS muting information for serving cell, it is desirable to provide such information in MIB to avoid the unnecessary SI acquisition performance degradation from the overly conservative assumption on the CRS muting. For the neighbor cells, CRS muting information may be added to the existing CRS assistance information.
Proposal 3. CRS muting information at least includes the enablement of CRS muting and the guaranteed CRS transmission bandwidth.
Proposal 4. CRS muting info for serving cell should be provided in MIB.
Proposal 5. CRS muting info for neighbor cells can be provided as a part of CRS assistance info.

Conclusion
In this contribution, we discuss the remaining open issues for network-based CRS muting. The observation and the proposal made in this paper is summarized as follows:
Observation 1. Legacy UEs were never designed for, and more importantly, never tested against CRS muting. Retrospectively ensuring a certain number of warm-up/cool-down subframes to those legacy UEs will not be able to strictly guarantee some minimum performance.
Proposal 1. Release-15 carrier with CRS muting capability should be non-backward compatible.
Observation 2. Minimum number of warm-up/cool-down subframe required before DL reception or UL transmission is determined based on the worst-case performance target. The number of warm-up/cool-down subframes has no reason to change between the legacy and the new rel.15 UE.
Proposal 2. Rel.15 UE that is aware of network-based CRS muting requires 14 downlink subframes for warm-up and 1 downlink subframe for cool-down subframes before/after DL reception or UL transmission.
Observation 4. Rel.15 UE upon receiving indication for CRS muting will adjusts its channel estimation, tracking loop, and AGC based on the new assumption that the wideband CRS does not necessarily exist outside the pre-determined warm-up/cool-down subframes.
Proposal 3. CRS muting information at least includes the enablement of CRS muting and the guaranteed CRS transmission bandwidth.
Proposal 4. CRS muting info for serving cell should be provided in MIB.
Proposal 5. CRS muting info for neighbor cells can be provided as a part of CRS assistance info.
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