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1
Introduction
In RAN #75 meeting, a New Work Item on UE requirements for network-based Cell-specific Reference Signals (CRS)  mitigation for lean carrier concept was proposed [1]. The main motivation is to remove the interference caused by CRS transmissions in low-to-medium network loads by muting CRS when not needed for idle UEs and connected UEs. Network-based CRS mitigation aims to improve the cell coverage area for higher order modulation such as 256QAM. Another benefit is to save energy in eNBs.  This contribution provides further analysis on potential impact of  CRS muting on legacy UEs and proposes way forward for a backwards-compatible network-based CRS mitigation solution specification. 

2
CRS Muting Support for Legacy Idle UEs
CRS transmitted outside inner 6 PRBs could be muted without any impact for Idle UEs performing  inter-cell measurements for cell reselection in a typical implementation. However, idle UEs need monitor paging instances, update system information, and if needed monitor random access windows CRS following RACH preamble transmission. For these occasions, network needs to ensure that full bandwidth CRS are transmitted for RF and Digital Baseband wake-up operations such as Automatic Gain Control, Adaptive Frequency Correction, Mobility Detection, Noise Estimation, Delay Spread estimation and so on. The number of “warm-up” subframes with full bandwidth CRS before idle UE wakes up from deep sleep to monitor paging messages depend on the Discontinuous Reception (DRX) cycle configuration. A longer deep sleep period will typically increase the internal clock drift in the device.  The resultant larger time and frequency errors need to be corrected by a tracking time and frequency correction algorithm with a longer convergence time. In addition, “cool-down” subframes with full bandwidth CRS before idle UE goes to sleep at the end of DRX ON period are needed for channel estimation. A larger number of wake-up subframes can be expected in enhanced InterCell Interference Coordination (eICIC) case. Warm-up and cool down subframes with full-bandwidth CRS in DRX procedure are illustrated in Figure 1.
To ensure no impact on legacy device at least 4 “warming-up” pre-subframes before DRX ON duration and at least 1 “cool-down” post-subframe after DRX ON duration with full-bandwidth CRS will be needed for modem operations. 
Observation 1: To ensure no impact on legacy device at least 4 “warming-up” pre-subframes before DRX ON duration and at least 1 “cool-down” post-subframe after DRX ON duration with full-bandwidth CRS are needed for modem operations.
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Figure 1. Pre- and Post- subframes with full-bandwidth CRS in DRX procedure 
In case device is notified of change of system information via BCCH modification notification on Paging Channel, full bandwidth operations will be required for the duration of the system information acquisition procedure.  In case the device needs to apply RACH procedure, full bandwidth operations will be required during the Random Access Response window. In worst case where device initiate RACH procedure at the end of DRX_ON period, 6 to 14 post subframes with full-bandwidth CRS may be needed depending on RAR window configuration. To ensure no impact on legacy devices, a solution to ensure full-bandwidth CRS are transmitted during RACH procedure need to be specified.
Observation 2: To ensure no impact on legacy devices, a solution to ensure full-bandwidth CRS are transmitted during system information acquisition procedure and during RACH procedure need to be specified.
3
CRS Muting Support for Legacy Connected UEs
Full bandwidth CRS also need to be transmitted at all times for connected UEs in active mode. CRS muting for these connected UEs may be possibe during (e)DRX sleep periods. DRX Alignment for all connected UEs in the cell  can increase CRS reduction in the network. For similar reasons outlined in the previous section, “warming-up” subframes and “cool-down” subframe with full-bandwidth CRS will be needed for RF and Digital Baseband in the device.
Connected device need to measure the Radio Link Quality (RLQ) during DRX_ON duration in Radio Link Monitoring (RLM) procedure. Device is required to measure RLQ even in DRX-OFF period when experiencing bad channel condition when timer N310 expires. In case network applies CRS reduction, while legacy device typically assumes full-bandwidth CRS for RLQ measurements, a higher incidence of Radio Link Failure (RLF) may be experienced. This scenario is illustrated in Figure 2. A solution to avoid higher RLF of legacy devices when CRS is muted in RLM procedure need to be specified.
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Figure 2. RLM in poor channel conditions.
Observation 3: A solution to avoid higher RLF of legacy devices when CRS is muted in RLM procedure need to be specified.
A connected UE may need to initiate Scheduling Request (SR) procedure during DRX_ON. Full-bandwidth CRS is required for legacy UE to monitor DCI for UL grant following SR on PUCCH. The number of post subframes can be very large depending on SR configuration – i.e. SR periodicity, DSR Transmission Maximum Parameter, SR prohibit timer (reset after each unsuccessful SR transmission). It is expected that a larger number of post subframes with full-bandwidth CRS may be required in medium to high network load in large cells with many connected devices due to longer scheduling delay. To ensure no impact on legacy devices, a solution to ensure full-bandwidth CRS are transmitted during SR procedure need to be specified.

Observation 4: To ensure no impact on legacy devices, a solution to ensure full-bandwidth CRS are transmitted during SR procedure need to be specified.
Based on the analysis outlined above, we believe there is a need to specify solutions to ensure there will be no significant impact on legacy devices when network-based CRS mitigation is used. We make the following proposals. 
Proposal 1: Solutions for network-based CRS mitigation support in legacy devices need to be first identified in a RAN1-led Study Item.
Proposal 2: Solutions identified for Network-based CRS mitigation with no impact on legacy devices can be specified in a RAN1-led working item.
4
Summary
With the above analysis and the consideration, we conclude the following proposal for CRS muting support by legacy devices should be taken into account by TSG RAN when considering Working Item proposals for network-based CRS mitigation.
Proposal 1: Solutions for network-based CRS mitigation support in legacy devices need to be first identified in a RAN1-led Study Item.
Proposal 2: Solutions identified for Network-based CRS mitigation with no impact on legacy devices can be specified in a RAN1-led working item.
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