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1 Introduction
In RAN4#86bis, the following was agreed [1,2]:

· RAN4 will specify applicable requirements for Rel-15 UEs capable of supporting network-based CRS interference mitigation and define the corresponding warm-up/cool-down subframes in TS 36.133 for RRC_IDLE and RRC_CONNECTED on dedicated carriers where CRS muting is used
These UEs will support the signaling according to the RAN4 agreements below [1,2]: 

· The signalling support for network-based CRS interference mitigation includes:
· Information from the network to make the UE aware of whether network-based CRS interference mitigation is enabled or not:
· The following SI information is needed at least for UE in RRC_IDLE:
· Network-based CRS interference mitigation is enabled or disabled in the serving cell
· NOTE: This information should be provided to the UE as early as possible
· In RRC_CONNECTED, the dedicated RRC signaling (e.g., neighCellsCRS-Info and neighCellsCRS-InfoSCell in TS 36.331) is enhanced to include an indication whether the network-based CRS interference mitigation is enabled or not in the serving cell(s), including PSCell and SCells, and one or more neighbor cells
· In RRC_CONNECTED, the UE should be configured with CRS muting information for the target cell e.g. in handover command
Also, related to the current WI, there have been some agreements for CRS muting for eFeMTC [3]:

Cat M1/cat M2 in CE Mode A: 

· Warmup period before active time of DRX (e.g. DRX ON, MIB, paging, SIBx etc): 

· 1 DL subframe 

· Cool down period before active time of DRX: 

· 0 DL subframe 

In this contribution, we propose basic principles for defining RRM requirements for UEs capable of network-based CRS interference mitigation, based on which a draft CR is provided in [4].
2 Discussion

As a general approach to defining requirements with the network-based CRS interference mitigation, it is proposed to reuse the existing RRM requirements and clarify the applicability conditions in terms of the active and inactive times as well as warm-up and cool-down periods.
· Proposal 1: Reuse the existing RRM requirements, while clarifying the applicability conditions in TS 36.133.
As can be seen in [5], there are many scenarios that need to be covered to address the network-based CRS interference mitigation in TS 36.133. Therefore, it is preferred to have a general formulation and the definition of the active/inactive time periods and warm up/cool down periods; and then, if additionally needed, clarify the parameters in some individual sections.
· Proposal 2: Create a new section (3.6.1.1) in 3.6 of TS 36.133.
· Proposal 3: Define in Section 3.6.1.1 the terminology and symbols active/inactive time periods and warm up/cool down subframes.

For example, the following text can be considered to be included in the applicability section of 36.133 (Section 3.6): “If network-based CRS interference mitigation is enabled in a cell, then the CRS is transmitted over full bandwidth of the cell during active time periods (T1) and over at least 6 central resource blocks of the cell during the inactive time periods (T2). In addition, CRS is transmitted over full bandwidth of the cell during at least N1 number of subframes immediately before and N2 number of subframes immediately after the T1 time period, which are excluded for the inactive time periods T2. The values of the parameters T1, T2, N1 and N2 are specified for relevant requirements in their corresponding sections. The inactive time periods T2 shall not contain any subframe where the UE requires CRS over the full cell bandwidth for any purpose to meet the requirements in this specification.”
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Figure 1. Illustration of active/inactive periods and warm-up/cool down subframes.

In addition, to the definition of T1, T2, N1, and N2, the following is also proposed to be included in Section 3.6.1.1:

1) UE assumption when the UE is or is no configured with WB-RSRQ, e.g., In [6], there has been an agreement on the allowed measurement bandwidth and WB-RSRQ:
· If the UE is configured with widebandRSRQ-Meas to measure WB-RSRQ then the UE shall assume that CRS are available in the measured cell over the AllowedMeasBandwidth (e.g., 50 RBs or larger),
· Otherwise CRS may be transmitted over 6 RBs in neighbor cells (AllowedMeasBandwidth is 6 RBs)
2) Applicability conditions in the different scenarios under which the existing requirements in TS 36.133 shall be met.
The applicability conditions need to cover at least the following [5]:
	UE operation 
	Warm-up period
	Full BW during:
	Cool-down period

	Paging
	1
	All configured paging occasions [1]
	0

	SIB1
	1
	SIB1 transmissions
	0

	SI reading
	1
	SI-windows
	0

	RA
	1
	For Msg2: from the start of RAR window until Msg2 is received and DRX is configured

For Msg4: see DRX Active Time
	0

	
	1
	prior to PRACH transmission (see corresponding warm up period)
	N/A

	eDRX
	No additional warm-up subframes outside of PTW
	Inside PTW: Some subframes (according to the above), otherwise 6 RBs CRS outside PTWs [1]
	No additional warm-up subframes outside of PTW

	NOTE: 6 PRB CRS is needed in MBSFN subframes, except those configured as positioning subframes with PRS or belonging to the UE DRX Active Time.


	UE operation
	Warm-up
	Full BW during:
	Cool-down

	Non-DRX operation or DRX cycle length<X
	N/A
	All subframes
	N/A

	DRX/eDRX cycle length≥X
	1
	UE Active Time
	0

	RSTD measurements
	0
	PRS subframes
	0

	RLM
	N/A
	When signal quality for UE is low, e.g., RS-SINR<TBD or RSRQ<TBD
	N/A

	MPDCCH monitoring in non-DRX
	1
	MPDCCH subframes, if no scheduled data
	0

	HD-FDD
	N/A
	UL transmission gaps [1]
	N/A

	NB-IoT
	N/A
	NRS subframes [2]
	N/A

	Scheduling
	1
	in semi-persistently scheduled DL resources; in the resources with HARQ feedback;

on-going (re)transmissions in UL/DL are covered by DRX Active Time
	0

	SCell activation/deactivation of configured SCells
	N/A
	SCell activation period and when the SCell is activated except for the SCell deactivation period (from receiving deactivation command until it is deactivated)
	N/A

	SR-over-PRACH
	1
	For Msg2: From the start of RAR window until Msg2 is received

For Msg4: see DRX Active Time
	0

	
	1
	prior to PRACH transmission (see corresponding warm up period)
	N/A

	SR-over-PUCCH
	N/A
	3 ms after the subframe in which the UE sent  SR on PUCCH and until UL grant has been transmitted
	N/A

	RA due to HO
	1
	From the start of RAR window until HO complete (RRC connection reconfiguration complete)
	0

	NOTE: 6 PRB CRS in MBSFN subframes, except those configured as positioning subframes with PRS or belonging to the UE DRX Active Time.


· Proposal 4: In Section 3.6.1.1 of TS 36.133, clarify UE assumptions for the UE configured and not configured with WB-RSRQ.

· Proposal 5: In Section 3.6.1.1 of TS 36.133, list the scenarios with the corresponding applicability conditions and specify the exact numbers of warm-up subframes (N1) and cool-down subframes (N2).

3 Summary

The following have been observed and proposed in this contribution.
· Proposal 1: Reuse the existing RRM requirements, while clarifying the applicability conditions in TS 36.133.
· Proposal 2: Create a new section (3.6.1.1) in 3.6 of TS 36.133.

· Proposal 3: Define in Section 3.6.1.1 the terminology and symbols active/inactive time periods and warm up/cool down subframes.

· Proposal 4: In Section 3.6.1.1 of TS 36.133, clarify UE assumptions for the UE configured and not configured with WB-RSRQ.

· Proposal 5: In Section 3.6.1.1 of TS 36.133, list the scenarios with the corresponding applicability conditions and specify the exact numbers of warm-up subframes (N1) and cool-down subframes (N2).

Based on the above proposals, a draft CR is provided in [4].
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