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1 Introduction
In RAN4#84, the following was agreed [1] for UEs in RRC_CONNECTED when network-based CRS interference mitigation is performed:
· Non-DRX : full BW CRS in serving cell is provided
· All UE RRM requirements in 36.133 apply
· FeMTC: FFS whether full BW CRS is necessary when UE is not monitoring MPDCCH and not receiving data
· DRX is configured: full BW CRS in serving cell during
· UE Active Time and also [TBD subframes] for warm up & cool down
· RA (at least partly)
· on-going retransmissions in UL and DL, in semi-persistently scheduled DL resources, in the resources with HARQ feedback
· SCell activation period and when the SCell is activated except for the SCell deactivation period
· RSTD: existing requirements apply, under full BW CRS in positioning subframes
· Other conditions are not precluded if identified necessary
Note: Under the above conditions, all existing UE RRM requirements and procedures in 36.133 apply

· WB-RSRQ measurement:
· 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)
· Companies are welcome to provide in RAN4#85 further analysis for legacy UEs, e.g., for
· RLM (e.g., when UE gets out-of-sync and monitors as if in non-DRX)
· need for CRS during SR procedure
· Impact on UL transmit timing requirement
· Deactivated SCells
Also, related to the current WI, there have been some agreements for CRS muting for eFeMTC [4]:
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 further discuss remaining scenarios for network-based CRS interference mitigation.
2 Discussion

2.1 RLM

RLM is performed based on CRS, at least once every radio frame (when not configured with DRX) or periodically with DRX cycle periodicity (when configured with DRX), over the full cell bandwidth which is also the control channel bandwidth (PDCCH and PCFICH). The UE shall monitor the DL link quality of the PCell and PSCell and indicate to the higher layers out-of-sync or in-sync when the link quality becomes worse than the threshold Qout or better than the threshold Qin, respectively. After a certain number (e.g., N310) of out-of-sync indications the UE starts RLF procedure and declares radio link failure (RLF) after the expiry of the RLF timer (e.g. T310). Upon start of T310 timer or T313 timer, the UE shall monitor the link of PCell or PSCell for recovery using the evaluation period and Layer 1 indication interval corresponding to the non-DRX mode until the expiry or stop of T310 timer or T313 timer.
Generally, for UEs in non-DRX mode, it’s the network responsibility to ensure full bandwidth CRS. However, in case of RLM, the network is not aware when exactly the UE starts the RLF procedure with monitoring the radio link quality for recovery based on non-DRX mode.
A straightforward work-around to address the above situation is that the network knows the quality of the link in the serving cell and thus is able to predict when the UE approaches RLF, which makes it possible to ensure full bandwidth CRS in the cell when the radio link quality is poor (e.g., based on RS-SINR or RSRQ measurements) for at least one UE in the serving cell.
· Proposal 1: The UE shall assume full-bandwidth CRS while the RLF timer (T310) is running.
2.2 MPDCCH monitoring

When in non-DRX, CRS bandwidth may be reduced to follow the configurable MPDCCH monitoring (when G>1 and the UE is not scheduled to receive data) and during configured UL subframes of HD-FDD UEs.

· Proposal 2: Full-bandwidth CRS shall be assumed when UE is monitoring MPDCCH or receiving data.
2.3 Warm up and cool down periods in RRC_CONNECTED
In Table 1 below, we summarize the potential requirements on warm-up and cool-down periods for legacy UEs in RRC_CONNECTED. In the cases which are neither agreed in [1] nor listed in Table 1, CRS over 6 RBs may be assumed.
Table 1. Full bandwidth CRS configuration requirements
	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.


· Observation: Conditions in Table 1 are applicable when at least one UE in RRC_CONNECTED is present, in addition to the conditions for UEs in RRC_IDLE (see [3]).

· Proposal 3: RAN4 to further discuss and finalize Table 1.

3 Discussion on RRM requirements impact

Table 1 captures the conditions that are to be met to allow the legacy UE operate in networks with CRS interference mitigation while maintaining its performance and RRM procedures.

· Proposal 4: The existing RRM requirements shall apply, provided the conditions are clarified in Rel-15 36.133.

4 Summary

The following have been observed and proposed in this contribution:

· Proposal 1: The UE shall assume full-bandwidth CRS while the RLF timer (T310) is running.
· Proposal 2: Full-bandwidth CRS shall be assumed when UE is monitoring MPDCCH or receiving data.
· Proposal 3: RAN4 to further discuss and finalize Table 1.

· Observation: Conditions in Table 1 are applicable when at least one UE in RRC_CONNECTED is present, in addition to the conditions for UEs in RRC_IDLE (see [3]).

· Proposal 4: The existing RRM requirements shall apply, provided the conditions are clarified in Rel-15 36.133.
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