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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 indicate their capability by nw-BasedCRS-InterferenceMitigation (TS 36.306) and will further receive 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
In RAN4#87, there was agreed a CR to TS 36.133 introducing network-based CRS interference mitigation [4]. Based on this CR, the warm-up and cool-down periods are TBD in the current specification and are therefore addressed in this contribution.

The proposals for 1 warm-up subframe may also be justified by additional results in [5] where the same number of warm-up subframes is proposed even for higher-order modulation.

2 Warm-up and cool-down periods for the agreed scenarios
In Table 1 below, we summarize proposals for warm-up and cool-down periods which are still TBD in TS 36.133 for UEs in RRC_IDLE or RRC_CONNECTED. 
Note: in Table 1, the earlier agreements are highlighted in green.
· Proposal 1: Update the remaining warm-up and cool-down periods in TS 36.133 according to Table 1.
Table 1. Full bandwidth CRS configuration requirements for UE capable of network-based CRS interference mitigation
	UE operation 
	Warm-up period
	Full BW during:
	Cool-down period

	DRX
	1
	DRX Active time
	1

	Paging
	1
	All configured paging occasions [1]
	0

	SIB1
	1
	SIB1 transmissions
	1

	SI reading
	1
	SI-windows
	1

	RA
	1
	from the start of RAR window until MSG2 and MSG4 are received and DRX is configured
	0

	RA due to HO
	1
	from the start of RAR window until the handover/RRC connection reconfiguration is complete
	0

	SR over PRACH
	1
	from the start of RAR window until MSG2 is received
	0

	MPDCCH subframes
	1
	MPDCCH subframes
	0

	HARQ feedback on PHICH
	1
	Subframes with HARQ feedback on PHICH
	0

	RSTD measurements
	0
	PRS subframes
	0

	SRS/PRACH/PUCCH/SPUCCH/PUSCH transmission
	1
	N/A
	N/A


3 Further discussion on network-based CRS interference mitigation
It is currently FFS in TS 36.133 whether full-bandwidth CRS is needed for CSI-RS and PMCH receptions.
3.1 MBSFN subframes
For MBSFN subframes, it has also been previously proposed that 6 PRB CRS can be assumed, except the MBSFN subframes configured as positioning subframes with PRS or belonging to the UE DRX Active Time.
The Physical Multicast Channel (PMCH) is defining the physical layer structure for MBMS and transmitted in the MBSFN region of MBSFN subframes, always together with MBSFN RS. PMCH (and MBSFN RS) are only defined for extended CP. The UE is receiving PMCH when it is interested in MBMS service or performing MDT measurements (MBSFN RSRP, MBSFN RSRQ, or MCH BLER). In an MBSFN subframe, CRS shall only be transmitted in the non-zero size non-MBSFN region of the MBSFN subframe and only when 
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, together with PDCCH in the same subframe which the UE is monitoring during its DRX Active time. Hence, there is no need to list PMCH among the full-bandwidth CRS scenarios for network-based CRS interference mitigation, in addition to what has been already proposed for MBSFN subframe earlier.
· Proposal 2: Clarify in TS 36.133 that 6 PRB CRS can be assumed in MBSFN subframes, except those configured as positioning subframes with PRS or belonging to the UE DRX Active Time.
3.2 CSI-RS

Generally, CSI-RS is received by UE in RRC_CONNECTED state when the UE is in the DRX Active state. Therefore, given that the current specification is already covering the full-bandwidth CRS scenario for the DRX Active state, there is no need to additionally include the CSI-RS subframes scenario.
· Proposal 3: There is no additional specification impact for CSI-RS subframes in TS 36.133.

4 Summary

· Proposal 1: Update the remaining warm-up and cool-down periods in TS 36.133 according to Table 1.
· Proposal 2: Clarify in TS 36.133 that 6 PRB CRS can be assumed in MBSFN subframes, except those configured as positioning subframes with PRS or belonging to the UE DRX Active Time.
· Proposal 3: There is no additional specification impact for CSI-RS subframes in TS 36.133.
Based on the above, a draft CR is provided in [6].
5 References
[1] R4-1806016, WF on network-based CRS interference mitigation, Ericsson, Nokia, Nokia Shanghai Bell, April 2018.
[2] R4-1806018, LS on network-based CRS interference mitigation, Ericsson, April 2018.
[3] R4-1711868, Ad hoc minutes for eFeMTC, Oct. 2017.
[4] R4-1808528, Introduction of network-based CRS interference mitigation, Ericsson, May 2018.
[5] R4-1806159, Discussion on the performance impact of warm up and cool down subframes in network-based CRS mitigation, Ericsson, May 2018.
[6] R4-18011012, Updated RRM requirements for network-based CRS interference mitigation, Ericsson, Aug. 2018.
PAGE  
5

_1551077031.unknown

