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1 Introduction
In RAN2#101bis and #102 meetings, following agreements were made for CRS muting:
	· Introduce CRS muting enabling indication for the serving cell in SIB1-BR.

· Serving cell indicates the number of PRBs, i.e. 6 or 24 PRBs, for CRS transmission in the central cell BW in broadcast signalling if CRS muting is enabled. The CRS muting enabling indication is implicit with the indication of number of PRBs for CRS transmission.

· RAN2 assumes that RAN4 will study the impact of CRS muting on neighbour cell measurement.
· Introduce a cell-barred indication in SIB1-BR for Rel-15 eMTC UEs with the intention that Rel-15 UEs shall check both legacy barring indication and CRS muting indication to determine whether they are allowed to access the cell.

· Adopt a solution similar to the one concluded in the main room for Rel-15 UEs.


Currently, we have captured the first two and the fourth bullets in the ASN.1 review CR below:

	SystemInformationBlockType1-v15x0-IEs ::=
SEQUENCE {


hsdn-Cell-r15






ENUMERATED{true}


OPTIONAL,

pos-schedulingInfoList-r15



Pos-SchedulingInfoList-r15

OPTIONAL,

nw-BasedCRS-InterferenceMitigation-r15
ENUMERATED {enabled}


OPTIONAL,
-- Need OR


cellBarred-CRS-r15





ENUMERATED {barred, notBarred}
OPTIONAL,
-- Need OR


plmn-IdentityList-r15




PLMN-IdentityList-r15 


OPTIONAL,
-- Need OR

cellSelectionInfoCE-v15x0 



CellSelectionInfoCE-v15x0

OPTIONAL,
-- Need OP


cellBarred-CRS-CE-r15




ENUMERATED {barred, notBarred},

crs-MutingNumPRBs-r15




ENUMERATED {n6, n24}


OPTIONAL,
-- Need OR

cellAccessRelatedInfoFor-5GC-r15


SEQUENCE {



cellBarred-5GC-r15





ENUMERATED {barred, notBarred},



cellAccessRelatedInfoList-5GC-r15


SEQUENCE (SIZE (1..maxPLMN-r11)) OF 












CellAccessRelatedInfo-5GC-r15

}



OPTIONAL,
-- NEED OP


ims-EmergencySupport5GC-r15


ENUMERATED {true}


OPTIONAL,
-- Need OR


eCallOverIMS-Support5GC-r15


ENUMERATED {true}


OPTIONAL,
-- Need OR

nonCriticalExtension




SEQUENCE {}




OPTIONAL

}

cellBarred

barred means the cell is barred, as defined in TS 36.304 [4]. This field is ignored by the UE if the UE supports network-based CRS interference mitigation and nw-BasedCRS-InterferenceMitigation is included in SystemInformationBlockType1.
cellBarred-CRS 
barred means the cell is barred for UEs capable of network-based CRS interference mitigation while nw-BasedCRS-InterferenceMitigation is included in SystemInformationBlockType1, as defined in TS 36.304 [4]. This field is ignored by the UE if the UE does not support network-based CRS interference mitigation.
crs-MutingNumPRBs

Indicates number of PRBs, i.e. 6 or 24 PRBs, for CRS transmission in the central cell BW when CRS muting is enabled for BL UEs or UEs in CE supporting ce-CRS-Muting. Presence of this field indicates CRS muting is enabled in the cell, as specified in TS 36.133 [16]. If this field is configured and the cell is not barred for this UE (as specified in TS 36.304 [4]), the behaviour is undefined for UEs not supporting this feature.



For the third bullet, RAN2 received an LS [1] from RAN4, which is related to the impact of CRS muting on neighbour cell measurement but RAN2 has not treated the LS. In this contribution, we will discuss the LS and the details of the fifth bullet. 
2 Discussion
In RAN4 LS [1] below, RAN4 finds a need that the serving eNB indicates whether or not the UE shall perform intra-frequency neighbor cell RRM measurements in the center 6 PRBs. Additionally, RAN4 understanding is that this indication is not sent if CRS muting is not enabled in any of the neighbor cells in the intra-frequency. 
	RAN4 has discussed intra-frequency neighbour cell measurements for Rel-15 MTC UEs capable of supporting CRS muting. It has been identified that when CRS muting is enabled in the measured neighbour cell, the UE shall perform the RRM measurements in the center 6 PRBs of that carrier. Therefore RAN4 finds a need to have following indication:

· The serving eNodeB indicating whether or not the UE shall perform intra-frequency neighbour cell RRM measurements in the center 6 PRBs. 

· RAN4 understanding is that this indication is not sent if CRS muting is not enabled in any of the neighbour cells in the intra-frequency.

RAN4 also discussed the impact of CRS muting to legacy MTC UEs not capable of supporting CRS muting, and reached the following agreement:

· A solution to address the legacy MTC UEs or Rel-15 MTC UE not capable of supporting CRS muting trying to access to, camp on or reselect to Rel-15 MTC cell where CRS is muted, including, but not limited to, the barring mechanism for legacy MTC UEs being considered in the Rel-15 work item on network-based CRS interference mitigation, needs to be considered.



Actually, the bandwidth of CRS in case of CRS muting operation can be either 6 PRBs or 24 PRBs, including the following four cases:
Case1: The UE is Cat M1 UE supporting 6 PRBs and neighbor cell enables CRS muting with 6 PRBs bandwidth for CRS transmission, then the UE shall perform the RRM measurements in the center 6 PRBs.

Case2: The UE is Cat M1 UE supporting 6 PRBs and neighbor cell enables CRS muting with 24 PRBs bandwidth for CRS transmission, then the UE shall perform the RRM measurements in the center 6 PRBs.

Case3: The UE is Cat M2 UE supporting 24 PRBs and neighbor cell enables CRS muting with 6 PRBs bandwidth for CRS transmission, then the UE shall perform the RRM measurements in the center 6 PRBs.

Case4: The UE is Cat M2 UE supporting 24 PRBs and neighbor cell enables CRS muting with 24 PRBs bandwidth for CRS transmission, then the UE may perform the RRM measurements in the center 24 PRBs.

Taking above four cases and RAN4 LS into account, it is reasonable for the serving eNB to indicate the bandwidth value for CRS transmission in the neighbor cells, which is helpful for UE to perform the measurements on the corresponding bandwidth. Therefore, we propose serving cell indicates the number of PRBs, i.e. 6 or 24 PRBs, for CRS transmission in the central BW in broadcast signalling for the neighbour cells if CRS muting is enabled in the neighbour cells and the CRS muting enabling indication is implicit with the indication of number of PRBs for CRS transmission.

Proposal1: Serving cell indicates the number of PRBs, i.e. 6 or 24 PRBs, for CRS transmission in the central BW in broadcast signaling for the neighbor cells if CRS muting is enabled in the neighbor cells and the CRS muting enabling indication is implicit with the indication of number of PRBs for CRS transmission.
In RAN4 LS, only intra-frequency neighbor cell measurements was discussed. We think there is no need to differentiate intra-frequency and inter-frequency cases since MTC feature may be deployed on different frequencies. Therefore, we propose the indication in Proposal1 is introduced into SystemInformationBlockType4 and SystemInformationBlockType5.

Proposal2: The indication in Proposal1 is introduced into SystemInformationBlockType4 and SystemInformationBlockType5.

The corresponding changes are provided in the contribution [2].
Another issue in RAN4 LS is the impact of CRS muting to legacy MTC UEs or Rel-15 MTC UEs not capable of supporting CRS muting. RAN2 agreed in RAN2#102 that adopt a solution similar to the one concluded in the main room for Rel-15 UEs. In the WI of network based CRS interference mitigation, following LS [3] was sent to RAN2 from RAN4:
	During its work within the WI on UE requirements for network-based CRS interference mitigation, RAN4 has found out that it is beneficial for the Rel-15 UEs supporting network-based CRS interference mitigation to be informed about whether CRS muting is used or not in the serving and neighbour cells.

In RAN4 #86bis, RAN4 has agreed on the following:

· The CRS muting can only be enabled in cells on some dedicated carriers. Legacy UEs (Rel-14 or earlier UEs) or UE not capable of supporting network-based CRS interference mitigation shall not be served by and shall not be accessing cell(s) on the dedicated carrier where network-based CRS interference mitigation is used

· 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



It said that the CRS muting can only be enabled in cells on some dedicated carriers. Legacy UEs (Rel-14 or earlier UEs) or UE not capable of supporting network-based CRS interference mitigation shall not be served by and shall not be accessing cell(s) on the dedicated carrier where network-based CRS interference mitigation is used. Similarly, the network should try to prevent the legacy MTC UEs or Rel-15 MTC UEs not capable of supporting CRS muting shall not be served by and shall not be accessing cell(s) on the dedicated carrier where CRS muting is used. Additionally, in the email discussion “[102#13][LTE/NW_CRS_IM] CRs to 36.331 and 36.304”, the access control for special access class 11/15 was discussed and a new IE cellReservedForOperatorUse-CRS was introduced to address AC 11/15 UEs barring per PLMN as shown below [4]. We think the same scheme should also apply for CRS muting feature in efeMTC. The dedicated indication is also needed for mobility case.
	–
SystemInformationBlockType1
SystemInformationBlockType1-v15xy-IEs ::=
SEQUENCE {


nw-BasedCRS-InterferenceMitigation-r15
ENUMERATED {enabled}


OPTIONAL,
-- Need OR

cellBarred-CRS-r15





ENUMERATED {barred, notBarred}
OPTIONAL,
-- Need OR

plmn-IdentityList-r15




PLMN-IdentityList-r15 


OPTIONAL,
-- Need OR


nonCriticalExtension




SEQUENCE {}




OPTIONAL

}

PLMN-IdentityList-r15 ::=



SEQUENCE (SIZE (1..maxPLMN-r11)) OF PLMN-IdentityInfo-r15
PLMN-IdentityInfo-r15 ::=



SEQUENCE {


plmn-Identity-r15





PLMN-Identity,


cellReservedForOperatorUse-CRS-r15

ENUMERATED {reserved, notReserved}

}

cellReservedForOperatorUse

As defined in TS 36.304 [4]. This field is ignored by the UE if the UE supports network-based CRS interference mitigation and nw-BasedCRS-InterferenceMitigation is included in SystemInformationBlockType1.
cellReservedForOperatorUse-CRS
As defined in TS 36.304 [4]. This field is ignored by the UE if the UE does not support network-based CRS interference mitigation.
plmn-IdentityList

List of PLMN identities. The first listed PLMN-Identity is the primary PLMN. If plmn-IdentityList-r15 is included it includes the same number of entries as plmn-IdentityList (without suffix). NOTE 2.
–
RadioResourceConfigDedicated

[[
nw-BasedCRS-InterferenceMitigation-r15
ENUMERATED {enabled}
OPTIONAL,
-- Need ON



neighCellsCRS-Info-r15




NeighCellsCRS-Info-r15
OPTIONAL
-- Need ON

]]
NeighCellsCRS-Info-r15 ::=

CHOICE {


release






NULL,


setup






CRS-AssistanceInfoList-r15

}

CRS-AssistanceInfoList-r15 ::=
SEQUENCE (SIZE (1..maxCellReport)) OF CRS-AssistanceInfo-r15

CRS-AssistanceInfo-r15 ::= SEQUENCE {


physCellId-r15







PhysCellId,


nw-BasedCRS-InterferenceMitigation-r15

ENUMERATED {enabled}



OPTIONAL
}
nw-BasedCRS-InterferenceMitigation
This field indicates whether network-based CRS interference mitigation is enabled for the cell, as specified in TS 36.133 [16].
.


Proposal3: To address the issue of CRS muting impact on legacy MTC UEs or Rel-15 MTC UEs not capable of supporting CRS muting, the similar scheme as in network-based CRS interference mitigation applies for CRS muting for efeMTC by introducing new IEs for efeMTC.
The corresponding changes are provided in the contribution [2]
Additionally, we also provide corresponding CR for TS 36.304 in [5].
3 Conclusion
In this document we discussed CRS muting and made following proposals:
Proposal1: Serving cell indicates the number of PRBs, i.e. 6 or 24 PRBs, for CRS transmission in the central BW in broadcast signaling for the neighbor cells if CRS muting is enabled in the neighbor cells and the CRS muting enabling indication is implicit with the indication of number of PRBs for CRS transmission.

Proposal2: The indication in Proposal1 is introduced into SystemInformationBlockType4 and SystemInformationBlockType5.

Proposal3: To address the issue of CRS muting impact on legacy MTC UEs or Rel-15 MTC UEs not capable of supporting CRS muting, the similar scheme as in network-based CRS interference mitigation applies for CRS muting for efeMTC by introducing new IEs for efeMTC.
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