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1 Issue for NRS-CRS power offset configuration
In the current specification, the nrs-CRS-PowerOffset parameter is only included in SIB1 with “Cond inband-SamePCI” as follows [1]:

	SystemInformationBlockType1-NB ::=
SEQUENCE {


...

nrs-CRS-PowerOffset-r13



ENUMERATED {dB-6,      dB-4dot77, dB-3,
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dB9}

OPTIONAL,
-- Cond inband-SamePCI


...
}

SystemInformationBlockType1-NB field descriptions
nrs-CRS-PowerOffset

NRS power offset between NRS and E-UTRA CRS, see TS 36.213 [23, 16.2.2]. Unit in dB. Default value of 0.
Conditional presence

Explanation
inband-SamePCI

The field is mandatory present, if IE operationModeInfo in MIB-NB is set to inband-SamePCI. Otherwise the field is not present.




The above parameter definition means that the nrs-CRS-PowerOffset can be provided only when the operation mode of the anchor carrier is inband-SamePCI.

Taken into account that nrs-Power is configured in SIB1 for the anchor carrier and nrs-PowerOffsetNonAnchor are configured for the non-anchor carriers [1], different carriers in the NB-IoT cell may have different NRS power. Furthermore, the CRS power in one E-UTRA cell has the same value and nrs-CRS-PowerOffset in one NB-IoT cell has the same value, the nrs-CRS-PowerOffset would not be understood as the power offset between carrier-specific NRS and E-UTRA CRS. Considering that the nrs-CRS-PowerOffset parameter is configured in SIB1, it should be the power offset between anchor carrier NRS and E-UTRA CRS.
When a UE is camping on a non-anchor carrier which is also inband-SamePCI mode, it would determine the NRS power of camping carrier based on the nrs-Power and nrs-PowerOffsetNonAnchor, and further determine the E-UTRA CRS based on nrs-Power and nrs-CRS-PowerOffset. Then the UE could jointly demodulate NRS and E-UTRA CRS signal for higher demodulation accuracy.
Observation 1: The current nrs-CRS-PowerOffset parameter can be provided only when the operation mode of the anchor carrier is inband-SamePCI,  and it indicates the power offset between anchor carrier NRS and E-UTRA CRS.
In the current spec, the valid anchor and non-anchor carrier combinations are supported as the following table [2].  

	Table 1: Anchor and non-anchor carrier deployment combinations

Anchor Carrier

In-band

Guard-band

Standalone

Non-Anchor Carrier

In-band

Valid (Note 1)
Valid (Note 1)
Invalid

Guard-band

Valid (Note 1)

Valid (Note 1)

Invalid

Standalone

Invalid

Invalid

Valid (Note 2)

NOTE 1:
Both carriers associated with the same LTE cell.

NOTE 2:
Total frequency span to not exceed 20MHz and both anchor and non-anchor carriers synchronised.


The above combinations list shows that the cell with anchor carrier in guardband mode plus non-anchor carrier in inband-SamePCI mode is valid. However, considering the parameter definition, we can see if the operation mode of the anchor carrier is guardband, the nrs-CRS-PowerOffset parameter cannot be provided no matter whether in the same cell there have other carriers in inband-SamePCI mode.  
In the configuration case of anchor carrier in guardband mode plus non-anchor carrier in inband-SamePCI mode,   it’s possible for the UE camping on non-anchor carrier to jointly demodulate NRS and E-UTRA CRS but the UE cannot get the related parameter so it can only assume the ratio of NRS EPRE to CRS EPRE is 0dB[3], which may be different from the real ratio. Then the performance of joint DL demodulation and/or measurements would be bad. 

This problem may be solved by implementation configuration, e.g. to restrict that the NRS of carrier in inband-SamePCI mode and CRS always have the same power value when the anchor carrier is guardband mode to satisfy the physical layer assumption that the ratio of NRS EPRE to CRS EPRE is 0dB. But we think it will limit the NW configuration flexibility and cause that power boosting cannot be used, which impacts the NW deployment and is not acceptable.
In the following, we will give our proposal for this issue.

2 Proposal for RAN2 specification
To solve this problem, one simple way is to add a new nrs-CRS-PowerOffset parameter for the configuration case of anchor carrier in guardband mode plus non-anchor carrier in inband-SamePCI mode to indicate the ratio of anchor carrier NRS EPRE to CRS EPRE. Such condition as “this field is mandatory present if the anchor carrier is guardband and at least one non-anchor carrier is inband-SamePCI, Otherwise the field is not present" will be used. The legacy nrs-CRS-PowerOffset parameter is used as usual if the anchor carrier is inband-SamePCI, and the new added nrs-CRS-PowerOffset parameter is only used when the anchor carrier is in guardband mode and there has at least one non-anchor carrier is in inband-SamePCI mode in the cell. The related CRs can be seen in [5][5].
Proposal 1: Add a new nrs-CRS-PowerOffset parameter for configuration case of anchor carrier in guardband mode plus non-anchor carrier in inband-SamePCI mode to indicate the ratio of anchor carrier NRS EPRE to CRS EPRE.
3 Impacts for RAN1 specification

In the descriptions of 3GPP TS 36.213, there is also limitation that the nrs-CRS-PowerOffset field is valid only when the anchor carrier is inband-SamePCI mode as follows [3]:

	16.2.2
Downlink power allocation

The eNodeB determines the downlink transmit energy per resource element.

For an NB-IoT cell, the UE may assume NRS EPRE is constant across the downlink NB-IoT system bandwidth and constant across all subframes that contain NRS, until different NRS power information is received. 

The downlink NRS EPRE can be derived from the downlink narrowband reference-signal transmit power given by nrs-Power + nrs-PowerOffsetNonAnchor, where the parameter nrs-Power is provided by higher layers and nrs-powerOffsetNonAnchor is zero if it is not provided by higher layers. The downlink narrowband reference-signal transmit power is defined as the linear average over the power contributions (in [W]) of all resource elements that carry narrowband reference signals within the operating NB-IoT system bandwidth.
A UE may assume the ratio of NPDSCH EPRE to NRS EPRE among NPDSCH REs (not applicable to NPDSCH REs with zero EPRE) is 0 dB for an NB-IoT cell with one NRS antenna port and -3 dB for an NB-IoT cell with two NRS antenna ports.

A UE may assume the ratio of NPBCH EPRE to NRS EPRE among NPBCH REs (not applicable to NPBCH REs with zero EPRE) is 0 dB for an NB-IoT cell with one NRS antenna port and -3 dB for an NB-IoT cell with two NRS antenna ports.

A UE may assume the ratio of NPDCCH EPRE to NRS EPRE among NPDCCH REs (not applicable to NPDCCH REs with zero EPRE) is 0 dB for an NB-IoT cell with one NRS antenna port and -3 dB for an NB-IoT cell with two NRS antenna ports.

If higher layer parameter operationModeInfo indicates ‘00’ for a cell, the ratio of NRS EPRE to CRS EPRE is given by the parameter nrs-CRS-PowerOffset if the parameter nrs-CRS-PowerOffset is provided by higher layers, and the ratio of NRS EPRE to CRS EPRE may be assumed to be 0 dB if the parameter nrs-CRS-PowerOffset is not provided by higher layers. If nrs-CRS-PowerOffset is provided by higher layers and is a non-integer value, the value of nrs-Power is 0.23 dBm higher than indicated.


So, if the proposal for RAN2 specification is agreed, a LS to RAN1 is needed to update the related descriptions in3GPP TS 36.213, that is, to also allow supporting nrs-CRS-PowerOffset provision when the anchor carrier is not inband-SamePCI mode but there are other non-anchor carrier(s) with inband-SamePCI mode. 

Proposal 2: If the proposal for RAN2 specification is agreed, it’s needed to send LS to RAN1 to update the nrs-CRS-PowerOffset related descriptions in 3GPP TS 36.213.
4 Conclusions

Based on the analysis in this paper, we have the following observation and proposals:
Observation 1: The current nrs-CRS-PowerOffset parameter can be provided only when the operation mode of the anchor carrier is inband-SamePCI,  and it indicates the power offset between anchor carrier NRS and E-UTRA CRS.

Proposal 1: Add a new nrs-CRS-PowerOffset parameter for configuration case of anchor carrier in guardband mode plus non-anchor carrier in inband-SamePCI mode to indicate the ratio of anchor carrier NRS EPRE to CRS EPRE.
Proposal 2: If the proposal for RAN2 specification is agreed, it’s needed to send LS to RAN1 to update the nrs-CRS-PowerOffset related descriptions in 3GPP TS 36.213.
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