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1	Introduction
The issues related wake-up signal for NB-IoT (NWUS) as well as the proposed updates are listed below: 
	
1. [bookmark: _Hlk521583735]Issue #1: The current specification of ‘at least one subframe for NWUS transmit diversity’ in the clause 10.2.6B.2 of TS36.211 is not clear and needs to be further clarified. We define UE assumes X consecutive subframe(s) using the same antenna port, but not using same antenna port in more than X consecutive subframes. Based on the simulation results in Figure 1, the transmit pattern of mixed X=1 and 2 is a good tradeoff between the pattern of X=1 and that of X=2, i.e., the first two subframes with X=1 are useful for UEs with MCL=144/154dB to achieve earlier termination (around 50% faster than that of X=2); while, the remaining subframes with X=2 has better performance for UEs with MCL=164B (around 30% faster than that of X=1). Therefore, we propose X=1 for the 1st and 2nd subframe and X=2 from the 3rd subframe for NWUS transmission. This has been captured in clause 10.2.6B.2 of TS36.211. 
[image: ]
Figure 1 NWUS miss detection with X=1 and/or 2 for tx diversity [4]

2. [bookmark: _Hlk521584163][bookmark: _Hlk521598462]Issue #2: Relative to the repetition number of NPDCCH, the scaling factor for maximum NWUS duration is explicitly indicated. On top of it, eNB still needs to let UE know the transmit power of NWUS transmission. It is necessary for UE to estimate the required SINR for NWUS early termination. For power indication, the NWUS EPRE can be indicated as the power boost offset relative to NRS EPRE per carrier with 1 or 2 ports, which is captured in clause 16.2.2 of TS 36.213. In addition, we need to send a LS to RAN2 to include the power offset for NWUS in TS36.331, which should be indicated in SIB. 
Proposal 1: The power offset of NWUS transmission relative to the NRS per carrier is indicated in SIB. Send LS to RAN2 about the power offset of NWUS relative to the NRS.

3. Issue #3: The following agreements related to NWUS max/actual duration and NWUS starting time offset should be captured in TS36.213. The related text proposal is proposed in [5].

Section 2 and Section 3 contain the actual updates as they will appear on the TS 36.211 and 36.213.
[bookmark: _Ref178064866]2	Text Proposal for TS 36.211
----------------------------------------------------------------- Text start -----------------------------------------------------------------
10.2.6B.2	Mapping to resource elements
[bookmark: _Hlk521585191][bookmark: _Hlk521585231]The same antenna port shall be used for all symbols of the NWUS within a subframe. The UE shall not assume that the NWUS is transmitted on the same antenna port as any of the downlink reference signals or synchronization signals. If only one NRS port is configured by the eNB, the UE may assume the transmission of all NWUS subframes is using the same antenna port; otherwise, the UE can assume the transmission of NWUS in at least one subframeX subframe(s) is using the same antenna port, but not using same antenna port in more than X consecutive subframe(s), where X=1 at the 1st and 2nd subframe and X=2 from the 3rd subframe.
The UE shall not expect NWUS to be transmitted in subframes carrying system information blocks. Non-NB-IoT DL subframes, except for SIB1-NB subframes, are not counted when determining the maximum or actual NWUS transmission duration.
On an NB-IoT carrier for which a UE receives higher-layer parameter operationModeInfo indicating inband-SamePCI, inband-DifferentPCI, guardband or standalone or on an NB-IoT carrier for which DL-CarrierConfigCommon-NB is present, the NWUS sequence  shall be mapped to resource elements  in sequence, starting with  in increasing order of first the index  over the 12 assigned subcarriers and then the index  in each subframe in which NWUS is transmitted.
[bookmark: _Hlk515970123]Additionally, on an NB-IoT carrier for which a UE receives higher-layer parameter operationModeInfo indicating guardband or standalone, or on an NB-IoT carrier for which DL-CarrierConfigCommon-NB is present and no inbandCarrierInfo is present, the resource mapping for the first three OFDM symbols in the subframe is performed as follows:
· The resource element (k,7) is mapped to resource element (k,0) of every index k over 12 assigned subcarriers 
· The resource element (k,8) is mapped to resource element (k,1) of every index k over 12 assigned subcarriers
· The resource element (k,9) is mapped to resource element (k,2) of every index k over 12 assigned subcarriers
A resource element  overlapping with resource elements where cell-specific reference signals according to clause 6.10 are transmitted or NRSs according to clause 10.2.6 are transmitted shall not be used for NWUS transmission but is counted in the mapping process.
---------------------------------------------------------------- Text End -------------------------------------------------------------------
[bookmark: _Toc454818195]3	Text Proposal for TS 36.213
---------------------------------------------------------------- Text Omitted -------------------------------------------------------------
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.
For a UE configured with higher layer parameter wus-Config, the ratio of NWUS EPRE to NRS EPRE in the same carrier is given by higher layer parameter wus-PowerBoost-Config for the case of single NRS port and wus-PowerBoost-Config+3dB for the case of two NRS ports.
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' or samePCI-Indicator indicates 'samePCI' 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.

---------------------------------------------------------------- Text End -------------------------------------------------------------------
Conclusion
Upon reviewing the content of this Text Proposal, it is proposed:
[bookmark: _GoBack]Proposal 1	The power offset of NWUS transmission relative to the NRS per carrier is indicated in SIB. Send LS to RAN2 about the power offset of NWUS relative to the NRS.
Proposal 2	Agree on the text proposal presented in this document and capture its content on the TS 36.211 and TS 36.213.
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