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1	Introduction
The issues related wake-up signal for eMTC (MWUS) as well as the proposed updates are listed below: 
	
1. Issue #1: The current specification of ‘at least one subframe for MWUS transmit diversity’ in the clause 6.11B.2 of TS36.211 is not clear and needs to be further clarified. The MWUS reuses the NWUS sequence with 2-PRB repetition. 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 of NWUS in [4], 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 and the similar pattern for MWUS transmission as well. This has been captured in clause 6.11B.2 of TS36.211. 
2. [bookmark: _Hlk521598449][bookmark: _Hlk521598470][bookmark: _Hlk521598492][bookmark: _Hlk521676723]Issue #2: Relative to the repetition number of MPDCCH, the scaling factor for maximum MWUS duration is explicitly indicated. On top of it, eNB still needs to let UE know the transmit power of MWUS transmission. It is necessary for UE to estimate the required SINR for MWUS early termination. For power indication, the MWUS EPRE can be indicated as the power boost offset relative to CRS EPRE with 1, 2 or 4 ports, which is captured in clause 5.2 of TS 36.213. In addition, we need to send a LS to RAN2 to include the higher layer parameter power offset for MWUS in TS36.331, which should be indicated in SIB. 
Proposal 1: The power offset of MWUS transmission relative to the CRS is indicated in SIB. Send LS to RAN2 about the power offset of MWUS relative to the CRS.

3. Issue #3: Current specification does not define the expected UE behaviour in case of collision between MWUS and PSS/SSS/PBCH. In the following text proposal for the subclause 6.11B.2 of TS 36.211, we clarify MWUS is not transmitted in that subframe if MWUS and PSS/SSS/PBCH collide (partially or completely).

4. Issue #4: The following agreements related to MWUS max/actual duration and the MWUS starting time offset should be captured in TS 36.213. 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 -----------------------------------------------------------------
6.11B.2	Mapping to resource elements
The same antenna port shall be used for all symbols of the MWUS within a subframe. The UE shall not assume that the MWUS is transmitted on the same antenna port as any of the downlink reference signals or synchronization signals. If only one CRS port is configured by the eNB, the UE may assume the transmission of all MWUS subframes is using the same antenna port; otherwise, the UE can assume the transmission of MWUS 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 MWUS to be transmitted in subframes carrying system information blocks. Non-BL/CE subframes are not counted when determining the maximum or actual MWUS transmission duration.
The MWUS bandwidth is 2 consecutive PRBs, the frequency location of the lowermost PRB signaled by higher layers. For both PRB pairs in the frequency domain, for which MWUS is defined, the MWUS 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 MWUS is transmitted.
The MWUS sequence is mapped to the set of subframes in the actual MWUS duration as defined in [4], where in a subframe in which PSS/SSS/PBCH is transmitted, the subframe is counted in the MWUS mapping but not used for transmission of MWUS.
A resource element  overlapping with resource elements where cell-specific reference signals according to clause 6.10 are transmitted shall not be used for MWUS transmission but is counted in the mapping process.
---------------------------------------------------------------- Text End -------------------------------------------------------------------
[bookmark: _Toc454818195]3	Text Proposal for TS 36.213
---------------------------------------------------------------- Text Omitted -------------------------------------------------------------
[bookmark: _Toc415085437]5.2	Downlink power allocation
The eNodeB determines the downlink transmit energy per resource element.
For the purpose of RSRP and RSRQ measurements, the UE may assume downlink cell-specific RS EPRE is constant across the downlink system bandwidth and constant across all subframes with discovery signal transmissions until different cell-specific RS power information is received. 
For a cell that is not a LAA Scell, the UE may assume downlink cell-specific RS EPRE is constant across the downlink system bandwidth and constant across all subframes until different cell-specific RS power information is received. 
The downlink cell-specific reference-signal EPRE can be derived from the downlink reference-signal transmit power given by the parameter referenceSignalPower provided by higher layers. The downlink reference-signal transmit power is defined as the linear average over the power contributions (in [W]) of all resource elements that carry cell-specific reference signals within the operating system bandwidth.
[bookmark: _Hlk521595869]For a BL/CE UE configured with higher layer parameter wus-Config, the ratio of MWUS EPRE to cell-specific RS EPRE is given by higher layer parameter wus-PowerBoost-Config for the case of single CRS port, wus-PowerBoost-Config+3dB for the case of two CRS ports, and ce-MWUS-PowerBoost-Config+6dB for the case of four CRS ports. 
For a LAA SCell, the UE may assume that the EPRE of downlink cell-specific RS in subframe n is same as the EPRE of downlink cell-specific RS in subframe n-1, if all OFDM symbols of at least the second slot of subframe n-1, are occupied.




The ratio of PDSCH EPRE to cell-specific RS EPRE among PDSCH REs (not applicable to PDSCH REs with zero EPRE) for each OFDM symbol is denoted by either  or according to the OFDM symbol index as given by Table 5.2-2 and Table 5.2-3. In addition, and are UE-specific.
For a UE in transmission mode 8 - 10 when UE-specific RSs are not present in the PRBs upon which the corresponding PDSCH is mapped or in transmission modes 1 – 7, the UE may assume that for 16 QAM, 64 QAM, or 256QAM, spatial multiplexing with more than one layer or for PDSCH transmissions associated with the multi-user MIMO transmission scheme, or for a UE in transmission modes 2-4 and configured with higher layer parameter must-Config-r14 the UE may assume that for QPSK,


-	 is equal to [dB] when the UE receives a PDSCH data transmission using precoding for transmit diversity with 4 cell-specific antenna ports according to Subclause 6.3.4.3 of [3];


-	 is equal to [dB] otherwise



whereis 0 dB for all PDSCH transmission schemes except multi-user MIMO as described in Subclause 7.1.5 and where is a UE specific parameter provided by higher layers. If the UE is configured with higher layer parameter must-Config-r14, and if the UE is configured with higher layer parameter p-a-must-r14, and if the PDCCH/EPDCCH DCI of the corresponding PDSCH transmission indicates MUST interference is present [4], the UE shall use the higher layer parameter p-a-must-r14 for determining.
For a UE configured with higher layers parameter servCellp-a-r12, and the UE in transmission modes 8-10 when UE-specific RSs are not present in the PRBs upon which the corresponding PDSCH is mapped or in transmission modes 1-7, the UE may assume that for QPSK and transmission with single-antenna port or transmit diversity transmission schemes or spatial multiplexing using a single transmission layer, and the PDSCH transmission is not associated with the multi-user MIMO transmission scheme, and the PDSCH is scheduled by a PDCCH/EPDCCH with CRC scrambled by C-RNTI, 
-	[image: ] is equal to [image: ] [dB] when the UE receives a PDSCH data transmission using precoding for transmit diversity with 4 cell-specific antenna ports according to Subclause 6.3.4.3 of [3];
-	[image: ] is equal to[image: ] [dB] otherwise
and where[image: ] is given by the parameter servCellp-a-r12. If the UE is also configured with higher layer parameter must-Config-r14, and if the UE is configured with higher layer parameter p-a-must-r14, and if the PDCCH/EPDCCH DCI of the corresponding PDSCH transmission indicates MUST interference is present [4], the UE shall use the higher layer parameter p-a-must-r14 for determining [image: ].
For a cell supporting SC-PTM, the UE may assume that for the PDSCH scrambled by G-RNTI, 

-	[image: ] is equal to  [dB] when the UE receives a PDSCH data transmission using precoding for transmit diversity with 4 cell-specific antenna ports according to Subclause 6.3.4.3 of [3];

-	[image: ] is equal to  [dB] otherwise



where  is configured per SC-MTCH and is given by higher layer parameter p-a-r13. If  is not configured, the UE may assume that  [dB].
For transmission mode 7, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped, the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RSs shall be a constant, and that constant shall be maintained over all the OFDM symbols containing the UE-specific RSs in the corresponding PRBs. In addition, the UE may assume that for 16QAM, 64QAM, or 256QAM, this ratio is 0 dB.
For transmission mode 8, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped, the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RSs is 0 dB. 
For transmission mode 9 or 10, if UE-specific RSs are present in the PRBs upon which the corresponding PDSCH is mapped, the UE may assume the ratio of PDSCH EPRE to UE-specific RS EPRE within each OFDM symbol containing UE-specific RS is 0 dB for number of transmission layers less than or equal to two and -3 dB otherwise. 
A UE may assume that downlink positioning reference signal EPRE is constant across the positioning reference signal bandwidth and across all OFDM symbols that contain positioning reference signals in a given positioning reference signal occasion [10]. 
For the purpose of RSRP and RSRQ measurements on CSI-RS of a discovery signal the UE may assume that the EPRE of CSI-RS is constant across the downlink system bandwidth and constant across all subframes with discovery signal transmissions for each CSI-RS resource.
If a serving cell is not configured for a UE as a LAA Scell, and if CSI-RS is configured in the serving cell then the UE shall assume downlink CSI-RS EPRE is constant across the downlink system bandwidth and constant across all subframes for each CSI-RS resource.
If a serving cell is configured for a UE as a LAA Scell, the UE may assume that EPRE of CSI-RS in subframe n2 is same as EPRE of CSI-RS in earlier subframe n1, if all OFDM symbols of subframe n1 and all subframes between subframe n1 and subframe n2, are occupied.





The cell-specific ratio  is given by Table 5.2-1 according to cell-specific parameter  signalled by higher layers and the number of configured eNodeB cell specific antenna ports.  is given by higher layer parameter p-b-r13 for PDSCH scrambled by G-RNTI and by higher layer parameter p-b otherwise. In case PDSCH is scrambled by G-RNTI, if  is not configured, the UE may assume that .

Table 5.2-1: The cell-specific ratio  for 1, 2, or 4 cell specific antenna ports
	

	


	
	One Antenna Port
	Two and Four Antenna Ports 

	0
	1
	5/4

	1
	4/5
	1

	2
	3/5
	3/4

	3
	2/5
	1/2



For PMCH with 16QAM, 64QAM, or 256QAM, the UE may assume that the ratio of PMCH EPRE to MBSFN RS EPRE is equal to 0 dB.


Table 5.2-2: OFDM symbol indices within a slot of a non-MBSFN subframe where the ratio of the corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by  or 
	Number of antenna ports
	
OFDM symbol indices within a slot where the ratio of the corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by 
	
OFDM symbol indices within a slot where the ratio of the corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by 

	
	Normal cyclic prefix
	Extended cyclic prefix
	Normal cyclic prefix
	Extended cyclic prefix

	One or two
	1, 2, 3, 5, 6
	1, 2, 4, 5
	0, 4
	0, 3

	Four
	2, 3, 5, 6
	2, 4, 5
	0, 1, 4
	0, 1, 3





Table 5.2-3: OFDM symbol indices within a slot of an MBSFN subframe where the ratio of the corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by  or  
	Number of antenna ports
	
OFDM symbol indices within a slot where the ratio of the corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by 
	
OFDM symbol indices within a slot where the ratio of the corresponding PDSCH EPRE to the cell-specific RS EPRE is denoted by 

	
	Normal cyclic prefix
	Extended cyclic prefix
	Normal cyclic prefix
	Extended cyclic prefix

	
	
mod 2 = 0
	
mod 2 = 1
	
mod 2 = 0
	
mod 2 = 1
	
mod 2 = 0
	
mod 2 = 1
	
mod 2 = 0
	
mod 2 = 1

	One or two
	1, 2, 3, 4, 5, 6
	0, 1, 2, 3, 4, 5, 6
	1, 2, 3, 4, 5
	0, 1, 2, 3, 4, 5
	0
	-
	0
	-

	Four
	2, 3, 4, 5, 6
	0, 1, 2, 3, 4, 5, 6
	2, 4, 3, 5
	0, 1, 2, 3, 4, 5
	0, 1
	-
	0, 1
	-



---------------------------------------------------------------- Text End -------------------------------------------------------------------
Conclusion
Upon reviewing the content of this Text Proposal, it is proposed:
Proposal 1	The power offset of MWUS transmission relative to the CRS is indicated in SIB. Send LS to RAN2 about the power offset of MWUS relative to the CRS.
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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