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1	Introduction
[bookmark: _Hlk6116401]In the Work Item (WI) on “Additional MTC enhancements for LTE” [1], one of the objectives is to specify CE mode A and B improvements for non-BL UEs from among the techniques listed below:

	Work Item Objective

	Extreme coverage for non-BL UEs:

· Specify CE mode A and B improvements for non-BL UEs from among the following list [RAN1, RAN2, RAN4]
· [bookmark: _Hlk521496697]Enhancements to idle mode mobility
· UE demodulation performance requirements for 2 RX antennas and full duplex FDD
· Dual layer DL reception
· [bookmark: _Hlk3390378]Feedback based on CSI-RS
· [bookmark: _Hlk6117416]ETWS/CMAS in connected mode




In RAN1 #94 it was agreed that RAN1 would focus on both “Dual layer DL reception” and “Feedback based on CSI-RS” [2], collecting findings in [3-4]. In RAN1 #96 it was concluded to do not pursue “Dual layer DL reception”, whereas it was agreed to support “Feedback based on CSI-RS [5].” In RAN1 #96bis, RAN1 #97, and RAN1 #98 a set of agreements on the components of CSI-RS were made [6-8]. More recently, in RAN1 #98bis the following agreements were reached [9]:

	Feedback based on CSI-RS

	
Agreement
Submode 2 is supported for PUCCH mode 1-1 for non-BL UEs in CE mode A
· No further PMI enhancement in Rel-16 for aperiodic CSI report

Agreement
Assuming RI=1, Table 7.2.2-1D in TS 36.213 is reused without modification for the support of CSI-RS based CSI feedback for non-BL UEs in CE mode A. 
· The RI is not reported.


	
Agreement
For CSI-RS based CSI feedback for non-BL UE in CE mode A, CSI reference resource in the frequency domain is the narrowband(s) used for MPDCCH monitoring
· This is same as in Rel-15




On the “ETWS/CMAS in connected mode” topic, in RAN1 #98bis the following agreement was reached.
	ETWS/CMAS in connected mode

	Agreement
For ETWS/CMAS indication to a non-BL UE in CE in connected mode via DCI using Type 0 CSS, following DCI format is used for ETWS/CMAS notification 
· DCI format 6-1A/B with a RNTI (e.g. SI-RNTI which is up to RAN2) for ETWS/CMAS notification




This contribution discusses one remaining aspect (time domain resources) on “Feedback based on CSI-RS” and finalizes the discussions on “ETWS/CMAS in connected mode” by providing the DCI design for supporting in both CE Mode A and B.
[bookmark: _Ref178064866]2	Enhancements for non-BL UEs using enhanced coverage functionality
2.1	Feedback based on CSI-RS
In RAN1 #96, the potential benefits of supporting “Feedback based on CSI-RS” for non-BL UEs using enhanced coverage functionality were discussed. A set of simulation results presented in [10], compared the “Throughput ratio between CSI-RS based 8Tx PMI feedback and CRS based 4Tx PMI feedback” showing promising gains in a SNR region that truly corresponds to CE Mode A.
Based on the above-mentioned results, RAN1 decided that the “Existing Rel-15 CSI-RS based CSI feedback is supported for non-BL CE UEs operating CE mode A” [5]. In RAN1 #96bis it was agreed that “CSI-RS based CSI feedback is only supported in TM9”, that “The supported number of CSI-RS ports is only 8”, and that “For CSI feedback of non-BL CE UE, RI is fixed to 1 if it is included as part of reporting on PUCCH or PUSCH”. In RAN1 #97, it was agreed that “Table 7.2.4-1 of TS 36.213 is reused for the support of CSI-RS based CSI feedback for non-BL UEs in CE mode A” [7], since it is compliant with the above agreements. More recently, it was agreed that submode 1 and submode 2 are supported for PUCCH mode 1-1 assuming RI = 1 as per Tables 7.2.2-1E and 7.2.2-1D respectively [8-9], and that CSI reference resource in the frequency domain is the narrowband(s) used for MPDCCH monitoring [9].
In our view, the only remaining discussion on “Feedback based on CSI-RS” refers to defining what will be the CSI reference resources in the time domain.
2.1.1	CSI reference resources in the time domain
In RAN1 #98bis, it was agreed that “CSI reference resource in the frequency domain is the narrowband(s) used for MPDCCH monitoring” [9]. However, there is no agreement yet on what will be the CSI reference resources in the time domain (i.e., the number of subframes used for measuring all the narrowband(s)).
In RAN1 #98bis, one company had the following proposal in relation to it: “CSI reference resource based on CSI-RS can be defined as one or more CSI-RS subframes in time domain for non-BL UEs in CE mode A” [11]. 
In our view, the CSI reference resource in the time domain can re-use the number of subframes for CSI reference resource as defined in legacy through “csi-NumRepetitionCE” [12].
	csi-NumRepetitionCE-r13			ENUMERATED {sf1, sf2, sf4, sf8, sf16, sf32}

	csi-NumRepetitionCE
Number of subframes for CSI reference resource, see TS 36.213 [23]. Value sf1 corresponds to 1 subframe, sf2 corresponds to 2 subframes and so on.



[bookmark: _Toc24015261]A remaining discussion on “Feedback based on CSI-RS” refers to defining what will be the CSI reference resources in the time domain.
[bookmark: _Toc24015264]For CSI-RS based CSI feedback for non-BL UE in CE mode A, CSI reference resource in the time domain is given by the legacy parameter “csi-NumRepetitionCE”.
2.2	ETWS/CMAS in connected mode
In RAN1 #98bis it was agreed that DCI Format 6-1A and 6-1B will be used for supporting “ETWS/CMAS in connected mode” [9]. Below we elaborate on how to support it in CE Mode A and CE Mode B separately.
2.2.1	Support of ETWS/CMAS in connected mode in CE Mode A
In connected mode it is already possible to use Type0-MPDCCH common search space in CE Mode A to monitor DCI Format 6-1A. Thus, the only thing that needs to be done in CE Mode A is to work out the contents of DCI Format 6-1A when it is used to support ETWS/CMAS notifications.
Before going straight to the DCI design for carrying ETWS/CMAS notifications on Format 6-1A, it is important to use as reference the way such notifications are carried through the “Direct Indication information” field in legacy DCI Format 6-2 [13].

	-	Direct Indication information – 8 bits provide direct indication of system information update and other fields, as defined in [6] 



The cited reference in the above extract of TS 36.212 refers to TS 36.331, which describes the 8-bit direct indication information as follows:
	Table 6.6-1: Direct Indication information
	Bit
	Direct Indication information

	1
	systemInfoModification

	2
	etws-Indication

	3
	cmas-Indication

	4
	eab-ParamModification

	5
	systemInfoModification-eDRX

	6, 7, 8
	Not used, and shall be ignored by UE if received.







In relation to the above table extracted from TS 36.331[12], it is stated that “When bit n is set to 1, UE shall behave as if the corresponding field is set in the Paging message, see 5.3.2.3. Bit 1 is the least significant bit”. For the support of ETWS/CMAS notifications on DCI Format 6-1A, the “Direct Indication information” field as in DCI Format 6-2 can be re-used letting up to RAN2 to specify its contents (i.e., ETWS/CMAS indications) in TS 36.331.
2.2.1.1	DCI Format 6-1A supporting ETWS/CMAS notifications
DCI Format 6-1A and 6-0A are related to each other in terms of payload size, indeed just a “Flag format” differentiation is used to distinguish between those two DCI formats. The payload size varies depending on how many features are accounted for, but in principle (i.e., unless otherwise stated) optional features apply to USS, whereas for CSS the payload size can be seen overall as invariant.
DCI Format 6-1A when used “for random access procedure initiated by a PDCCH order” can be utilized as design reference to introduce the support of ETWS/CMAS notifications as shown in the right-hand side of the Table below [13].
[bookmark: _Toc24015262]DCI Format 6-1A when used “for random access procedure initiated by a PDCCH order” can be utilized as design reference to introduce the support of ETWS/CMAS notifications.

	Extract of DCI Format 6-1A when used “for random access procedure initiated by a PDCCH order”.
	Extract of DCI Format 6-1A including when used “for ETWS/CMAS indication”.

	The following information is transmitted by means of the DCI format 6-1A:
-	Flag format 6-0A/format 6-1A differentiation – 1 bit, where value 0 indicates format 6-0A and value 1 indicates format 6-1A
Format 6-1A is used for random access procedure initiated by a PDCCH order only if format 6-1A CRC is scrambled with C-RNTI and all the remaining fields are set as follows:
-	Resource block assignment – [image: ]+5 bits, where all bits shall be set to 1
-	Preamble Index – 6 bits
-	PRACH Mask Index – 4 bits, [5]
-	Starting CE level – 2 bits provide the PRACH starting CE level as defined in [5]
-	All the remaining bits in format 6-1A for compact scheduling assignment of one PDSCH codeword are set to zero
Otherwise, 


.
.
.

	The following information is transmitted by means of the DCI format 6-1A:
-	Flag format 6-0A/format 6-1A differentiation – 1 bit, where value 0 indicates format 6-0A and value 1 indicates format 6-1A
Format 6-1A is used for random access procedure initiated by a PDCCH order only if format 6-1A CRC is scrambled with C-RNTI and all the remaining fields are set as follows:
-	Resource block assignment – [image: ]+5 bits, where all bits shall be set to 1
-	Preamble Index – 6 bits
-	PRACH Mask Index – 4 bits, [5]
-	Starting CE level – 2 bits provide the PRACH starting CE level as defined in [5]
-	All the remaining bits in format 6-1A for compact scheduling assignment of one PDSCH codeword are set to zero
[bookmark: _Hlk23256024]Format 6-1A is used for Direct Indication information only if format 6-1A CRC is scrambled with X-RNTI and all the remaining fields are set as follows:
-	Direct Indication information – 8 bits provide direct indication of system information update and other fields, as defined in [6]. 
-	All the remaining bits in format 6-1A for compact scheduling assignment of one PDSCH codeword are set to zero
Otherwise, 



Based on the above analysis, for the support of ETWS/CMAS notifications in DCI Format 6-1A using Type 0 CCS we propose the following:
[bookmark: _Toc24015265]Introduce a new case in DCI Format 6-1A, stating that if CRC is scrambled with X-RNTI, then Format 6-1A is used for Direct Indication information: 
· [bookmark: _Toc24015266]The “Direct Indication information” field as in DCI Format 6-2 can be re-used letting up to RAN2 to specify its contents (i.e., ETWS/CMAS indications) in TS 36.331.
[bookmark: _Toc24015267]All the remaining bits in format 6-1A are set to zero.
[bookmark: _Toc24015268]Note: X refers to an RNTI type to be defined by RAN2.
2.2.2	On the support of ETWS/CMAS in connected mode in CE Mode B
In RAN1 #98bis an analysis on the support of “ETWS/CMAS in connected mode in CE Mode B” was presented [14], where it was foreseen that in CE Mode B only a small percentage (less than 13%) of the disaster areas will be able to receive ETWS notifications in time.
The discussions in RAN1 #98bis focused on the DCI Formats, and it was no chance to discuss the use-case of supporting ETWS/CMAS notifications in CE Mode B. In the end, DCI Formats 6-1A and 6-1B were agreed together, whereas it was previously agreed that Type 0 CSS would be used if CE Mode B were supported. 
In the subsections below we discuss how to introduce “Type 0 CSS” in CE Mode B and the DCI design for supporting ETWS/CMAS notifications.
2.2.2.1	Type 0 CSS in CE Mode B
A “BL/CE UE” means “BL UE or UE in CE”, so non-BL UEs in CE are included in the term “BL/CE UE”. To support Type 0 CCS in CE Mode B, it will be needed to add an exception on certain statements in TS 36.213 since today the usage of Type 0 CCS in CE Mode B is precluded [15]. Below we cite clause 9.1.5 of TS 36.213 including a suggested revision to allow for monitoring ETWS/CMAS notifications using Type 0 CCS.
	The BL/CE UE shall monitor one or more of the following search spaces
-	a Type0-MPDCCH common search space if configured with CEmodeA, or if configured with ce-etws-cmas-config.
-	a Type1-MPDCCH common search space, 
-	a Type1A-MPDCCH common search space,
-	a Type2-MPDCCH common search space, 
-	a Type2A-MPDCCH common search space, and 
-	a MPDCCH UE-specific search space. 
[bookmark: _Hlk23156320]A BL/CE UE configured with CEModeB is not required to monitor Type0-MPDCCH common search space, except if a BL/CE UE is configured with ce-etws-cmas-config.






In addition of allowing the usage of Type 0 CCS when “ce-etws-cmas-config” is configured and enabled, it is also needed to define the aggregation and repetition levels to be used in CE Mode B. On this matter, in clause 9.1.5 of TS 36.213 it is mentioned that “For Type0-MPDCCH common search space” the number of PRB-pairs can be 2, 4, and 2+4 (), the number of MPDCCH candidates to monitor is one (=1), the aggregation levels () can be 8, 16, or 24 depending on the number of PRBs, whereas the repetition levels are described in Table 9.1.5-3. Below we cite the part of the specification where the above is captured, which in our view should be re-used for the support of ETWS/CMAS notification in CE Mode B using Type 0 CSS.
	For Type0-MPDCCH common search space, the narrowband location and the MPDCCH-PRB-set [image: ] are the same as for MPDCCH UE-specific search space, and

-	if =2, 







-	=1 for =8 and repetition levels ,, ,  given in Table 9.1.5.-3. For all other cases, =0

-	if =4, 







-	=1 for =16 and repetition levels ,, ,  given in Table 9.1.5.-3. For all other cases, =0

-	if =2+4, 







-	=1 for =24 and repetition levels ,, ,  given in Table 9.1.5.-3. For all other cases, =0





where , , ,  are determined from Table 9.1.5-3 by substituting the value of  with the value of higher layer parameter mPDCCH-NumRepetition.

	




Table 9.1.5-3: Determination of repetition levels
	

	

	

	

	


	1
	1
	-
	-
	-

	2
	1
	2
	-
	-

	4
	1
	2
	4
	-

	>=8
	

	

	

	







[bookmark: _Toc24015269]To support ETWS/CMAS notifications in CE Mode B using Type 0 CSS, the number of PRB-pairs, candidates to monitor, aggregation and repetitions levels as described in clause 9.1.5-3 of TS 36.213 “For Type0-MPDCCH common search space” are re-used.
· [bookmark: _Toc24015270]Number of PRB-pairs: 2, 4, 2+4.
· [bookmark: _Toc24015271]MPDCCH candidates to monitor: 1.
· [bookmark: _Toc24015272]Aggregation levels: 8, 16, 24 depending on the number of PRB-pairs.
· [bookmark: _Toc24015273]Repetition levels: Table 9.1.5.-3 in TS 36.213.
2.2.2.2	DCI Format 6-1B supporting ETWS/CMAS notifications
In a previous section dealing with CE Mode A, for the support of ETWS/CMAS notifications it was proposed to use as design reference the use-case when DCI Format 6-1A is used “for random access procedure initiated by a PDCCH order”. The same use-case exists in DCI Format 6-1B; thus the same solution can used in CE Mode B as shown in the Table below.
[bookmark: _Toc24015263]DCI Format 6-1B when used “for random access procedure initiated by a PDCCH order” can be utilized as design reference to introduce the support of ETWS/CMAS notifications.
	Extract of DCI Format 6-1B when used “for random access procedure initiated by a PDCCH order”.
	Extract of DCI Format 6-1B including when used “for ETWS/CMAS indication”.

	The following information is transmitted by means of the DCI format 6-1B:
-	Flag for format 6-0B/format 6-1B differentiation – 1 bit, where value 0 indicates format 6-0B and value 1 indicates format 6-1B
Format 6-1B is used for random access procedure initiated by a PDCCH order only if format 6-1B CRC is scrambled with C-RNTI and all the remaining fields are set as follows:
-	Reserved bits – [image: ]+2 bits, where all bits shall be set to 1
-	Preamble Index – 6 bits
-	PRACH Mask Index – 4 bits [5]
-	Starting CE level – 2 bits provide the PRACH starting CE level as defined in [5]
-	All the remaining bits in format 6-1B for compact scheduling assignment of one PDSCH codeword are set to zero
Otherwise, 
.
.
.

	The following information is transmitted by means of the DCI format 6-1B:
-	Flag for format 6-0B/format 6-1B differentiation – 1 bit, where value 0 indicates format 6-0B and value 1 indicates format 6-1B
Format 6-1B is used for random access procedure initiated by a PDCCH order only if format 6-1B CRC is scrambled with C-RNTI and all the remaining fields are set as follows:
-	Reserved bits – [image: ]+2 bits, where all bits shall be set to 1
-	Preamble Index – 6 bits
-	PRACH Mask Index – 4 bits [5]
-	Starting CE level – 2 bits provide the PRACH starting CE level as defined in [5]
-	All the remaining bits in format 6-1B for compact scheduling assignment of one PDSCH codeword are set to zero
Format 6-1B is used for Direct Indication information only if format 6-1B CRC is scrambled with X-RNTI and all the remaining fields are set as follows:
-	Direct Indication information – 8 bits provide direct indication of system information update and other fields, as defined in [6]. 
-	All the remaining bits in format 6-1B for compact scheduling assignment of one PDSCH codeword are set to zero
Otherwise, 



Based on the above analysis, for the support of ETWS/CMAS notifications in DCI Format 6-1B using Type 0 CCS we propose the following:
[bookmark: _Toc24015274]Introduce a new case in DCI Format 6-1B, stating that if CRC is scrambled with X-RNTI, then Format 6-1B is used for Direct Indication information: 
· The “Direct Indication information” field as in DCI Format 6-2 can be re-used letting up to RAN2 to specify its contents (i.e., ETWS/CMAS indications) in TS 36.331.

[bookmark: _Toc24015275]All the remaining bits in format 6-1B are set to zero.
[bookmark: _Toc24015276]Note: X refers to an RNTI type to be defined by RAN2. 
3	Conclusion
In the previous sections we made the following observations:

Observation 1	A remaining discussion on “Feedback based on CSI-RS” refers to defining what will be the CSI reference resources in the time domain.
Observation 2	DCI Format 6-1A when used “for random access procedure initiated by a PDCCH order” can be utilized as design reference to introduce the support of ETWS/CMAS notifications.
Observation 3	DCI Format 6-1B when used “for random access procedure initiated by a PDCCH order” can be utilized as design reference to introduce the support of ETWS/CMAS notifications.
 
Based on the discussion in the previous sections we propose the following:
Proposal 1	For CSI-RS based CSI feedback for non-BL UE in CE mode A, CSI reference resource in the time domain is given by the legacy parameter “csi-NumRepetitionCE”.
Proposal 2	Introduce a new case in DCI Format 6-1A, stating that if CRC is scrambled with X-RNTI, then Format 6-1A is used for Direct Indication information:
	The “Direct Indication information” field as in DCI Format 6-2 can be re-used letting up to RAN2 to specify its contents (i.e., ETWS/CMAS indications) in TS 36.331.
All the remaining bits in format 6-1A are set to zero.
Note: X refers to an RNTI type to be defined by RAN2.
Proposal 3	To support ETWS/CMAS notifications in CE Mode B using Type 0 CSS, the number of PRB-pairs, candidates to monitor, aggregation and repetitions levels as described in clause 9.1.5-3 of TS 36.213 “For Type0-MPDCCH common search space” are re-used.
	Number of PRB-pairs: 2, 4, 2+4.
	MPDCCH candidates to monitor: 1.
	Aggregation levels: 8, 16, 24 depending on the number of PRB-pairs.
	Repetition levels: Table 9.1.5.-3 in TS 36.213.
Proposal 4	Introduce a new case in DCI Format 6-1B, stating that if CRC is scrambled with X-RNTI, then Format 6-1B is used for Direct Indication information:
All the remaining bits in format 6-1B are set to zero.
Note: X refers to an RNTI type to be defined by RAN2.
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