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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 and RAN1 #97 a set of agreements on the basic components of CSI-RS were made [6-7]. More recently, in RAN1 #98 the following agreements were reached [8]:

	Feedback based on CSI-RS

	Agreement
At least submode 1 is supported for PUCCH mode 1-1 for non-BL UEs in CE mode A
· Further consider the additional support of submode 2


	Agreement
Assuming RI=1, Table 7.2.2-1E 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. 




On the “ETWS/CMAS in connected mode” topic, in RAN1 #98 only a down-selection on DCI Formats that could be used to support ETWS/CMAS was agreed.
	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, the DCI formats are selected between the following two alternatives in RAN1#98bis   
•	DCI format 3/3A with one of the TPC commands repurposed for ETWS/CMAS notification.
•   DCI format 6-1A/[1B] with a new RNTI for ETWS/CMAS notification.




This contribution provides a follow-up on “Feedback based on CSI-RS” and continues the discussions on “ETWS/CMAS in connected mode” triggered by the RAN2 LS.
[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 [9], 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.
The use-case and simulations corresponded to a beamforming-based scheme where an increased number of antenna elements in an array were used to make the beam sharper (i.e., an increased number of antennas helped to maximize the received energy at the receiver).
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 and #97 several agreements were reached towards its support [6], and below we provide a follow-up accounting for those agreements.
2.1.1	Setup and model for supporting “Feedback based on CSI-RS”
2.1.1.1	Codebook
[bookmark: _Hlk6134126]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 addition, the following conclusion was captured in the chairman’s notes “No further discussion on the modification on the design or configuration for support of CSI-RS for non-BL CE UEs in CE mode A in Rel-16. The baseline is Rel-15 CSI-RS”.
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.
[bookmark: _Hlk3980526][bookmark: _Hlk6125783]Table 7.2.4-1: Codebook for 1-layer CSI reporting using antenna ports 15 to 22
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2.1.1.2	Reporting mode for PMI feedback
The “CSI-RS based CSI feedback” should use a reporting mode that is also compliant with the set of agreements reached in RAN1 #96 (e.g., only TM9 is supported, 8 CSI-RS ports, RI is fixed to 1 if included in the reporting). Moreover, the simulation results in [8], showed gains using PMI feedback. Hence, the legacy “periodic reporting mode with PUCCH 1-1 for TM9” which can report PMI feedback was agreed to be re-used as per the following agreement “Periodic CSI report mode 1-1 is supported for non-BL UE in CE mode A”, letting as “-	FFS: Details”, which basically refer to the support of submode 1 and/or submode 2.
In relation to the FFS, for TM9: Mode 1-1, TS 36.213 states the following [10]:
[bookmark: _Hlk9592912]For a UE configured with transmission mode 9 or 10, and with 8 CSI-RS ports, …, mode 1-1 is configured to be either submode 1 or submode 2 via higher-layer signaling using the parameter PUCCH_format1-1_CSI_reporting_mode.
The characteristics of the submodes are summarized below:
· PUCCH 1-1 submode 1 for 8 CSI-RS ports: “Joint encoding of rank and first precoding matrix indicator [image: ] for PUCCH mode 1-1 submode 1 for 8 CSI-RS ports is defined in Table 7.2.2-1E.”

Table 7.2.2-1E: Joint encoding of RI and [image: ] for PUCCH mode 1-1 submode 1
	Value of joint encoding of RI and the first PMI
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	RI
	Codebook index [image: ]

	0-7
	1
	[image: ]

	8-15
	2
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	16-17
	3
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	18-19
	4
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	20-21
	5
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	22-23
	6
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	24-25
	7
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	26
	8
	0

	27-31
	reserved
	NA




· PUCCH 1-1 submode 2 for 8 CSI-RS ports: “The sub-sampled codebook for PUCCH mode 1-1 submode 2 for 8 CSI-RS ports is defined in Table 7.2.2-1D for first and second precoding matrix indicator [image: ] and [image: ].”

[bookmark: _Hlk6330193]Table 7.2.2-1D: PUCCH mode 1-1 submode 2 codebook subsampling
	RI
	Relationship between the 
first PMI value and codebook index [image: ]
	Relationship between the 
second PMI value and codebook index [image: ]
	total

	
	Value of the first PMI [image: ]
	Codebook index [image: ]
	Value of the second PMI[image: ]
	Codebook index [image: ]
	#bits

	1
	0-7
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	0-1
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	4

	2
	0-7
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	3
	0-1
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	4
	0-1
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	5
	0-3
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	 0
	2

	6
	0-3
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	2

	7
	0-3
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	0
	 0
	2

	8
	0
	 0
	0
	 0
	0



In [12], the difference between submode 1 and submode 2 was depicted as follows.




Figure 1: mode 1-1, comparison between submode 1 and submode 2 [11].
Recently, in RAN1 #98 it has been agreed to support the submode1.
	Agreement
At least submode 1 is supported for PUCCH mode 1-1 for non-BL UEs in CE mode A
· Further consider the additional support of submode 2

	Agreement
Assuming RI=1, Table 7.2.2-1E 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. 




What remains open is whether to support submode 2. In [12] it has been argued that submode 2 leads to a worst performance than submode 1 and even than “CRS based 4Tx PMI feedback”. However, simulation results presented in [13] show that submode 2 outperforms “CRS based 4Tx PMI feedback”.
In our view, since both submodes are supported by legacy UEs (recall that in RAN1 #96bis it was concluded that “The baseline is Rel-15 CSI-RS”), and due that there might deployments using submode 2 regardless of its performance with respect to submode 1, from our perspective both submodes should be re-used to support “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
[bookmark: _Toc21090339]As in legacy, mode 1-1 is configured to be either submode 1 or submode 2 via higher-layer signalling for supporting “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
[bookmark: _Toc21090340]Submode 2 is supported as in legacy by just pointing out to the case when RI=1 in Table 7.2.2-1D.
· [bookmark: _Toc21090341]The RI, which in legacy is reported in a separate subframe, is not transmitted.
2.2	ETWS/CMAS in connected mode
RAN2 has also been discussing potential “CE mode A and B improvements for non-BL UEs”, and has determined that supporting “ETWS/CMAS in connected mode” would be a relevant enhancement. In relation to it, RAN2 prepared a LS to RAN1 containing the following action [14]:
Table 1:LS to RAN1 on ETWS/CMAS in connected mode
	LS: Actions for RAN1

	
1. Whether it is feasible for a non-BL UE in CE in connected mode to monitor MPDCCH to receive ETWS indication and/or CMAS indication using CSS in the same narrowband where unicast transmission can be received?

2. Whether it is possible for a non-BL UE in CE in connected mode to monitor USS and CSS simultaneously in the same narrowband? 


ACTION: RAN2 respectfully asks RAN1 to study and provide answers to the above questions.




In RAN1 #97, the following responses were agreed to be sent as a LS reply [15]:
Table 2: Reply LS to RAN2 on ETWS/CMAS in connected mode
	LS reply on ETWS/CMAS in connected mode

	
· It is feasible for a non-BL UE in CE in connected mode to monitor MPDCCH to receive ETWS indication and/or CMAS indication using Type 0 CSS in the same narrowband where unicast transmission can be received

· It is feasible for a non-BL UE in CE in connected mode to monitor USS and Type 0 CSS simultaneously in the same narrowband 


Agreement
Type 0 CSS is supported in CE mode B
· FFS: Details of DCI format 





The support of “ETWS/CMAS in connected” also impacts RAN1, and recently it has been agreed that DCI Format 3/3A or DCI Format 6-1A/[6-1B] could be used to carry ETWS/CMAS notifications.
In our view, using Format 3 is feasible because it will provide the following advantages:
· It won’t require monitoring of multiple narrowbands.
· It won’t require increased decoding capability in the UE.
· It won’t require new channel encoding/decoding to be specified or implemented.
· It won’t require to specify a new RNTI (to address multiple UEs).
· The specification impact is confined to only one field in DCI Format 3 (i.e., the impact in other Formats such 6-1A/[B] is larger since most of the legacy fields other than the one used for ETWS/CMAS indication would have to be set e.g., to zero).

DCI Format 3 is foreseen to be used rather than Format 3A since 2-bits will be required to indicate the following:
01 refers to etws-Indication as defined in TS36.331.
11 refers to cmas-Indication as defined in TS36.331.
00 refers to both etws-Indication and cmas-Indication as defined in TS36.331.
10 refers to neither etws-Indication nor cmas-Indication.
2.2.1	Support of ETWS/CMAS in connected mode in CE Mode A
The DCI Format 3 (using CSS, Type 0) today contains “N” TPC values consisting of 2 bits each, which are intended to “N” different UEs. Thus, for introducing “ETWS/CMAS” notifications, 1 out of N fields would be repurposed, meaning that DCI Format 3 would contain (N-1) TPC command fields and 1 ETWS/CMAS notification field. In this case, each UE should be able to receive both a TPC command and ETWS/CMAS notifications. Moreover, the TPC command number that will carry ETWS/CMAS notifications has to be carefully chosen. This since depending on system’s bandwidth and the CE Mode, the number of TPC commands that can be carried by DCI Format 3 varies. In relation to it, TS 36.212 states the following [16]:

	“The following information is transmitted by means of the DCI format 3:
- TPC command number 1, TPC command number 2,…, TPC command number N
where [image: ], and where [image: ] is equal to the payload size of format 0 before CRC attachment when format 0 is mapped onto the common search space, including any padding bits appended to format 0. The parameter tpc-Index or tpc-Index-PUCCH-SCell-r13 provided by higher layers determines the index to the TPC command for a given UE.
If [image: ], a bit of value zero shall be appended to format 3.

For BL/CE UE, Lformat 0 and format 0 are replaced by Lformat 6-0A and format 6-0A, respectively, in the description above.”




[bookmark: _Hlk12646355]Based on what is stated in TS 36.212, below we provide the payload size of format 6-0A for different system bandwidths assuming a Rel-13 FDD DCI, and thereafter we determined the value of “N”.
Table 4: Variable number of TPC commands on DCI Format 3 as a function of the system’s bandwidth in CE Mode A.
	CE Mode A

		BW (MHz)
	1.4
	3
	5
	10
	15
	20

	Bits
	25
	26
	27
	28
	29
	29



		BW (MHz)
	1.4
	3
	5
	10
	15
	20

	N
	12
	13
	13
	14
	14
	14






Based on the above, it is possible to identify bandwidth-dependent and bandwidth independent solutions:
Table 5: bandwidth-dependent and bandwidth independent solutions to re-purpose a TPC command number/2-bit field to carry “ETWS/CMAS” notifications on DCI Format 3 in connected mode.
	CE Mode A

	0. Bandwidth Independent Solution:
0. TPC command number m could be fixed in the standard (e.g. to TPC command number 1, or any TPC command number in the range #1…#12). 

	0. Bandwidth Dependent Solutions:
1. TPC command number m could be indicated in RRC (in the range #1…#14). 
1. TPC command number m could be fixed in RRC as the maximum index depending on the system’s bandwidth (i.e., #12, #13, or #14).




From the possible solutions illustrated in table 5, in our opinion a solution that can be used regardless of the system’s bandwidth is preferred. Hence, any TPC command field number in the range #1…#12 can be re-purposed to carry ETWS/CMAS notifications, and it should be up to RAN2 to decide whether that index will be indicated via SIB or UE-specific RRC signalling.
[bookmark: _Toc21090347]For supporting “ETWS/CMAS in connected mode” re-purposing 1 out of N TPC fields in DCI Format 3 has been identified as a feasible solution.
[bookmark: _Toc21090348]Towards using DCI Format 3 for “ETWS/CMAS” notifications, it is relevant to note that depending on both the system’s bandwidth and the CE Mode, the number of TPC commands that can be carried by DCI Format 3 varies.
[bookmark: _Toc21090349]In our view, a solution that can be used regardless of the system’s bandwidth is preferred. Hence, any TPC command/2-bit field number in the range #1…#12 can be re-purposed to carry ETWS/CMAS notifications.
[bookmark: _Toc21090342]DCI Format 3 is used for supporting in CE Mode A “ETWS/CMAS in connected mode”, which would contain (N-1) TPC command fields and 1 ETWS/CMAS notification field.
· [bookmark: _Toc21090343]Any TPC command number in the range #1…#12 can be re-purposed to carry ETWS/CMAS notifications. 
· [bookmark: _Toc21090344]RAN2 to decide whether the full range (or a subset) of indices from 1 to 12 can be re-purposed, or only one.
[bookmark: _Toc21090345]It is up to RAN2 to decide whether that index will be indicated via SIB or UE-specific RRC signalling.
2.2.2	On the support of ETWS/CMAS in connected mode in CE Mode B
On the support of ETWS notifications in CE Mode B it is important to be aware that there is a requirement stating that an ETWS notification should be delivered to the UEs within 4 seconds [17]. RAN2 has recently discussed this aspect and has agreed the following:
	- RAN2 understands that UEs in CE Mode B may not be able to acquire ETWS notification within 4 seconds requirement.


[bookmark: _Hlk19618419]
Going deeper into this topic, we found that in the 3GPP TR 22.968 [18], entitled “Technical Specification Group Services and System Aspects; Study for requirements for a Public Warning System (PWS) service” there is a section (i.e., B.1.1.3) dealing with the importance of the delivery time based on statistics, which makes use of the following illustration.



Figure 2: Effect of shortening deliver time
The report states “X-axis shows arrival time of S-wave of the earthquake, and Y-axis shows the number of sensors which measured the S-wave for the same 2.5 seconds of time interval.” The times being compared are described in the TS as follows: 
“Assuming that it takes 5 seconds for the EEW system to estimate the earthquake scale and then issue EEW information after an earthquake happens, delivery time of EEW message is assumed 8 seconds like in the estimation in section B.1.1.2, this graph shows that the EEW message is delivered to only about 37% of disaster areas before S-wave arrives. Then, taking extra time for taking safety measures into account, a delivery time of 8s can provide notification in time in only 13% of disaster areas. 
At this moment, the only thing that 3GPP systems contribute to notify in time a higher percentage of the disaster area is shortening delivery time because both estimation time of earthquake scale and extra time of safety measures are not variable by 3GPP systems. If the delivery time is shortened by 5 seconds, it can deliver the message to 74% of the disaster areas and notify in time in about 37% of disaster areas.”
Note: EEW stands for Earthquake Early Warning.
The cases cited in text above and their connection to Figure 2 are summarized in the Table 6 below.
Table 6: TR 22.968 delivery time summary.
	
	Estimation time of earthquake scale (not variable by 3GPP system)
	Delivery time of EEW message (variable by PWS)
	Extra time of safety measures (not variable)
	

	Assuming that it takes 5 seconds for the EEW system to estimate the earthquake scale and then issue EEW information after an earthquake happens, delivery time of EEW message is assumed 8 seconds.
	5 s
	8 s
	-
	The EEW message is delivered to only about 37% of disaster areas before S-wave arrives

	Assuming that it takes 5 seconds for the EEW system to estimate the earthquake scale and then issue EEW information after an earthquake happens, delivery time of EEW message is assumed 8 seconds, plus extra time for taking safety measures into account
	5 s
	8 s
	5 s
	Can provide notification in time in only 13% of disaster areas

	Delivery time shortened by 5 s in a 3GPP system (with no extra time accounted).

Assuming that it takes 5 seconds for the EEW system to estimate the earthquake scale and then issue EEW information after an earthquake happens, delivery time of EEW message is assumed 3 seconds.

	5 s
	3 s
	-
	it can deliver the message to 74% of the disaster areas.

In Figure B.3 it would be like drawing a rectangle starting by the end of the yellow 3 s arrow.

	Delivery time shortened by 5 s in a 3GPP system (with extra time accounted).

Assuming that it takes 5 seconds for the EEW system to estimate the earthquake scale and then issue EEW information after an earthquake happens, delivery time of EEW message is assumed 3 seconds, plus extra time for taking safety measures into account

	5 s
	3 s
	5 s
	it can deliver the message to 74% of the disaster areas and notify in time in about 37% of disaster areas. 

In Figure B.3 it “overlaps” the yellow rectangle starting by the end of the blue 5 s arrow to the right of the yellow 3 s arrow.



In [19] for CE Mode B the delivery time was estimated to be > 9s.
	 
	Long DRX 
	MPDCCH 
	SIB1-BR 
	SIB10-BR 
	SUM 

	CE Mode A 
	2.56 s 
	0.016 s 
	1.28 s 
	0.25 s 
	4.1 s 

	CE Mode B 
	2.56 s 
	0.256 s 
	> 1.28 s 
	5 s 
	> 9 s 


 
Thus, in CE Mode B only in less than 13% (probably 11% or less) of disaster areas it will be possible to provide the notification in time.

	
	Estimation time of earthquake scale (not variable by 3GPP system)
	Delivery time of EEW message (variable by PWS)
	Extra time of safety measures (not variable)
	

	Assuming that it takes 5 seconds for the EEW system to estimate the earthquake scale and then issue EEW information after an earthquake happens, delivery time of EEW message is assumed >9 seconds, plus extra time for taking safety measures into account
	5 s
	>9 s
	5 s
	In CE Mode B it will be only possible to provide the notification in time in less than 13% of disaster areas



[bookmark: _Toc21090350]The 3GPP TR 22.968, assumes that an estimation time of the earthquake scale of 5 s, a shortened delivery time of the EEW message of 3 s, and 5 s extra time for taking safety measures into account results in providing a notification in time in only 37% of disaster areas.
[bookmark: _Toc21090351]The 3GPP TR 22.968, also assumed that an estimation time of the earthquake scale of 5 s, a delivery time of EEW message of 8 s, and 5 s extra time for taking safety measures into account results in providing notification in time in only 13% of disaster areas. 
· [bookmark: _Toc21090352]The estimate for CE Mode B is expected to be worst, since the foreseen delivery time is expected to be >9s.
Based on the analysis above it is foreseen that only a small percentage of the disaster areas will be able to receive ETWS notifications in time, which makes questionable the support of ETWS/CMAS notification in CE Mode B since its doesn’t come for free as the type 0 CSS and DCI Format 3 are currently not supported in CE Mode B. Therefore, it is better to avoid creating a significant impact on the specifications for supporting notifications that won’t be able to be received in time in most of the disaster areas. 
[bookmark: _Toc21090353]It is foreseen that only a small percentage (less than 13%) of the disaster areas will be able to receive ETWS notifications in time, which makes questionable the support of ETWS/CMAS notification in CE Mode B (especially because its support doesn’t come for free in terms of RAN1 spec impacts).
[bookmark: _Toc21090346]ETWS/CMAS notifications are not supported in CE Mode B. 
3	Conclusion
In the previous sections we made the following observations:

Observation 1	For supporting “ETWS/CMAS in connected mode” re-purposing 1 out of N TPC fields in DCI Format 3 has been identified as a feasible solution.
Observation 2	Towards using DCI Format 3 for “ETWS/CMAS” notifications, it is relevant to note that depending on both the system’s bandwidth and the CE Mode, the number of TPC commands that can be carried by DCI Format 3 varies.
Observation 3	In our view, a solution that can be used regardless of the system’s bandwidth is preferred. Hence, any TPC command/2-bit field number in the range #1…#12 can be re-purposed to carry ETWS/CMAS notifications.
Observation 4	The 3GPP TR 22.968, assumes that an estimation time of the earthquake scale of 5 s, a shortened delivery time of the EEW message of 3 s, and 5 s extra time for taking safety measures into account results in providing a notification in time in only 37% of disaster areas.
Observation 5	The 3GPP TR 22.968, also assumed that an estimation time of the earthquake scale of 5 s, a delivery time of EEW message of 8 s, and 5 s extra time for taking safety measures into account results in providing notification in time in only 13% of disaster areas.
	The estimate for CE Mode B is expected to be worst, since the foreseen delivery time is expected to be >9s.
Observation 6	It is foreseen that only a small percentage (less than 13%) of the disaster areas will be able to receive ETWS notifications in time, which makes questionable the support of ETWS/CMAS notification in CE Mode B (especially because its support doesn’t come for free in terms of RAN1 spec impacts).
 
Based on the discussion in the previous sections we propose the following:
Proposal 1	As in legacy, mode 1-1 is configured to be either submode 1 or submode 2 via higher-layer signalling for supporting “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
Proposal 2	Submode 2 is supported as in legacy by just pointing out to the case when RI=1 in Table 7.2.2-1D.
	The RI, which in legacy is reported in a separate subframe, is not transmitted.
Proposal 3	DCI Format 3 is used for supporting in CE Mode A “ETWS/CMAS in connected mode”, which would contain (N-1) TPC command fields and 1 ETWS/CMAS notification field.
	Any TPC command number in the range #1…#12 can be re-purposed to carry ETWS/CMAS notifications.
	RAN2 to decide whether the full range (or a subset) of indices from 1 to 12 can be re-purposed, or only one.
Proposal 4	It is up to RAN2 to decide whether that index will be indicated via SIB or UE-specific RRC signalling.
Proposal 5	ETWS/CMAS notifications are not supported in CE Mode B.
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