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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:

	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 agreed to support “Feedback based on CSI-RS [5],” and in RAN1 #96bis the following agreements were reached [6]:

	Feedback based on CSI-RS

	Agreement
[bookmark: _Hlk6125528]CSI-RS based CSI feedback is only supported in TM9

Agreement
The supported number of CSI-RS ports is only 8

Conclusion
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.
	Agreement
[bookmark: _Hlk6125665]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

Agreement 
MPDCCH and PDSCH are punctured around the REs used for the CSI-RS transmission.




On the other hand, RAN2 has sent a LS to RAN1 in relation to introducing “ETWS/CMAS in connected mode” as a CE mode A and B improvement for non-BL UEs. The LS can be found in [7] and contains the following action for RAN1.
	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.




This contribution provides a follow-up on “Feedback based on CSI-RS” and initiates 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 [6], 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 several agreements were reached towards its support [6], and below we provide a follow-up accounting for those agreements.
2.1.2	Setup and model for supporting “Feedback based on CSI-RS”
2.1.2.1	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”.
Based on the above, in our view the legacy “Codebook for 1-layer CSI reporting using antenna ports 15 to 22” described in Table 7.2.4-1 of TS 36.213 is compliant with the above agreements and can be re-used for the support of “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
[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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[bookmark: _Toc7807661][bookmark: _Hlk3987845]To support “Feedback based on CSI-RS” for non-BL UEs in CE mode A the following codebook in TS 36.213 is re-used:
· [bookmark: _Toc7807662]Table 7.2.4-1: Codebook for 1-layer CSI reporting using antenna ports 15 to 22.
2.1.2.2	Reporting mode for PMI feedback
The “CSI-RS based CSI feedback” should use a reporting mode that is complaint 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. Thus, in our view the legacy “periodic reporting mode with PUCCH 1-1 for TM9” which can report PMI feedback should be re-used for the support of “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
[bookmark: _Toc7807640]The “CSI-RS based CSI feedback” should use a reporting mode that is compliant with the recent agreements and the setup (PMI feedback) used to show gains.
[bookmark: _Toc7807663]Periodic reporting mode with PUCCH 1-1 for TM9 is used to support “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
Moreover, in relation to TM9: Mode 1-1, TS 36.213 states the following [9]:
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 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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	0-1
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	4

	3
	0-1
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	0-7
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	4

	4
	0-1
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	0-7
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	4

	5
	0-3
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	0
	 0
	2

	6
	0-3
	[image: ]
	0
	 0
	2

	7
	0-3
	[image: ]
	0
	 0
	2

	8
	0
	 0
	0
	 0
	0




· 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
[image: ]
	RI
	Codebook index [image: ]

	0-7
	1
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	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
	[image: ]

	26
	8
	0

	27-31
	reserved
	NA




In our view, the possibility of configuring mode 1-1 to be either submode 1 or submode 2 via higher-layer signalling should be preserved. Thus, aiming at staying in line with the agreements, the first row (i.e., the one related to RI =1) of both “Table 7.2.2-1D” and “Table 7.2.2-1E” should be used for the support of “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
[bookmark: _Toc7807641]For a UE configured with transmission mode 9, and with 8 CSI-RS ports, mode 1-1 can be configured to be either submode 1 or submode 2 via higher-layer signaling.
[bookmark: _Toc7807664]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: _Toc7807665]Case when RI =1, for both “Table 7.2.2-1D” and “Table 7.2.2-1E”.
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 has prepared a LS to RAN1 containing the following action:
	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 opinion of the source company, below are the answers to the questions in the LS:
· About question 1: At least in CE Mode A, already today it is possible to receive a common type (e.g., Type-0 common) in the same narrowband where unicast transmission can be received. However, this is not applicable for Type-1 common which is the one used for Paging and SI update notifications.

· About question 2: TS 36.213 states that “A BL/CE UE shall monitor a set of MPDCCH candidates on one or more Narrowbands (described in Subclause 6.2.7 of [3]) as configured by higher layer signalling for control information, where monitoring implies attempting to decode each of the MPDCCHs in the set according to all the monitored DCI formats” [9]. However, the specification does not require the UE to simultaneously monitor a set of MPDCCH candidates even in the same narrowband.

Moreover, RAN2 has the following Working Assumption.
	Agreements
- Working assumption: In connected mode non-BL UEs in CE monitor MPDCCH to receive ETWS indication and/or CMAS indication using CSS in the same narrowband where unicast transmission can be received.



On this matter, since the support of “ETWS/CMAS in connected” touches upon RAN1, in [10] one company has already proposed the following:
	“Using DCI format 3/3A to notify the ETWS/CMAS reception for connected mode non-BL UEs in coverage enhancement.“
“one of the multiple TPC commands in DCI format 3/3A is used for notifying the ETWS/CMAS reception and will not be configured to any UEs as TPC command“



In our view, the proposal in [10] 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.

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, and it would be up to RAN2 adding some other index for the repurposed “TPC command field” in such a way that it can be understood by all UEs and can be distinguished from the legacy TPC index.
[bookmark: _Toc7807642]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: _Toc7807643]Using DCI Format 3 for “ETWS/CMAS” notifications has the following advantages: 
[bookmark: _Toc7807644]1.- “It won’t require monitoring multiple narrowbands”
[bookmark: _Toc7807645]2.- “It won’t require an increased decoding capability in the UE”, and 
[bookmark: _Toc7807646]3.- “It won’t require a new channel encoding/decoding to be specified/implemented”.
[bookmark: _Toc7807666]In case DCI Format 3 is used for supporting “ETWS/CMAS in connected mode”, it would contain (N-1) TPC command fields and 1 ETWS/CMAS notification field.
[bookmark: _Toc7807667]In case DCI Format 3 is used for supporting “ETWS/CMAS in connected mode”, it is up to RAN2 to add some other index for the “TPC command field” carrying “ETWS/CMAS notifications” in such a way that it can be understood by all UEs and can be distinguished from the legacy TPC-index.
[bookmark: _Toc7807668]The support of “ETWS/CMAS” in CE Mode B is FFS.
Conclusion
In the previous sections we made the following observations:

Observation 1	The “CSI-RS based CSI feedback” should use a reporting mode that is compliant with the recent agreements and the setup (PMI feedback) used to show gains.
Observation 2	For a UE configured with transmission mode 9, and with 8 CSI-RS ports, mode 1-1 can be configured to be either submode 1 or submode 2 via higher-layer signaling.
Observation 3	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 4	Using DCI Format 3 for “ETWS/CMAS” notifications has the following advantages:
1.- “It won’t require monitoring multiple narrowbands”
2.- “It won’t require an increased decoding capability in the UE”, and
3.- “It won’t require a new channel encoding/decoding to be specified/implemented”.
 
Based on the discussion in the previous sections we propose the following:
Proposal 1	To support “Feedback based on CSI-RS” for non-BL UEs in CE mode A the following codebook in TS 36.213 is re-used:
 Table 7.2.4-1: Codebook for 1-layer CSI reporting using antenna ports 15 to 22.
Proposal 2	Periodic reporting mode with PUCCH 1-1 for TM9 is used to support “Feedback based on CSI-RS” for non-BL UEs in CE mode A.
Proposal 3	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.
 Case when RI =1, for both “Table 7.2.2-1D” and “Table 7.2.2-1E”.
Proposal 4	In case DCI Format 3 is used for supporting “ETWS/CMAS in connected mode”, it would contain (N-1) TPC command fields and 1 ETWS/CMAS notification field.
Proposal 5	In case DCI Format 3 is used for supporting “ETWS/CMAS in connected mode”, it is up to RAN2 to add some other index for the “TPC command field” carrying “ETWS/CMAS notifications” in such a way that it can be understood by all UEs and can be distinguished from the legacy TPC-index.
Proposal 6	The support of “ETWS/CMAS” in CE Mode B is FFS.
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