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1	Introduction
The Rel-16 work item description (WID) on “Additional MTC enhancements for LTE” [1] includes the following objectives for improvement of DL transmission efficiency and/or UE power consumption for BL/CE UEs.
· [bookmark: _Hlk515907705]Specify quality report in Msg3 at least for EDT [RAN1, RAN2, RAN4]
· Specify aperiodic quality report in connected mode using same quality definition as in Msg3 [RAN1, RAN2, RAN4]
	
[bookmark: _Hlk7523812]Earlier RAN1 and RAN2 agreements are listed in [2] and Section 1.6 of [3], respectively. The contributions to the previous RAN1 meeting are summarized in [4][5]. RAN1 and RAN2 have exchanged LSs in [6][7][8]. In this contribution, we discuss remaining aspects of quality reporting for LTE-MTC.
[bookmark: _Ref178064866]2	Discussion
2.1	Quality reporting not in Msg3 in connected mode
RAN1#96 made the following agreement:
For DL quality report in connected mode
· DL quality is with respect to USS for both CE mode A and CE mode B.
· DL quality is measured at least on narrowband(s) on which MPDCCH of USS is monitored.

In connected mode, in the DL a UE is monitoring MPDCCH search space(s) for DCI and/or receiving PDSCH. Due to the bandwidth limitations for Cat-M1 UEs, it cannot be assumed that it is possible to monitor more than one narrowband at the same time. Therefore, if the UE is instructed to monitor a narrowband different than the current one it is monitoring, a measurement gap needs to be provided. However, it is complicated to provide a measurement gap, as it fragments the DL resource. Also, for the UE is in CE mode B, the gap would need to be long to achieve the required measurement accuracy. Therefore, from UE perspective, it is beneficial to perform measurement at the same narrowband it is currently operating on. Hence, we have the following proposal, which simply removes the words “at least” from the quoted RAN1#96 agreement.
[bookmark: _Toc21102331]DL quality is measured on narrowband(s) on which MPDCCH of USS is monitored.

RAN2#107 made the following agreements for quality reporting in connected mode in LTE-MTC:
Explicit signaling is introduced to trigger the aperiodic DL quality report in connected mode. FFS whether DCI or MAC CE.
MAC CE is used to provide the aperiodic DL quality report in connected mode.

RAN2 has furthermore made the following agreements for quality reporting in connected mode in NB-IoT:
Quality report in connected mode is transmitted on demand.
The trigger command is defined as a MAC CE with empty payload and one of the reserved LCID is used.
The DL channel quality of the configured carrier in RRC connected mode is reported by MAC CE.

The aperiodic on-demand report is reported in MAC CE in both LTE-MTC and NB-IoT, and it has been agreed that it is triggered by MAC CE in NB-IoT, so it makes sense that it is also triggered by MAC CE in LTE-MTC.
[bookmark: _Toc21102332]Aperiodic on-demand DL channel quality reporting in connected mode is triggered by MAC CE (i.e. not triggered by DCI).

2.2	Quality reporting in Msg3 in connected mode
RAN1#98 made the following agreements and working assumption:
· For DL quality report not in Msg3 in connected mode, DL quality report is configured by UE-specific RRC signaling.
· For DL quality report in Msg3 in connected mode, the configuration of DL quality report is selected between in RAN1#98bis:
· SIB
· Reuse the configuration of DL quality report in Msg3 in IDLE mode
· UE-specific RRC signaling 
· Reuse the configuration of DL quality report not in Msg3 in connected mode
· Working Assumption:
If DL quality report in Msg3 in connected mode is enabled by higher layer configuration, UE always report DL quality in Msg3 in connected mode.

For NB-IoT, RAN2 informed RAN1 about the following in the LS in [9]:
RAN2 would like to inform RAN1 that RAN2 has agreed to use a MAC CE mechanism to trigger the report and to report the channel quality in connected mode. RAN2 would also like to highlight that, from RAN2 point of view, there is no channel quality reporting in MSG3 in connected mode. […]
RAN2#107 agreements:
Quality report in connected mode is transmitted on demand.
No implicit trigger is supported.
The trigger command is defined as a MAC CE with empty payload and one of the reserved LCID is used. […]
From RAN2 point of view, there is no need for a physical layer trigger for DL channel quality in connected mode.
From RAN2 point of view, there is no need for DL channel quality reporting (for RAR or unicast carrier) in MSG3 in connected mode. […]

Regarding the configuration of DL quality reporting in Msg3 in connected mode, we think that RAN2 can decide whether to reuse the configuration of DL quality reporting in Msg3 in idle mode or the configuration of DL quality reporting not in Msg in connected mode. Also, if RAN2 sees some reason to no support DL quality reporting in Msg3 in connected mode, RAN2 can decide to not support it.
[bookmark: _Toc21102333]Leave it to RAN2 to decide whether DL quality reporting in Msg3 in connected mode should be supported and, if so, whether its configuration should reuse the configuration of DL quality reporting in Msg3 in idle mode or the configuration of DL quality reporting not in Msg3 in connected mode. 
Regarding the RAN1 working assumption (“If DL quality report in Msg3 in connected mode is enabled by higher layer configuration, UE always report DL quality in Msg3 in connected mode”), we prefer to either revert the RAN1 working assumption and leave the decision up to RAN2 or at least ask RAN2 to confirm the RAN1 working assumption.
[bookmark: _Toc21102334]Revert the RAN1 working assumption (“If DL quality report in Msg3 in connected mode is enabled by higher layer configuration, UE always report DL quality in Msg3 in connected mode”) and leave the decision up to RAN2.

2.3	Wideband reporting in frequency hopping case
RAN1#98 made the following agreements:
For IDLE mode DL quality report in Msg3 in CE mode A with up to 8 bits, if frequency hopping for MPDCCH is enabled, 
· Only wideband DL quality is reported.

Corresponding agreements are needed also for the CE mode B case and the CONNECTED mode cases.
[bookmark: _Toc21102335]For IDLE mode DL quality report in Msg3 in CE mode B with up to 8 bits, if frequency hopping for MPDCCH is enabled, only wideband DL quality is reported.
[bookmark: _Toc21102336]For CONNECTED mode DL quality report in CE mode A or B with up to 8 bits, if frequency hopping for MPDCCH is enabled, only wideband DL quality is reported.

2.4	Fixed range of DL quality information with up to 8 bits
RAN1#98 made the following agreements:
· For IDLE mode DL quality report in Msg3 in CE mode A with up to 8 bits, if the repetition number in DL quality information equals to 1
· Repetition number =1 is reported with aggregation level
· A common table is used for CE mode A and B

As proposed in [10], the table can be similar as the existing NB-IoT table in Table 9.1.22.15-1 in 36.133 [11]. An example is shown in Table 1.
[bookmark: _Ref20863905]Table 1: Downlink channel quality measurement report mapping using 4 bits
	Reported level
	Reported value
	MPDCCH repetition level
	MPDCCH aggregation level

	0
	noMeasurement
	No measurement reporting
	No measurement reporting

	1
	candidateRep-A
	1
	1

	2
	candidateRep-B
	1
	2

	3
	candidateRep-C
	1
	4

	4
	candidateRep-D
	1
	8

	5
	candidateRep-E
	1
	12

	6
	candidateRep-F
	1
	16

	7
	candidateRep-G
	1
	24

	8
	candidateRep-H
	2
	24

	9
	candidateRep-I
	4
	24

	10
	candidateRep-J
	8
	24

	11
	candidateRep-K
	16
	24

	12
	candidateRep-L
	32
	24

	13
	candidateRep-M
	64
	24

	14
	candidateRep-N
	128
	24

	15
	candidateRep-O
	256
	24



[bookmark: _Toc21102337]Adopt Table 1 for the fixed range of DL quality information using 4 bits in Msg3 in idle mode
[bookmark: _Toc21102338]Adopt Table 1 for the fixed range of DL quality information using 4 bits in connected mode.

2.5	Adaptive range of DL quality information with 2 bits
RAN1#98 made the following agreements:
· Specify DL quality information with up to 8 bits for DL quality report in Msg3 report non-EDT case.
· In addition to the 8-bit DL quality report, DL quality report with 2 bits is supported for non-EDT case
· FFS: Details on the range of DL quality information for the 2-bit case
· If the quality reporting in Msg-3 is configured in SIB
· If the scheduled TBS is large enough for inclusion of the 8-bit DL quality report, the 8-bit DL quality report is used
· Otherwise, the 2-bit DL quality report is used.

As proposed in [10], the table can be similar as the existing NB-IoT table in Table 9.1.22.15-2 in 36.133 [11]. An example is shown in Table 2, where Rmax is assumed to be the maximum number of MPDCCH repetitions configured for Type2-CSS for the PRACH CE level, the assumed MPDCCH aggregation level is 24, and the three numerical reported values have been chosen to represent Rmax/2, Rmax, and 2×Rmax.
[bookmark: _Ref20863956]Table 2: Downlink channel quality measurement report mapping using 2 bits
	Reported level
	Reported value
	MPDCCH repetition level
	MPDCCH aggregation level

	0
	noMeasurement
	No measurement reporting
	No measurement reporting

	1
	candidateRep-1
	max(1, Rmax/2)
	24

	2
	candidateRep-2
	Rmax
	24

	3
	candidateRep-3
	min(2×Rmax, 256)
	24



[bookmark: _Toc21102339]Adopt Table 2 for the adaptive range of DL quality information using 2 bits in Msg3 in idle mode.

Finally, it would be beneficial to capture the RAN1 agreements should be captured in LS to RAN2 and RAN4.
[bookmark: _Toc21102340]Capture RAN1 agreements in LS to RAN2 and RAN4.
3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	DL quality is measured on narrowband(s) on which MPDCCH of USS is monitored.
Proposal 2	Aperiodic on-demand DL channel quality reporting in connected mode is triggered by MAC CE (i.e. not triggered by DCI).
Proposal 3	Leave it to RAN2 to decide whether DL quality reporting in Msg3 in connected mode should be supported and, if so, whether its configuration should reuse the configuration of DL quality reporting in Msg3 in idle mode or the configuration of DL quality reporting not in Msg3 in connected mode.
Proposal 4	Revert the RAN1 working assumption (“If DL quality report in Msg3 in connected mode is enabled by higher layer configuration, UE always report DL quality in Msg3 in connected mode”) and leave the decision up to RAN2.
Proposal 5	For IDLE mode DL quality report in Msg3 in CE mode B with up to 8 bits, if frequency hopping for MPDCCH is enabled, only wideband DL quality is reported.
Proposal 6	For CONNECTED mode DL quality report in CE mode A or B with up to 8 bits, if frequency hopping for MPDCCH is enabled, only wideband DL quality is reported.
Proposal 7	Adopt Table 1 for the fixed range of DL quality information using 4 bits in Msg3 in idle mode
Proposal 8	Adopt Table 1 for the fixed range of DL quality information using 4 bits in connected mode.
Proposal 9	Adopt Table 2 for the adaptive range of DL quality information using 2 bits in Msg3 in idle mode.
Proposal 10	Capture RAN1 agreements in LS to RAN2 and RAN4.

[bookmark: _In-sequence_SDU_delivery]References
RP-191356, “Revised WID: Additional MTC enhancements for LTE”
R1-1909822, “RAN1 agreements for Rel-16 Additional MTC Enhancements for LTE”
R2-1911575, “RAN2 agreements for Rel-16 additional enhancements for NB-IoT and MTC”
R1-1909584, “Feature summary of DL quality report in MTC”
R1-1909739, “Remaining issues on DL quality report in MTC”
R1-1905593, “LS on channel quality report in Msg3 for NB-IoT and LTE-M”, RAN1
R2-1905471, “LS on quality report in Msg3 for LTE-M”, RAN2
R1-1909793, “Reply LS on quality report in Msg3 for LTE-M”, RAN1
R2-1911587, “Reply LS on channel quality report in connected mode for NB-IoT”, RAN2
R1-1908295, “Support of Quality report in Msg3”, Nokia, Nokia Shanghai Bell
36.133 V15.7.0, “Requirements for support of radio resource management (Release 15)”
	4/4	
