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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN#80 [1], the following objective was approved for specifying the quality report in MSG3.
	Improved DL transmission efficiency and/or UE power consumption:	
· Specify support for mobile-terminated (MT) early data transmission (EDT) [RAN2, RAN3]
· [bookmark: _Hlk515907705]Specify quality report in MSG3 at least for EDT [RAN1, RAN2]
· Specify MPDCCH performance improvement by using CRS at least for connected mode [RAN1, RAN2, RAN4]
· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]


[bookmark: _Ref129681832]In RAN1#96b meeting [3], the following agreements were achieved for the DL quality report in MSG3.
	Agreement
· DL quality report in Msg3 in IDLE mode and DL quality report in connected mode are configured separately.
· DL quality report in Msg3 in IDLE mode is configured per PRACH CE level or per CE mode in the SI.
· DL quality report in connected mode is configured by UE-specific RRC signaling.

Agreement
· For DL quality report in connected mode, DL quality is transmitted via higher layer signaling, e.g. MAC CE or RRC message.

Working Assumption
For DL quality report in Msg3 for IDLE mode UEs, the narrowband(s) for downlink quality measurement includes at least the narrowband(s) on which MPDCCH of RAR is monitored.

Agreement
For channel quality report in Msg3, RAN1 send LS to RAN2 requesting the following information: 
· Number(s) of available bits for the quality reporting in Msg3
· Whether the quality report in Msg3 is transmitted in RRC or MAC CE
Send LS to RAN2 and CC RAN4. Ask, from RAN2, perspective, whether the above might be different for different cases. Include as part of LS to be handled in the NB-IoT agenda item.

Working Assumption
For DL quality report in CE mode A (PRACH CE level 0, 1), the pre-defined maximum aggregation level is fixed to 24.


In RAN2 #105 [5] the following agreements were achieved.
	UE reports at most one DL quality measurement in Msg3 transmission. This is pending RAN1 agreement.
For EDT, new MAC CE will be defined to report the channel quality in Msg3. FFS whether an LCID (lowest priority) or eLCID is used.
Channel quality in Msg3 is reported with no explicit differentiation on whether the measurement was made in T1 or T2.


In this contribution, we will discuss the remaining issues related to the channel quality reporting in MSG3 both in idle and connected mode.
Discussion
Channel quality metrics
In RAN2#105 meeting, it has been agreed that UE reports at most one DL quality measurement in Msg3 transmission. Therefore, when frequency hopping is enabled, only wideband DL channel quality is reported and no additional DL report is included in MSG3.
Proposal 1: If frequency hopping for MPDCCH is enabled, only wideband DL quality is reported.
Triggering mechanism
The following agreement was achieved in RAN1 #96b meeting:
Agreement
· DL quality report in Msg3 in IDLE mode and DL quality report in connected mode are configured separately.
· DL quality report in Msg3 in IDLE mode is configured per PRACH CE level or per CE mode in the SI.
· DL quality report in connected mode is configured by UE-specific RRC signaling.

The “configured” here can be interpreted as “enabled” or “triggered”. However, for connected mode UEs, using RRC to trigger the aperiodic channel quality report is very inefficient and not acceptable. So in our view, the configured here means “enabled”.
Observation 1: The word “configured” in the following agreement of RAN1 #96b meeting means “enabled” and whether the channel quality is reported depends on the triggering signal.
	Agreement in RAN1 #96b meeting
· DL quality report in Msg3 in IDLE mode and DL quality report in connected mode are configured separately.
· DL quality report in Msg3 in IDLE mode is configured per PRACH CE level or per CE mode in the SI.
· DL quality report in connected mode is configured by UE-specific RRC signaling.
Triggering mechanism for contention-based RACH
In order to provide a stable and accurate DL channel quality report, it has been agreed that enabling of DL quality report is indicated in SIB. However, there may be no need for the UEs with very good channel quality to report, which can be estimated in MSG1, so it is beneficial to trigger the inclusion of the DL quality report in MSG3 in RAR.
Proposal 2: Including of the DL channel quality in MSG3 is triggered in RAR.
Triggering mechanism in connected mode
Since CQI has been defined for CEMode A UEs and it is triggered via DCI, the CSI request filed can be reused to trigger channel quality report. For CEmode B a CSI request field can be added to the DCI. Alternatively, MAC CE triggered channel quality report can be adopted with less flexibility compared to DCI triggered mechanism.
Proposal 3: The DL channel quality report in connected mode can be triggered by DCI or MAC CE.
Measurement resource definition
Frequency domain resources
Since the DL channel quality report is designed mainly for the MPDCCH scheduling MSG3/MSG4, the measured frequency resources should at least include the narrowband used for the MPDCCH of MSG3/4. However, the narrowbands allocated to the MPDCCH of MSG3/MSG4 and RAR can be different and the UE cannot exactly know which narrowband is used for the MPDCCH of MSG4 until MSG2 is correctly decoded. As shown in Table 6.2-B and 6.2-H specified in 36.213 [2], four and eight possible MSG3/4 MPDCCH narrowbands are defined relative to the narrowbands used by RAR for non-EDT scenario and for CEMode B in EDT scenario, respectively. All the narrowbands across the system bandwidth can be used by MSG3/4 MPDCCH for CEMode A in EDT scenario. So the UE has to measure all the possible narrowbands before MSG2 is correctly decoded. This largely limits the average measurement duration of each potential narrowband and will have negative impact on the measurement accuracy. For example, if the total measurement duration between the DL synchronization and MSG3 is T, then only T/4 can be allocated to each potential narrowband in non-EDT scenario for channel quality measurement. 
Table 6.2-B: Msg3/4 MPDCCH Narrowband Value for CEmodeA and CEmodeB.
	Value of 'Msg3/4 MPDCCH narrowband index'
	Msg3/4 MPDCCH Narrowband
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Table 6.2-H: Msg3/4 MPDCCH Narrowband Value for CEmodeB and EDT.
	Value of 'Msg3/4 MPDCCH narrowband index'
	Msg3/4 MPDCCH Narrowband

	'000'
	


	'001'
	


	'010'
	


	'011'
	


	'100'
	


	'101'
	


	'110'
	


	'111'
	




The following options can be considered to determine the measured narrowband(s) in advance and increase the measurement duration thus the measurement accuracy of each potential narrowband.
· Option 1: Inform the narrowband used for MPDCCH of MSG3/MSG4 in SIB.
· Option 2: Predefine a mapping rule between the narrowband used for MPDCCH of MSG3/MSG4 and the transmission resources used for RAR.
· Option 3: Define a sub-set of narrowbands possibly used for MPDCCH of MSG3/MSG4 in SIB and indicated the actual used narrowband in RAR.
For option 1, all the MPDCCH of MSG4 will use the same narrowband, which may cause collisions. So option 2 and 3 are preferred. For option 2, once the preamble index is selected, the narrowband used for MPDCCH of MSG4 is determined. But the relationship between the narrowband determined by the preamble index and the narrowband indicated by the RAR should be carefully defined.  As to option 3, the UE still needs to measure all the configured narrowbands, but the number of measured narrowbands can be further reduced. For example, if a sub-set consisting of two narrowbands is configured, the measurement duration can be extended to T/2, which is doubled compared to the non-EDT scenario. The actual used narrowband for MPDCCH of MSG3/MSG4 is within the predefined narrowband sub-set.
Proposal 4: Predefine a set of narrowbands in the SIB for measurement to derive the DL quality report and the predefined set of narrowbands are a sub-set of narrowbands possibly used for MPDCCH of MSG3/MSG4.
Conclusions
In this contribution, both the motivation and the technical issues related to channel quantity reporting in MSG3 are discussed. We have the following observations and proposals:
Observation 1: The word “configured” in the following agreement of RAN1 #96b meeting means “enabled” and whether the channel quality is reported depends on the triggering signal.
	Agreement in RAN1 #96b meeting
· DL quality report in Msg3 in IDLE mode and DL quality report in connected mode are configured separately.
· DL quality report in Msg3 in IDLE mode is configured per PRACH CE level or per CE mode in the SI.
· DL quality report in connected mode is configured by UE-specific RRC signaling.

Proposal 1: If frequency hopping for MPDCCH is enabled, only wideband DL quality is reported.
Proposal 2: Including of the DL channel quality in MSG3 is triggered in RAR.
[bookmark: _GoBack]Proposal 3: The DL channel quality report in connected mode can be triggered by DCI or MAC CE.
[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]Proposal 4: Predefine a set of narrowbands in the SIB for measurement to derive the DL quality report and the predefined set of narrowbands are a sub-set of narrowbands possibly used for MPDCCH of MSG3/MSG4.
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I n  RAN1#9 6 b   meeting   [3] , the following agreements were achieved   for the DL quality report in MSG3 .  
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