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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 #94 meeting [3], the following agreements were achieved for the DL quality report in MSG3.
	Agreement
· Prioritize the following alternatives for DL quality report in Msg3 in MTC, for CE Mode A and CE Mode B separately:
· CQI (for CE Mode A)
· Repetition number related to UE decoding of actual or hypothetical MPDCCH/PDSCH 
· FFS if aggregation level needs to be reported when repetition number equal to 1
· RSRP/RSRQ
· Companies are encouraged to provide details and/or performance evaluation results
· Whether the DL quality report is included in Msg3 is indicated in SIB and/or RAR. 
· Above applies in case the UE supports DL quality report in Msg3.


In this contribution, we will discuss the motivation and potential issues related to the channel quality reporting in MSG3 for contention based random access procedure, which is not supported in current specifications [2].
Discussion
Motivation and potential benefits
For MTC UEs in idle mode, the scheduling for MPDCCH and PDSCH is based on their selected CE level which is classified by the DL RSRP. Then eNB can roughly obtain the coupling loss UE experienced with a granularity set by the CE level configurations. However, the coupling loss estimated from the CE level is too crude and cannot reflect the channel quantity under interference. The MTC devices may be exposed to high DL interference in practical channel environment, which can result in very low SINR even with high measured DL RSRP. The SINR is important for the eNB to perform link adaptation and the corresponding scheduling procedures. Therefore, it is very important to enable channel quality report in MSG3.
The potential benefits for channel quality report in MSG3 are summarized as follows:
· Promote effective downlink adaptation for MPDCCH which is used to schedule MSG3 retransmission, MSG4 and the first UL transmission after MSG4.
· Support efficient link adaptation for MSG4 PDSCH transmission.
Observation 1: Channel quality reporting in MSG3 is important to support efficient link adaptation for MPDCCH and PDSCH transmissions after MSG3 during the initial access procedure.
Channel quality metrics
According to the agreements in RAN1 #94 meeting, CQI, repetition number and RSRP/RSRQ are prioritized to be the alternatives for channel quality report. We can observe that the metrics mentioned above actually reflect the SINR of the channel in different forms. No obvious pros and cons are observed for different type of report metrics if the number of feedback bits is the same. So it is better to adopt the simpler metric that will have less impacts on the current spec. 
Since CQI table has been defined for CEMode A UEs, it is natural to adopt CQI as the DL quality report metric in Msg3. However, for CEMode B UEs CSI feedback is not supported and no CQI table is defined. Therefore, the three options in the agreements all can be taken into considerations for CEMode B UEs. If CQI is adopted, uniform metrics can be achieved for both CEMode A UEs and CEMode B UEs, but new CQI tables are required. As to the repetition number, the actual MPDCCH of MSG4 is favorable, because the DL channel quality report is mainly for the scheduling of MPDCCH for MSG4. 
Proposal 1: CQI can be defined as the channel quality report in MSG3 for CEMode A UEs and the repetition number related to UE decoding of actual MPDCCH of MSG4 or CQI can be defined as the channel quality report in MSG3 for CEMode B UEs.
If repetition number is adopted, it is not possible to report the actual needed repetition number due to the limited report bit. The configured maximum repetition number of MPDCCH for MSG4 is given in the following [2]. 
		
mpdcch-NumRepetition-RA-r13				ENUMERATED {r1, r2, r4, r8, r16,
														r32, r64, r128, r256},


When the maximum repetition number r-max is configured, the possible repetition number for MPDCCH of MSG4 ranges from 1 to r-max. So the more bits are used for channel quality report, the granularity of repetition number can be smaller. Therefore, it is a trade-off for the reporting accuracy and the UL report burden. In RAR grant for MSG3 PUSCH repetition number, 2 bits are used for CEMode A and 3 bits are used for CEMode B UEs. Similar bits can be used for MSG3 channel quality report.
Measurement resource definition
Measurement duration
The time and frequency domain resources used for channel quantity measurement should be defined firstly. For the measurement duration, the following two options can be taken into consideration.
· Option 1: Perform the measurement after the DL synchronization procedure and before MSG3 is transmitted.
· Option 2: Perform the measurement after MSG2 and before MSG3 is transmitted. 
The measurement of option 1 can provide a long term average DL channel quantity, which is more stable and accuracy for scheduling. While a relatively short term measurement can be performed using option 2, which just offers a rough estimation of the channel quantity. Therefore the RAN4 requirements and the system performance of option 2 need to be carefully studied. Based on the above discussion, option 1 is prioritized to perform channel quality measurement.
In order to obtain a more accurate DL channel report, it is more favorable to indicate whether DL channel quality measurement is needed in SIB. So that the UE can perform measurement after DL synchronization, which can provide enough time to measure the DL channel. However, the indicator in SIB will trigger all the UEs who is capable of channel quality report in MSG3 to measure or report the DL channel quality. But 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 indicate whether the DL quality report is included in MSG3 in RAR. Furthermore, the indication in RAR also provides further scheduling flexibility.
Proposal 2: Whether to perform DL channel quality measurement is indicated in SIB and whether the DL channel quality is included in MSG3 is indicated in RAR.
Frequency domain resources
Since the DL channel quality report is designed mainly for scheduling the MPDCCH of 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 report 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 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.
Proposal 3: Consider to improve measurement accuracy by limiting the number of measured narrowbands.
Conclusions
In this contribution, both the motivation and the technical issues related to channel quantity reporting in MSG3 are discussed. We have the following observation and proposals:
Observation 1: Channel quality reporting in MSG3 is important to support efficient link adaptation for MPDCCH and PDSCH transmissions after MSG3 during the initial access procedure.
Proposal 1: CQI can be defined as the channel quality report in MSG3 for CEMode A UEs and the repetition number related to UE decoding of actual MPDCCH of MSG4 or CQI can be defined as the channel quality report in MSG3 for CEMode B UEs.
 Proposal 2: Whether to perform DL channel quality measurement is indicated in SIB and whether the DL channel quality is included in MSG3 is indicated in RAR.
Proposal 3: Consider to improve measurement accuracy by limiting the number of measured narrowbands.
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