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1	Introduction
The Rel-16 work item [1] includes the following objective for LTE-MTC enhancement:
· [bookmark: _Hlk515907705]Specify quality report in MSG3 at least for EDT [RAN1, RAN2]
· Specify aperiodic quality report in connected mode using same quality definition as in Msg3 [RAN1, RAN2, RAN4]

In RAN1#94, RAN1#94bis, RAN1#95, RAN1#96 the following relevant agreements were made [3]:

RAN1#94:
	R1-1809527	Feature summary of 6.2.1.5 Support of quality report in Msg3	Samsung	

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

Agreement
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.



RAN1#94bis:
	R1-1811691	Feature summary of 6.2.1.5 Support of quality report in Msg3	Samsung

Agreement
For CE mode A (PRACH CE level 0, 1), the downlink channel quality is down-selected among the following in RAN1#95:
· CQI
· The repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%
· Support both CQI and repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%

Agreement
For CE Mode B, the downlink channel quality reported in Msg3 is denoted as the repetition number that the UE recommends to achieve a hypothetical MPDCCH decoding BLER of 1%

Agreement
CRS may be used as the reference signal for measurement of DL quality metric for measurement report in Msg3.

Agreement
Enabling of DL quality report is indicated in SIB.



RAN1#95:
	R1-1813741	Feature summary of 6.2.1.5 Support of quality report in Msg3	Samsung

Agreement
For CE mode A (PRACH CE level 0, 1), the downlink channel quality is the repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%

Agreement
DL quality report is transmitted via higher layer signaling, e.g. MAC CE or RRC message



RAN1#96:
	R1-1903297	Feature summary of 6.2.1.5 quality report in Msg3 and Connected Mode	Samsung
R1-1903517	Remaining issues on MTC DL quality report	Samsung

Agreement
For DL quality report in Msg3:
· If frequency hopping for MPDCCH is enabled, at least wideband DL quality is reported.
· Wideband DL quality is calculated assuming transmission on all narrowband(s) to which the derived repetition number and/or aggregation level relates.
· FFS if additionally reports DL quality on a preferred narrowband and/or position of the preferred narrowband.
· If frequency hopping for MPDCCH is disabled, DL quality based on one narrowband is reported.

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.

Agreement:
For DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1):
· If the repetition number in DL quality information is larger than 1, only repetition number is reported with pre-defined maximum aggregation level;
· If the repetition number in DL quality information equals to 1, FFS between: 
· Only aggregation level is reported with pre-defined repetition number equals to 1
· Repetition number equals to 1 is reported with pre-defined [maximum] aggregation level



RAN1#96bis:
	R1-1905581	Feature summary of DL quality report in MTC 	Samsung
R1-1905589	Remaining issues on DL quality report in MTC	Samsung
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.
R1-1905592	[DRAFT] Draft LS on channel quality report in Msg3 for NB-IoT and LTE-M	Huawei, HiSilicon
The LS is endorsed in R1-1905593

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#103bis, RAN2#104, RAN2#105 and RAN2#105bis the following relevant agreements were made [2]:

RAN2#103bis agreements:
· Quality report in Msg3 is introduced for EDT. FFS for non-EDT.

RAN2#104 agreements:
· RAN2 waits for progress on the discussion of MT-EDT before deciding on whether channel quality report in Msg3 is introduced for EDT.
· Channel quality report in Msg3 is introduced for non-EDT.

RAN2#105 agreements:
· 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.

RAN2#105bis agreements:
· eLCID based solution is not supported.
· A new LCID is used for eMTC pending approval in the main room.
· IoT informs the main room regarding the pending agreement above and the alternatives, e.g. to use one of LCID values reserved for NB-IoT or sidelink.

During RAN2#105 it was agreed to define a MAC CE based solution for Msg3 Quality Report at least for EDT. To avoid additional complexity, we aim to define a single solution for both non-EDT and EDT case and for both Msg3 and connected mode reporting. Furthermore, in RAN2#105bis it was agreed that a new LCID will be used for the quality report MAC CE. In this paper we present a complete solution taking into account all the aforementioned agreements.
[bookmark: _Ref178064866]2	Discussion
RAN1 has not agreed on the exact information to carry in Msg3 quality report and in particular on the number of bits needed to carry such information. In RAN2#105bis an LS [6] was sent to inform RAN1 and RAN4 about two available options, one avoids the use of the MAC CE in case 2 bits are sufficient for the report, the other one uses the MAC CE and provides up to 8 bits for the quality report.
We believe that 2 bits are never enough for the quality report; therefore, in the remainder of this paper, we consider the MAC CE solution only for all cases.
Also, we don’t provide further details on the content of the MAC CE as RAN1 agreements are pending.
[bookmark: _Toc7697958]Wait for further agreements from RAN1/RAN4 to decide on the quality report content
[bookmark: _Hlk533079526]2.1	Quality Report MAC CE
The introduction of a new MAC CE requires the definition of a new LCID to be included in the corresponding R/F2/E/LCID MAC sub-header, as depicted in Figure 1. For example, “10001” can be chosen for this scope, so Table 6.2.1-2 in [4] can be modified as follows.

	Codepoint/Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011
	CCCH

	01100
	CCCH

	01101
	CCCH and Extended Power Headroom Report

	01110-01111
	Reserved

	10000
	Extended logical channel ID field

	10001
	DL Quality Report

	10010
	AUL confirmation (4 octets)

	10011
	AUL confirmation (1 octet)

	10100
	Recommended bit rate query

	10101
	SPS confirmation

	10110
	Truncated Sidelink BSR

	10111
	Sidelink BSR

	11000
	Dual Connectivity Power Headroom Report

	11001
	Extended Power Headroom Report

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding




[bookmark: _Ref800143]Figure 1: Quality Report MAC CE subheader
[bookmark: _Toc7697959]LCID “10001” is used for DL Quality Report MAC CE
Notice that LCID “10001” can be used also by NB-IoT for the corresponding Quality Report in connected mode as discussed further in [7].
The baseline MAC CE is of fixed length (1 octet), therefore the length field (L) in the sub-header is not needed and the sub-header consists only in the fields R/F2/E/LCID (1 octet).
2.2	UE behaviour depending on UL Grant
In the past meetings some companies expressed concerns regarding the increased energy consumption of legacy UEs and UEs not capable of quality reporting due to the increased TBS. In fact, since the eNB does not have a way to know in advance if a UE will transmit or not the quality report, in order to guarantee a large enough TBS it has to blindly assign it to all UEs performing non-EDT access.
We propose the following behaviour for each UE to follow
[bookmark: _Toc7697960]Quality Report MAC CE is included in Msg3 only if TBS given in the UL grant is large enough. Otherwise it is not included.
In this way it is possible for the MNO to configure the eNB in such a way that a minimal TBS is assigned if energy efficiency is the main concern or to assign a larger TBS if the transmission of the quality report has priority over the energy efficiency.
Below we describe in more detail the expected UE and eNB behaviour in various cases.
· Non-EDT access with truncatedResumeID configured in SI – In this case all the possible RRC messages sent in Msg3 have the same length, 48 bits. The eNB can either grant 56 bits preventing any quality report to be sent, or to grant 72 bits allowing all capable UEs to transmit the quality report. In the latter case the non-capable UEs will pad the last bits of the MAC PDU.
· Non-EDT access with fullResumeID configured in SI – In this case the possible RRC messages sent in Msg3 are 48 bits long with the exception of RRCConnectionResumeRequest which is 64 bits long. The eNB, as an energy saving strategy, can grant 72 bits to all UEs. If a UE wants to transmit RRCConnectionResumeRequest it will not transmit the quality report, otherwise there would be enough space to fit also the quality report. In order to guarantee the transmission of the quality report, the eNB can grant 88 or more bits.
· MO-EDT access – If a UE is capable of performing a MO-EDT access firstly it will compare the number of bits in the pending transmission with the maximum TBS broadcasted by the eNB. In case the pending data can fit in the maximum TBS the MO-EDT access is performed, otherwise a traditional access will be performed. Then, based on the actual number of bits to be transmitted, the UE can choose a smaller TBS to use when building the MAC PDU among a broadcasted list of TBSs. In this way the UE will transmit using less PRBs, and the eNB will perform blind decoding to identify the actual TBS used and decode correctly the TB.
We propose that when considering whether to perform the MO-EDT or not and the appropriate TBS to use for the transmission the UE considers the total amount of bits needed for both data and quality report, and therefore the quality report is always sent.
· Connected mode – Once the UE receives a trigger for the aperiodic quality report (See section 2.3 for further details) the UE multiplex the quality report in the next UL transmission. The eNB provides an appropriate TBS considering also other pending UL data. As a consequence, the quality report is always sent. 
Considering the discussion, we propose the following:
[bookmark: _Toc7697961]For non-EDT access, it’s up to the eNB to decide whether to provide the legacy or the prolonged TBS
[bookmark: _Toc7697962]The total number of bits of data and quality report combined is considered to decide whether to start a MO-EDT access or not and to determine the actual TBS used by the UE. Consequently, the quality report is always sent
[bookmark: _Toc7697963]Wait for further progresses on MT-EDT to decide on UE behaviour in this case
[bookmark: _Toc7697964]For connected mode reporting, the eNB, after the trigger, provides for the next UL transmission a TBS large enough to have the quality report included. Consequently, the quality report is always sent
2.3	Triggering options for connected mode
The aperiodic reporting should be activated through a trigger sent by the network. Several options allowing different levels of complexity and flexibility can be defined regardless of the actual implementation of the report message.
· Option 1: By default (in each uplink transmission, or in a subset): The feature may be enabled or disabled for all the capable UEs by setting a bit in a broadcast message and possibly specifying other parameters. All the UEs should report in each uplink transmission or in a preconfigured subset of them. In this case the aperiodic trigger is implicit and does not require the extension of other messages. 
· Option 2: By defining/extending DCI/L1 signalling: Another option is to use existing DCIs or define new ones to carry the quality report trigger. For a UE in CEmodeA, the CSI request bit can be used, as it is, to trigger both the L1 CQI report and the quality report. Otherwise a new DCI format may also be defined for UL scheduling including a trigger bit. Once the DCI is received the report is sent in the next scheduled UL transmission. In this case the network has to take into account the report size to assign the appropriate TBS. This option would avoid allocating further LCIDs (see Option 3) and to maintain delay and complexity low (see Option 4).
· Option 3: By defining a new MAC CE: A further option could be to trigger the report through a MAC CE. Unless RAN1 defines further configuration parameters that should be carried in the trigger message, the MAC CE would not require any payload, resulting in a MAC CE with fixed length 0. This means that the overhead on the downlink message carrying the MAC CE is only 8 bits due to the subheader. Notice that similar MAC CEs with empty payload, for instance DRX Command (Section 6.1.3.3 of [4]), have already been standardized. A new LCID should be defined to identify this MAC CE and, according to Table 6.2.1-1 of [4], 6 LCIDs are currently reserved.
· Option 4: By creating a dedicated RRC message: Finally, another option is to create new RRC messages to trigger and report mechanism. The trigger might contain parameters for the measurement such as the set of narrowbands to measure, time duration or parameters to build an aggregated report referred to the narrowbands measured. The trigger RRC message may be sent through SRB1, DCCH logical channel and using RLC-SAP AM. According to [5], the DL-DCCH-Message can be extended using one of the spare code points. Extending this message will result in 5 bits of overhead due to the encoding of the right option (1 bit for c1 choice and 4 bits for the message choice) in addition to the further headers introduced by L2 protocols.
In the following proposal we summarize the options in order of preference, from the most to the least preferred one.
[bookmark: _Toc4599510][bookmark: _Toc7697965][bookmark: _Toc346142][bookmark: _Toc961697]The measurement can be triggered according to the following options in order of our preference:
a. [bookmark: _Toc4599511][bookmark: _Toc7697966]by defining a new MAC CE (Option 3)
b. [bookmark: _Toc4599512][bookmark: _Toc7697967]by defining/extending DCI/L1 signalling (Option 2)
c. [bookmark: _Toc4599513][bookmark: _Toc7697968][bookmark: _Toc4599514]by creating a dedicated RRC message (Option 4)
d. [bookmark: _Toc7697969]by default (in each uplink transmission, or in a subset) (Option 1)
2.4	Signalling
It was agreed that quality report should be enabled through signalling in SIB. We propose to modify SIB2 similarly to what was done for NB-IoT.
For connected mode it may be necessary to enable the feature depending on which option is agreed for the trigger. In some cases it is necessary, in some other the trigger itself can be considered as an indication that connected mode reporting is enabled.
[bookmark: _Toc7697970]Quality Report in Msg3 is enabled through signalling in SIB2
[bookmark: _Toc7697971]Wait for decision on trigger mechanism to decide on connected mode signalling
Conclusion
In the previous sections we made the following observations: 
No table of figures entries found.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Wait for further agreements from RAN1/RAN4 to decide on the quality report content
Proposal 2	LCID “10001” is used for DL Quality Report MAC CE
Proposal 3	Quality Report MAC CE is included in Msg3 only if TBS given in the UL grant is large enough. Otherwise it is not included.
Proposal 4	For non-EDT access, it’s up to the eNB to decide whether to provide the legacy or the prolonged TBS
Proposal 5	The total number of bits of data and quality report combined is considered to decide whether to start a MO-EDT access or not and to determine the actual TBS used by the UE. Consequently, the quality report is always sent
Proposal 6	Wait for further progresses on MT-EDT to decide on UE behaviour in this case
Proposal 7	For connected mode reporting, the eNB, after the trigger, provides for the next UL transmission a TBS large enough to have the quality report included. Consequently, the quality report is always sent
Proposal 8	The measurement can be triggered according to the following options in order of our preference:
a.	by defining a new MAC CE (Option 3)
b.	by defining/extending DCI/L1 signalling (Option 2)
c.	by creating a dedicated RRC message (Option 4)
d.	by default (in each uplink transmission, or in a subset) (Option 1)
Proposal 9	Quality Report in Msg3 is enabled through signalling in SIB2
Proposal 10	Wait for decision on trigger mechanism to decide on connected mode signalling
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