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1	Introduction
The Rel-16 work item [1] includes the following objectives 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 and 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


In RAN2#103bis, RAN2#104 and RAN2#105 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.

The definition of the quality report as a MAC CE implies an extension of the minimum TBS granted for Msg3. The eNB does not know if it is a legacy UE at the time of reception of preamble, so an UL grant with a larger TBS is provided in case the UE supports the feature. For a legacy UE this would mean additional padding.
This paper discusses the impact of providing an UL grant with a larger TBS on legacy UEs and UEs that do not support providing channel quality report in Msg3. 

[bookmark: _Ref178064866]2	Discussion
In [4] we discuss several options for the definition of the MAC CE for Quality Report. Each solution implies a different number of additional bits. For the sake of simplicity, we assume the “baseline” solution is adopted. Therefore, in Msg3, 16 additional bits are required for the transmission of the Quality Report. Similar considerations can be done if another option is chosen.
In an optimal implementation of the eNB the minimum TBS is granted based on the information that the eNB has once the preamble is received. Nevertheless, in other implementations of the eNB, a larger TBS may be granted, meaning that legacy UEs are already experiencing a larger overhead during Msg3 than what is strictly needed.
In case EDT is used, the TBS is normally large enough to accommodate both user data over NAS and the Quality Report. In this case, a legacy UE performing EDT access can use all the available bits for user data, whereas a Rel.16 UE would have 16 bits less available for data. Nevertheless, due to the TBS granted in this case, the difference is negligible. Moreover, the only drawback, a slightly smaller amount of bit available for user data, is on Rel.16 UE side which we assume it is acceptable. For this reason, we will consider non-EDT access only in the remainder of this paper.
[bookmark: _Toc4601536]For EDT, in case Quality Report is transmitted, a Rel.16 UE can transmit 16 bit less user data over Msg3. This difference is negligible
In Table 1 we summarize the size of all the possible RRC message transmitted in Msg3 for non-EDT case and the minimum TBS required to perform Msg3 transmission in legacy scenario.

[bookmark: _Ref3559999]Table 1: Size of all possible RRC messages and minimum Legacy Msg3 TBS required
	
	CCCH MAC SDU size [bit]
	Minimum TBS 
[bit]

	RRCConnectionRequest
	48
	56

	RRCConnectionResumeRequest
(with fullResumeID)
	64
	72

	RRCConnectionResumeRequest 
(with truncatedResumeID)
	48
	56

	RRCConnectionReestablishmentRequest
	48
	56




The only message that requires a bigger TBS is RRCConnectionResumeRequest with fullResumeID. The possibility to use the full or truncated resumeID is configured in SI. Therefore, eNB knows if this message is expected or if it cannot be received.
An optimal implementation of the eNB would schedule a TBS of 56 bit if truncatedResumeID is used and 72 bits if it is not used. In the latter case, in fact, eNB does not know which RRC message will be sent and therefore will assume the worst-case scenario for all the UEs in the network.
If truncatedResumeID is enabled the transmission of Quality Report would always require an extension of Msg3 TBS to 72 bits and all the legacy UEs would need to pad the additional bits.
[bookmark: _Toc4601537]If truncatedResumeID is configured in SI, RRC message is always 48 bits. If eNB schedules an optimal TBS (56 bit) then TBS extension is always required to accommodate the Quality Report
If fullResumeID is configured, then all the UEs will receive a 72 bits TBS. A Rel.16 UE that is not transmitting RRCConnectionResumeRequest can accommodate the Quality Report without an additional TBS extension.
[bookmark: _Toc4601538]In case fullResumeID is configured in SI, a UE that is not transmitting RRCConnectionResumeRequest can accommodate the Quality Report without the need of a TBS extension
Notice that in this case a legacy UE that is not transmitting RRCConnectionResumeRequest would have to include 16 bits of padding in Msg3, the same number of additional bits as a Rel.16 UE sending Quality Report.
Following the aforementioned reasoning, an optimal implementation of eNB which guarantees enough resources to transmit the Quality Report, would have to assume the worst-case scenario if fullResumeID is configured, and should schedule always an 88 bits TBS. This TBS allows to transmit both RRCConnectionResumeRequest and the Quality Report. 
Nevertheless, this means that legacy UEs would have to add 16 additional bits of padding with respect to the legacy 72 bits TBS.
To summarize we observe the following
[bookmark: _Toc4601539]If eNB guarantees enough space to always transmit Quality Report in Msg3, the legacy UEs and the UEs not capable of Quality Report, would experience an increase of at least 16 bits in the granted TBS with respect to not having the feature enabled
Nevertheless, if the eNB grants a larger TBS for Msg3 this would not be true anymore. The legacy UEs would be already experiencing an additional TBS, therefore enabling the Quality Report would not bring an additional overhead to them.
[bookmark: _Toc4601540]If eNB is configured to always provide a larger TBS, 72 bits or more if truncatedResumeID is enabled and 88 bits or more if fullResumeID is enabled, legacy UEs and Rel.16 UEs not transmitting Quality Report would have similar overhead with respect to Rel.16 UEs transmitting Quality Report.
In order to minimize the impact on legacy UE we propose the following
[bookmark: _Toc4601541]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 several strategies can be implemented on eNB side to reduce the impact on legacy UE in those cases where reduced use of resources has priority over the reception of the Quality Report.
For instance, if fullResumeID is configured eNB could always provide 72 bits TBS so that Quality Report could be included if RRCConnectionResumeRequest is not transmitted without any impact on legacy UEs. In case RRCConnectionResumeRequest is transmitted the Quality Report would not be included.
With this mechanism in place it’s up to the MNO to configure the eNB in the most suitable way (i.e.: providing a larger or shorter TBS) according to the scenario. It may decide to trade off energy efficiency with link optimization and viceversa.
[bookmark: _Toc4601542]It’s up to the MNO to configure the eNB in the most suitable way based on the scenario trading off energy efficiency with link optimization.
Another possible strategy to overcome the problem would be to partition the preambles so that UE can request or not additional resources to accommodate the Quality Report. We believe that the additional complexity of this solution is not justifiable with respect to the related benefits. In fact, a UE performing a non-EDT access will most likely stay in connected mode for a prolonged period of time. In order to adjust MPDCCH number of repetitions the connected mode Quality Report can be used.
[bookmark: _Toc4601543]Preamble partitioning is not used

Conclusion
In the previous sections we made the following observations: 
Observation 1	For EDT, in case Quality Report is transmitted, a Rel.16 UE can transmit 16 bit less user data over Msg3. This difference is negligible
Observation 2	If truncatedResumeID is configured in SI, RRC message is always 48 bits. If eNB schedules an optimal TBS (56 bit) then TBS extension is always required to accommodate the Quality Report
Observation 3	In case fullResumeID is configured in SI, a UE that is not transmitting RRCConnectionResumeRequest can accommodate the Quality Report without the need of a TBS extension
Observation 4	If eNB guarantees enough space to always transmit Quality Report in Msg3, the legacy UEs and the UEs not capable of Quality Report, would experience an increase of at least 16 bits in the granted TBS with respect to not having the feature enabled
Observation 5	If eNB is configured to always provide a larger TBS, 72 bits or more if truncatedResumeID is enabled and 88 bits or more if fullResumeID is enabled, legacy UEs and Rel.16 UEs not transmitting Quality Report would have similar overhead with respect to Rel.16 UEs transmitting Quality Report.

Based on the discussion in the previous sections we propose the following:
Proposal 1	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 2	It’s up to the MNO to configure the eNB in the most suitable way based on the scenario trading off energy efficiency with link optimization.
Proposal 3	Preamble partitioning is not used
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