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Discussion and decision
1 Introduction

In RAN2#105bis, following agreements were made. RAN2 also sent an LS to RAN1 indicating number of bits available for report in EDT and non-EDT cases.
· - 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.
In RAN1#97, following agreements were made.

	· Specify DL quality information with up to 8 bits for DL quality report in at least

· Msg3 report for EDT case
· Msg3 report for connected mode
· Fixed range of DL quality information is defined for DL quality report with up to 8 bits
For both DL quality report in Msg3 in IDLE mode and DL quality report in connected mode:
· Confirm the following 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.
· For DL quality report in CE mode B (PRACH CE level 2, 3), the pre-defined maximum aggregation level is fixed to 24.
Confirm the following 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.
For DL quality report in connected mode, the mechanism for triggering is based on one or more of the following:
· DCI (e.g. UL grant, PDCCH order)
· MAC CE
For IDLE mode DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1) with up to 8 bits, if the repetition number in DL quality information equals to 1, select one between the following alternatives in RAN1#98 meeting:
· Alternative 1: Repetition number =1 is reported with aggregation level 

· Alternative 2: Repetition number =1 is reported assuming aggregation level of 24
For IDLE mode DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1) with up to 8 bits, if frequency hopping for MPDCCH is enabled, select one between the following alternatives in RAN1#98 meeting:
· Alternative 1: Only wideband DL quality is reported.
· Alternative 2: DL quality on a preferred narrowband and position of the preferred narrowband are reported in addition to wideband DL quality.
The preferred narrowband is selected within the set of narrowband(s) on which wideband DL quality is measured.
For further discussion

· Specify DL quality information with the following size for DL quality report in Msg3 for non-EDT case
· Up to 8 bits if there is enough room in the scheduled TBS, otherwise 2 bits

· Fixed range of DL quality information is defined for DL quality report with up to 8 bits
· Adaptive range of DL quality information is defined for DL quality report with up to 2 bits
· FFS details


In this contribution, we discuss on the details of using MAC CE for the DL quality report in Msg3 in RRC_IDLE and in PUSCH in RRC_CONNECTED. 
2 Discussion
2.1 DL channel quality report in Msg3

Currently in eMTC, the minimum UL grant provided in RAR is 56 bits which is sufficient to transmit a RRC message. When EDT is used, UE receives larger UL grant in RAR which is sufficient to report channel quality in Msg3. It was agreed that MAC CE is used for the report in EDT. In RAN2#105bis meeting, it was agreed that one reserved LCID is used for quality report but how it is used still needs to be clarified. It is beneficial to use a LCID to carry the MAC CE with a dedicated MAC subheader for the quality report. This can also be used to send quality report in connected mode. Also MAC CE for quality report works in either case whether or not the report is prepared before Msg1.
Observation 1. MAC CE for quality report works in either case whether or not the report is prepared before Msg1. The same MAC CE can also be used for the quality report in RRC_CONNECTED.
Proposal 1. The new reserved LCID is used to carry the MAC CE with a dedicated MAC subheader for the quality report.

In RAN1#97 meeting, it is agreed to specify DL quality information with up to 8 bits for DL quality report in at least Msg3 report for EDT case and Msg3 report for connected mode. This indicates that MAC CE of length 1 byte is sufficient for the quality report since there are eight codes to report for the repetition level for MPDCCH. However, what information is included in the MAC CE (i.e., format of the MAC CE) depends on the RAN1 agreement on what needs to be reported for example, repetition number/aggregation level and position of preferred narrowband.

Proposal 2. RAN2 wait for RAN1 progress to define the contents of the quality report MAC CE 

For non-EDT case, legacy UL grant received in RAR may not be sufficient to carry the quality report via L2/L3 signaling. If random access preamble group B exists and is used, UE may receive a larger UL grant in RAR and the quality report can be included in this case. However, preamble group B may not be always used or configured. If full resume ID is configured in the cell, larger UL grant is received in RAR and quality report can be sent by the UE which is not using UP CIoT optimization.
A new mechanism to request a larger minimum UL grant in RAR can be introduced. For this purpose, further PRACH resource partitioning is not preferred, therefore, UE has to rely on either multiple UL grants in RAR (for legacy TBS size and larger TBS size for quality report) or some L1 signaling for which RAN1 impact is foreseen. For simplicity, best effort can be used. If eNB wants the quality report in Msg3, it provides larger UL grant.
Proposal 3. For non-EDT case, additional mechanism to request UL grant for the quality report is not considered and same quality report MAC CE (as described in proposal 1) is included in Msg3 only if larger UL grant is received in RAR.

2 bit quality report for 56 bits of non-EDT UL grant

Use of 2 bit for the DL channel quality report is still under discussion in RAN1. If RAN1 agrees to use 2 bit quality report in Msg3, the same new LCID that is used for new quality MAC CE can be re-used with “R” reserved bit in the MAC subheader to report the 2 bit quality report together with CCCH SDU when the UL grant size is 56 bits as shown in figure 1 below. 
Note that the “R” reserved bit is for future critical enhancement and should NOT be used or impacted for any other LCIDs (i.e., other than the LCID used for channel quality MAC CE).
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Figure 1 Use of the new LCID for both 8 bit quality report MAC CE and 2 bit quality report.
This can also be better understood if we consider the LCID is of length 6 bits (considering 5 bits LCID and 1 bit reserved “R” bit) as shown below.

Table 2 Use of the new LCID for both 8 bit quality report MAC CE and 2 bit quality report

	“R” bit in MAC subheader
	LCID value
	New effective LCID
	description

	“R” = 0 (as legacy)
	Reserved “10001”
	010001
	Fixed 1 byte length quality report MAC CE

	“R” = 1
	Same Reserved “10001”
	110001
	For only this LCID (“10001”), “R” = 1 indicates the MAC PDU contains only one MAC subheader and one CCCH SDU when frequency hopping for unicast is supported 
Plus

“F2” and “E” fields in MAC subheader indicating 2 bits quality report.


Observation 2. When UE receives 56 bits of UL grant for both EDT fallback and non-EDT cases, the new LCID can be used together with reserved “R” bit in MAC subheader to provide 2 bits of quality report in Msg3.

Proposal 4. If RAN1 decides that the 2 bit quality report in Msg3 is used, the new LCID is also used together with reserved “R” field in the MAC subheader to report 2 bits quality report using “F2” and “E” fields indicating the MAC PDU contains only one MAC subheader and one CCCH SDU.

Note that currently three LCIDs are being used for CCCH (i.e., CCCH using LCID "00000", CCCH using LCID "01011", and CCCH using LCID "01100"). Therefore, the BL UE or UE in enhanced coverage either can or cannot indicate IoT bit in Msg3 for supporting frequency hopping for unicast when using the 2 bit quality report using MAC subheader as only one LCID is available for use. 
Proposal 5. RAN2 decide whether or not the 2 bit quality report using MAC subheader is used by the BL UE and UE in enhanced coverage when supporting frequency hopping for unicast.

2.2 DL channel quality report in RRC_CONNECTED

In RAN1#96bis meeting, it was agreed that the aperiodic DL quality report in connected mode is configured by UE-specific RRC signaling. In RAN1#97 meeting, it was agreed that the mechanism for triggering the aperiodic DL quality report is based on one or more of the following:
•
DCI (e.g. UL grant, PDCCH order)

•
MAC CE
However, when the UE starts the measurement to prepare the DL channel quality report, the question is whether this was triggered upon configuration by RRC signalling, DCI or MAC CE. As it is clear that UE capability is needed for eNB to configure UE to send the DL channel quality report in connected mode. It is our understanding that if MAC CE were used for triggering the aperiodic report, UE can have sufficient time to measure and prepare the report and in which case RRC signalling for configuration of DL channel quality report may not be necessary.

However, using MAC CE for triggering the report is not as power efficient and also incurs delay. Therefore, DCI based triggering is faster and has least overhead. For example, in CE mode A, the CSI request field in UL grant field can be interpreted as trigger for the DL channel quality report. However, for CE mode B, new DCI format may be needed which is under discussion in RAN1.

If DCI based triggering is used, the DL channel quality report needs to be configured by RRC signalling (as already agreed by RAN1) such that UE knows whether or not the trigger in the DCI is expected, for example, whether or not the CSI request field in DCI is for DL channel quality request. 

Another benefit of using the RRC signalling configuration and DCI based triggering is that UE is free to make measurements when receiving the PDCCH or using RS any time before receiving the trigger. Whenever, UE detects the trigger in DCI (when PDCCH is received), the latest measurement can be made available at higher layer and MAC PDU can be built for transmission. 
Proposal 6. For aperiodic DL quality report in RRC_CONNECTED, RAN2 wait RAN1 decision on triggering mechanism to decide whether or not UE specific RRC signaling is needed.
3 Conclusion

The observations captured are the following:
Observation 1.
MAC CE for quality report works in either case whether or not the report is prepared before Msg1. The same MAC CE can also be used for the quality report in RRC_CONNECTED.
Observation 2.
When UE receives 56 bits of UL grant for both EDT fallback and non-EDT cases, the new LCID can be used together with reserved “R” bit in MAC subheader to provide 2 bits of quality report in Msg3.

The proposal captured are the following:
Proposal 1.
The new reserved LCID is used to carry the MAC CE with a dedicated MAC subheader for the quality report.
Proposal 2.
RAN2 wait for RAN1 progress to define the contents of the quality report MAC CE
Proposal 3.
For non-EDT case, additional mechanism to request UL grant for the quality report is not considered and same quality report MAC CE (as described in proposal 1) is included in Msg3 only if larger UL grant is received in RAR.
Proposal 4.
If RAN1 decides that the 2 bit quality report in Msg3 is used, the new LCID is also used together with reserved “R” field in the MAC subheader to report 2 bits quality report using “F2” and “E” fields indicating the MAC PDU contains only one MAC subheader and one CCCH SDU.
Proposal 5.
RAN2 decide whether or not the 2 bit quality report using MAC subheader is used by the BL UE and UE in enhanced coverage when supporting frequency hopping for unicast.
Proposal 6.
For aperiodic DL quality report in RRC_CONNECTED, RAN2 wait RAN1 decision on triggering mechanism to decide whether or not UE specific RRC signaling is needed.
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