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[bookmark: _Ref349588338]1. Introduction
[bookmark: _Ref421460494]DL channel quality reporting was introduced as an optional feature for Rel-14 NB-IoT. Msg3 quality reporting for anchor carrier carries a repetition number (R) corresponding to hypothetical NPDCCH with target BLER of 1% to reflect the interference from other cells. The repetition number is derived based on averaging the DL quality during a period of time. Derivation of DL quality is based on NRS transmitted in subframes used for legacy measurement, thus no additional measurement is introduced to avoid extra power consumption for NB-IoT UEs.
In Rel-16 MTC, DL quality report in Msg3 was also introduced to improve the performance of DL reception during random access procedure, which might be impacted by interference, and can hardly be estimated by legacy measurement before PRACH transmission. In addition, aperiodic quality report in connected mode was introduced in RAN#82 meeting with same quality definition as in Msg3.
Design of DL quality report in Msg3 and in connected mode was discussed in RAN1#96bis meeting with the following agreements:
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 addition, the following was provided in RAN2 LS [4] on signaling and supported size for DL quality report:
	For EDT, RAN2 has agreed that a new MAC CE will be defined to carry the Quality Report.
Non-EDT
For the non-EDT case, when eNB provides minimum TBS size of 56 bits in the random access response, RAN2 confirms that two unused bits in MAC subheader can be used to send the Msg3 quality report.
However, if eNB provides the TBS size that is prolonged to the next available TBS size as shown below in Table 1 in the random access response, there is a maximum of 8 bits available for the Msg3 quality report. 
[bookmark: _Ref3559999]Table 1: Possible TBS Sizes for Msg3
	
	Minimum Msg3 TBS 
[bit]
	prolonged Msg3 TBS
[bit]

	RRCConnectionRequest
	56
	72

	RRCConnectionResumeRequest
(with fullResumeID)
	72
	88

	RRCConnectionResumeRequest 
(with truncatedResumeID)
	56
	72

	RRCConnectionReestablishmentRequest
	56
	72



EDT
For EDT case, a MAC CE is used and a maximum of 8 bits are available for Mgs3 quality report. 
For Msg3 quality report in CONNECTED state, it is possible to use same MAC CE based solution with a maximum of 8 bits available for Msg3 quality report.



In this contribution, the further details of DL quality reporting in Msg3 and in connected mode are discussed.
2. Discussion
As illustrated in RAN2 LS, for DL quality report in both IDLE mode via Msg3 and in connected mode, MAC CE or MAC subheader will be used to carry DL quality report with the potential size of up to 2 bits and/or 8 bits.  Based on RAN2 input, for both EDT case of Msg3 report and connected mode report, a maximum of 8 bits are available, therefore at least a long format of DL quality with up to 8 bits needs to be defined.
In addition, non-EDT case might use 2 or 8 bits to carry DL quality. Therefore, the possibility of designing a short format of DL quality with up to 2 bits can be further considered if necessary.
Proposal 1: Design the following formats for DL quality report:
· One long format with up to 8 bits, for at least EDT case in Msg3 report and DL quality report connected mode;
· Potentially one short format with up to 2 bits, pending RAN2 agreement.

At least for the long format DL quality, it is possible to use 4 bits for wideband DL quality, 2 bits for position of preferred narrowband, and 2 bits for narrowband DL quality, which can be divided into 4 ranges of differential DL quality, similarly as CQI report in CE mode A in connected mode. 
In addition, for CE mode A, DL quality is agreed as the repetition number and/or aggregation level of hypothetical MPDCCH. Considering there can be 16 states for wideband DL quality, the aggregation level could be included to provide more accurate information of DL channel status. 
Proposal 2: If frequency hopping for MPDCCH is enabled, DL quality on a preferred narrowband and position of the preferred narrowband are additionally reported.
Proposal 3: For CE mode A, if repetition number in DL quality information equals to 1, aggregation level is reported.

For both CE mode A and CE mode B, on which narrowband or wideband the DL quality is measured and reported should be discussed. The frequency location of for CSI reference resource used for DL quality measurement should be separately considered for EDT and non-EDT cases. 
For EDT case, DL quality report in Msg3 is mainly introduced for the reception of the Msg4 MPDCCH and Msg3 retransmission. Therefore, the DL quality report is preferred to be measured on the narrowband on which Msg3/Msg4 MPDCCH is transmitted. However, in both CE mode A and CE mode B, transmission of Msg3 and Msg4 can be scheduled in different narrowband with RAR, and before decoding RAR grant successfully IDLE UE is unconscious of the narrowband actually scheduled for Msg3 retransmission and Msg4 MPDCCH. 
With legacy behaviour, UE can measure narrowbands on which MPDCCH is monitored without additional cost, but the scheduled narrowband of Msg3/Msg4 might be outside this range. UE needs to decode the RAR grant, then re-tune to the narrowband for Msg3/Msg4 to perform DL quality measurement before at least 4 subframes of Msg3 transmission. Considering the 6ms scheduling delay between Msg2 and Msg3, and the 1~2ms for re-tuning and RAR decoding, there hardly exist enough time duration to perform DL quality measurement after triggered in RAR. In addition, if DL quality is reported via RRC signaling, UE needs to measure DL quality before Msg1.
Two options can be considered for DL measurement of Msg3 report:
· Option 1: Avoid this issue by eNodeB implementation. For example, if CSI report is requested by eNodeB in RAR grant, the narrowband configured for Msg3/Msg4 transmission should be the same as RAR narrowband, which is already monitored based on legacy behaviour. From UE perspective, it will always intend to report DL quality measured on the narrowband corresponding to reception of RAR grant.
· Option 2: UE measure all narrowbands that might be reported in Msg3. In legacy MTC system, the narrowband index of MPDCCH for Msg3/4 field in RAR use 2 bits corresponding to 4 values {0, 1, 2, 3} to indicate the offset between the narrowband index of MPDCCH of Msg2 and MPDCCH of Msg3/4. Therefore, UE could perform DL quality measurement on the 4 candidate narrowbands before transmission of PRACH, and report one measurement result corresponding to the narrowband indicated in RAR. 
However, support of DL quality report in Msg3 should not increase UE power consumption. Compared with Option 1 and legacy behaviour, Option 2 will introduce additional measurement, thus this solution is not preferred.
Proposal 4: 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 non-EDT case, since the subsequent DL reception after Msg4 could still benefit from the DL quality report in Msg3, and the eNodeB might schedule UE to other narrowbands to receive DL transmissions, the CSI reference is not required to be corresponding to the narrowband used to receive Msg3/4 MPDCCH. 
In addition, reporting multiple results of DL quality measurement reflecting transmission on more CSI reference resources could also be discussed at least for non-EDT in order to assist eNodeB to schedule better narrowband to the UE for the subsequent DL transmissions. Based on the possible locations of resource used for measurement or DL reception in legacy system, UE could report DL quality corresponding to the resource used for RSRP/RSRQ measurement before transmission of PRACH, and the narrowband on which MPDCCH or PDSCH of RAR grant is received.
Considering there might be up to 8 bits for non-EDT case if the TBS of Msg3 is prolonged to next available TBS, there is possible to have enough bits containing information of more than one narrowband, especially if MPDCCH hopping is not enabled.
Proposal 5: For DL quality report in Msg3, if long format of DL quality can be reported, further consider reporting multiple narrowbands at least for non-EDT case, especially if hopping of MPDCCH is disabled.

Triggering of Msg3 report
There were two options discussed to decide when DL quality report is carried in Msg3: always-on DL quality report triggered by SIB, and one-shot DL quality report triggered by RAR. 
If Msg3 report is triggered by SIB, UE will report DL quality in Msg3 in every random access procedure after the feature is enabled. Therefore, UE will always perform DL quality measurement and generate Msg3 carrying DL quality report no matter it is carried via RRC signaling or MAC/PHY signaling. However, DL quality report might be not always necessary if UE have good coverage and low interference, thus the always-on report will introduce potential overhead. Compared with SIB triggering, the on-demand report triggered by RAR is beneficial to reduce overhead and UE power consumption. 
Proposal 6: DL quality report is triggered by RAR.

DL quality report in connected mode
Similarly to DL quality report in non-EDT case, it could be beneficial if reporting more than one narrowband. 
In addition, the configuration of DL quality report in connected mode is separate with CQI report, therefore it is unnecessary to combine DL quality report and CQI report together. The configurations are up to eNodeB, as well as the triggering signalings. eNodeB could select which type of report is triggered, and UE will perform DL quality report and/or CQI report as requested.
Observation 1: Configuration and triggering of DL quality report in connected mode and CQI report are up to eNodeB. UE assume them as separate features.
3. Conclusion
Based analysis above, the following proposals are provided: 
Observation 1: Configuration and triggering of DL quality report in connected mode and CQI report are up to eNodeB. UE assume them as separate features.
Proposal 1: Design the following formats for DL quality report:
· One long format with up to 8 bits, for at least EDT case in Msg3 report and DL quality report connected mode;
· Potentially one short format with up to 2 bits, pending RAN2 agreement.
Proposal 2: If frequency hopping for MPDCCH is enabled, DL quality on a preferred narrowband and position of the preferred narrowband are additionally reported.
Proposal 3: For CE mode A, if repetition number in DL quality information equals to 1, aggregation level is reported.
Proposal 4: 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.
Proposal 5: For DL quality report in Msg3, if long format of DL quality can be reported, further consider reporting multiple narrowbands at least for non-EDT case, especially if hopping of MPDCCH is disabled.
Proposal 6: DL quality report is triggered by RAR.
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