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Introduction
In RAN#83 meeting, the WID for Rel-16 enhancements for NB-IoT was updated [1]. The objective to improve multi-carrier operation was updated as follows:
· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2, RAN4]
· Specify support for quality reporting in connected mode for anchor and non-anchor carriers. The quality report is not carried in the physical layer. [RAN1, RAN2, RAN4].
· Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted [RAN1, RAN2, RAN4] 
In RAN1 #96bis meeting, the following agreements were made regarding the support of quality report in Msg3 for non-anchor access in NB-IoT [2]:
	Agreement 
For channel quality report in connected mode, the channel quality definition is denoted by the number of repetitions that the UE needs to decode hypothetical NPDCCH with BLER of 1%.

Agreement 
For channel quality report in connected mode other than Msg3, UE performs measurement on the carrier it is assigned to monitor in USS for NPDCCH and the associated NPDSCH.
· FFS other carrier(s)

Agreement
For channel quality report in Msg3 for non-anchor access, 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

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

Agreement
For channel quality measurement in Msg3 for non-anchor access, the maximum number of carriers reported in Msg3 is no larger than 2.
· FFS detail of the maximum number (1 or 2)

Agreement
eNB can enable/disable channel quality report in Msg3 for non-anchor access via SIB
· FFS details
FFS whether the field in Rel-14 for anchor access is reused



In Rel-14 NB-IoT, the DL quality report in Msg3 is supported only for the anchor carrier on which the UE received Msg2. By supporting Msg3 quality reporting for non-anchor access, not only the scheduling of Msg4 may benefit from the better knowledge of DL channel status, but also more information on different DL carrier quality may benefit the configuration of DL carrier for following DL scheduling, especially when DL and UL channel quality are quite different. In this contribution, we share our views on the design for DL channel quality reporting in Idle and connected mode for NB-IoT.

DL quality report in Idle mode
[bookmark: _Ref1033197]Configuration and UE capability
The DL quality report in Msg3 for non-anchor access can be configured semi-statically by higher layer signaling in a cell-specific manner. 
The support of DL quality report for non-anchor access should depend on UE capability. For UEs supporting DL quality report for non-anchor access, they should be able to support DL quality report for anchor carrier as well. For initial access, the UE has not reported its capability yet during the random access procedure. Therefore, whether or how to indicate the UE capability should be studied. One option is to configure dedicated NPRACH resources for UE supporting DL quality report in Msg3 for non-anchor and/or anchor carrier. However, considering the need of NPRACH partitioning for EDT and the existence of legacy NB-IoT UEs, this option may impact the system capacity and thus is not preferred. On the other hand, it can be up to UE to report channel quality depending on its capability, as elaborated in Section 2.2. With this method, there would be no need of UE capability indication for support of DL quality report in Msg3, and eNB can perform blind decoding of Msg3 to determine whether the DL quality report is carried by the UE or not. 

Observation 1:
Indication of UE capability for support of DL quality report for non-anchor access in Msg3 via NPRACH partitioning would impact system capacity.

Proposal 1:
The DL quality report for non-anchor access in Msg3 is configured semi-statically by higher layer signaling in a cell-specific manner.
It is UE capability whether the DL quality report in Msg3 for non-anchor access is supported.
· For UEs supporting DL quality report for non-anchor access, the DL quality report for anchor carrier is also supported.
· The design of Msg3 should enable UE to choose whether DL quality report is transmitted in Msg3 or not, which requires no report of UE capability.

[bookmark: _Ref873340]Design of Msg3 carrying the DL quality report
Recall that in Rel-14 NB-IoT, reserved bits in RRC message are used to carry the DL quality report in Msg3 for anchor carrier. According to the latest input from RAN2 [3]:
	· Existing Msg3 signalling is used for reporting downlink channel quality when UE makes access on non-anchor carrier. 
· Existing SIB2 signalling is used to enable UE to report downlink channel quality on non-anchor carrier.



the DL quality report for non-anchor access is carried by the reserved bits in RRC message as well. For UEs supporting this feature, one spare bit in the RRC message can be used to indicate whether the DL quality report is for anchor or non-anchor access.
As discussed in Section 2.1, it is not preferred to indicate UE capability via further NPRACH partitioning. For the cases where eNB is not aware of UE capability for the support of DL quality report, it is up to UE (depending on its capability) whether the DL quality report is carried in RRC message, and eNB performs blind detection.

Observation 2:
According to the RAN2 input, reserved bits in RRC message are used to carry the DL quality report in Msg3 for non-anchor access.
· It is up to UE (depending on its capability) whether the DL quality report is carried in RRC message, and eNB performs blind detection.

The carrier to be measured
Regarding which carrier to be measured, UE may decide whether to perform the measurement and carry the DL quality report in Msg3 after reception of RAR, and thus it is natural to support the measurement on the RAR carrier. There were proposals to support UE performing the channel quality measurement on other carriers [4]. The main motivation is to provide additional channel status information on the carriers which may be configured in Msg4 for subsequent unicast DL transmission. However, the duration between the end of RAR reception and the start of Msg3 transmission may not be sufficient for UEs to retune to another carrier, perform the measurement and construct the quality report. Even with sufficient timing gap between the end of the RAR and the start of Msg3 transmission, measuring other carriers would increase UE power consumption and complexity. Therefore, it is proposed to support the measurement on the RAR carrier for DL quality report rather than other carriers. 

Proposal 2:
For DL quality report in Msg3 in Idle mode, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR). 
 
DL quality report in connected mode
For the DL quality report in connected mode, similar to the DL quality report in Idle mode, it should be UE capability to support this feature. As the DL quality report in Msg3 in Idle mode has been already supported, it is preferred to extend the design to support the DL quality report in Msg3 in connected mode.
Similar to Idle mode, it is preferred to measure the RAR carrier for DL quality report in Msg3 in connected mode.

Proposal 3:
· It is UE capability to support the DL quality report in connected mode.

Proposal 4:
· For DL quality report in Msg3 in connected mode, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR). 

[bookmark: _GoBack]Conclusion
In this contribution, we discuss the design for the support of DL quality report in Msg3 for non-anchor access and connected mode for NB-IoT. Based on the discussions, we make the following observations and proposals:
Observation 1:
Indication of UE capability for support of DL quality report for non-anchor access in Msg3 via NPRACH partitioning would impact system capacity.

Observation 2:
According to the RAN2 input, reserved bits in RRC message are used to carry the DL quality report in Msg3 for non-anchor access.
· It is up to UE (depending on its capability) whether the DL quality report is carried in RRC message, and eNB performs blind detection.

Proposal 1:
The DL quality report for non-anchor access in Msg3 is configured semi-statically by higher layer signaling in a cell-specific manner.
It is UE capability whether the DL quality report in Msg3 for non-anchor access is supported.
· For UEs supporting DL quality report for non-anchor access, the DL quality report for anchor carrier is also supported.
· The design of Msg3 should enable UE to choose whether DL quality report is transmitted in Msg3 or not, which requires no report of UE capability.

Proposal 2:
For DL quality report in Msg3 in Idle mode, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR). 

Proposal 3:
· It is UE capability to support the DL quality report in connected mode.

Proposal 4:
· For DL quality report in Msg3 in connected mode, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR). 
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