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1. Introduction
The WID for Rel-16 NB-IoT enhancements for LTE [1] has the following objectives:

Improved multi-carrier operation:

· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2]

· 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] 

For this objective, the following agreements made thus far, are listed below.
From the RAN1#94 meeting:
Agreement

For channel quality report in Msg3 on non-anchor access, the channel quality definition is denoted by the number of repetitions that the UE needs to decode hypothetical NPDCCH with BLER of 1%

· FFS: Whether the details on the hypothetical NPDCCH are specified or not

Working Assumption

For channel quality report in Msg3 on non-anchor access, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR)

· FFS: Whether the UE performs measurement on other carriers

Agreement

For non-anchor access, RAN1 further studies how UEs report the measured channel quality

From the RAN1#94-bis meeting:
Agreement 

RAN1 does not define search space for hypothetical NPDCCH for channel quality report in Msg3 on non-anchor access.
Agreement

From RAN1 point of view, specification support for measurement period for non-anchor access in RAN1 specifications is not needed
Agreement

RAN1 does not define measurement reference resource for non-anchor access.
For further study:

The following scenarios with regards to downlink channel quality reporting in msg3 for non-anchor carrier access.

· For EDT/non-EDT, msg3 associated with PDCCH order PRACH, IDLE

· PUR

From the RAN1#95 meeting:
Agreement

In case 4 bits is used for a non-anchor carrier, all repetition i.e. 12 candidate values {1,2,4,8,16,32,64,128,256,512,1024,2048} can be reported in Msg3.

Agreement

In case of 2 bits is used for a non-anchor carrier, 3 candidate values can be reported in Msg3. Select one of the following alternatives for determining the 3 values:

· Depending on Rmax, the maximum number of repetitions for NPDCCH Type 2 CSS.

· Depending on R, "DCI subframe repetition number" indicated in DCI format N1 for Msg2 scheduling.

· Depending on Rdecoded, based on the number of repetitions for NPDCCH scheduling Msg2 where UE decodes successfully.

From the RAN1#96 meeting:
For further study in future meetings:

For channel quality report in Msg3 on non-anchor access, RAN1 identified the following scenarios in which UE may monitor a carrier that is different from the carrier in which the UE receives Msg2 (i.e. RAR):

· Idle mode

· Non-EDT random access procedure 
· EDT procedure
· Connected mode

· NPDCCH ordered NPRACH procedure
· Random access procedure to apply for UL-SCH resource

Agreement

For the measurement on carrier(s) other than the one UE is receiving RAR for non-anchor access, if supported, RAN1 to select one or more among the following candidates:
· Paging carrier

· Anchor carrier

· Carrier(s) configured by CarrierConfigDedicated-NB in connected mode

· Other carriers configured by network with implicit or explicit signaling

The following issues are identified for RAN1 further study
· Whether amount of time or gap is needed for the measurement

· Which carrier(s) UE reported if more than one carrier is measured

· What kind of NRS UE can use for the measurement and whether needs indication

Agreement

In case of 2 bits are used for a non-anchor carrier, one of 3 candidate values can be reported in Msg3

· Which depends on Rmax, the maximum number of repetitions for NPDCCH Type 2 CSS.

For further study in future meetings:

If supported, RAN1 further discuss how to derive the candidate values reported in Msg3 if no NPDCCH Type2 CSS on the carrier
In this contribution we discuss further aspects of the DL quality report in MSG3 for non-anchor carrier access.
2. Discussion
One of the issues from RAN1#96 listed for further study is copied below:
For further study in future meetings:

For channel quality report in Msg3 on non-anchor access, RAN1 identified the following scenarios in which UE may monitor a carrier that is different from the carrier in which the UE receives Msg2 (i.e. RAR):

· Idle mode

· Non-EDT random access procedure 
· EDT procedure
· Connected mode

· NPDCCH ordered NPRACH procedure
· Random access procedure to apply for UL-SCH resource

For all these scenarios, it can be argued that the network would benefit from the additional channel quality knowledge on another carrier for subsequent downlink transmissions to that UE.  For idle mode UEs, the “other carrier” metric could be of benefit for:

· Idle mode UE NPRACH CE level determination on the anchor carrier 

· Connected mode UE radio link monitoring
Observation 1:    For idle mode UEs receiving RAR on non-anchor carriers with the capability to report the DL carrier quality in message 3, the ability to monitor another carrier could be used to improve subsequent post-Msg4 NPDSCH placement and NPRACH CE level determination.
Observation 2:    For connected mode UEs receiving RAR on non-anchor carriers with the capability to report the DL carrier quality in message 3, the ability to monitor another carrier could be used to improve subsequent post-Msg4 NPDSCH placement and UE radio link monitoring.
Proposal 1:
For idle and connected mode UEs receiving RAR on non-anchor carriers with the capability to report the DL carrier quality in message 3, the ability to monitor another carrier is supported.
Other issues from RAN1#96 listed for further study include:
· Whether amount of time or gap is needed for the measurement

· Which carrier(s) UE reported if more than one carrier is measured
· What kind of NRS UE can use for the measurement and whether needs indication
Whether a specific amount of time or gap is required for this new DL quality metric, is a decision that should be made by RAN4.
Proposal 2:
RAN4 determine if an amount of time and/or gap is specified for this new DL quality metric measurement. 
The carriers that a UE could support this now, are those that support the NPDCCH Type2 CSS (with its NRS), i.e. those carriers supporting Paging and RACH.  If the network requires the UE to support this metric on another non-anchor carrier, some NRS would need to be configured on that carrier. 
Observation 3:
If the network requires DL quality reports on non-anchor carriers other than those that support either paging or RACH, then some NRS will need to be configured on those carriers.
3. Conclusion

In this contribution we have discussed further aspects of the DL quality report in MSG3 for non-anchor carrier access, and have the following observations and proposals:

Observation 1:    For idle mode UEs receiving RAR on non-anchor carriers with the capability to report the DL carrier quality in message 3, the ability to monitor another carrier could be used to improve subsequent post-Msg4 NPDSCH placement and NPRACH CE level determination.

Observation 2:    For connected mode UEs receiving RAR on non-anchor carriers with the capability to report the DL carrier quality in message 3, the ability to monitor another carrier could be used to improve subsequent post-Msg4 NPDSCH placement and UE radio link monitoring.
Observation 3:
If the network requires DL quality reports on non-anchor carriers other than those that support either paging or RACH, then some NRS will need to be configured on those carriers.
Proposal 1:
For idle and connected mode UEs receiving RAR on non-anchor carriers with the capability to report the DL carrier quality in message 3, the ability to monitor another carrier is supported.
Proposal 2:
RAN4 determine if an amount of time and/or gap is specified for this new DL quality metric measurement. 
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