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1. Introduction

In RAN1 #96 meeting, we had the following agreements and working assumption on Support of Quality report in Msg3 for non-anchor access [1].

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

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, some issues related to quality reporting in Msg3 and Connected Mode are discussed.

2. In RRC_IDLE mode
In RAN1 #96 meeting, it was agreed that:
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

Detailed analysis of the above candidates is made in this subclause.

· Paging carrier

The NPDCCH for paging can be used for DL quality measurement only when the Paging Occasions exist just before transmission of Msg3. But there is no relationship specified between Paging Occasion and the transmission time of Msg3. In other words, Paging Occasion may not exist before the transmission of Msg3. Therefore, paging carrier is not suitable for DL quality measurement.

Observation 1: Paging Occasion may not exist before the transmission of Msg3 when the DL quality report in Msg3 is triggered.
· Anchor carrier

RSRP/RSRQ of anchor carrier reported in Msg5 has already been supported in current NB-IoT. Considering that the reported RSRP/RSRQ can also reflect the DL quality of anchor carrier, there is no need to report DL quality of anchor carrier in Msg3.
Observation 2: RSRP/RSRQ of anchor carrier reported in Msg5 has already been supported and the reported RSRP/RSRQ can also reflect the DL quality of anchor carrier.
· Carrier(s) configured by CarrierConfigDedicated-NB in connected mode

Since NRS is not assumed to be transmitted on non-anchor carrier(s) except for paging and type-2 CSS NPDCCH transmission, DL channel quality measurement cannot depend on NRS on the carrier(s) configured by CarrierConfigDedicated-NB in connected mode. Therefore, the DL channel quality of these carrier(s) cannot be measured by UE. 
Observation 3: NRS is not assumed to be transmitted on the carrier(s) configured by CarrierConfigDedicated-NB in connected mode.
· Other carriers configured by network with implicit or explicit signaling

Since NRS is not assumed to be transmitted on non-anchor carrier(s) except for paging and type-2 CSS NPDCCH transmission, when other carriers for DL quality measurement are configured by network with implicit or explicit signaling, the NRS pattern on these carriers should also be sent to the UE.
Observation 4: If other carriers for DL quality measurement are configured by network with implicit or explicit signaling, the NRS pattern on these carriers should also be sent to the UE.

The eNB may allocate a new DL carrier other than the carrier that the UE receives Msg2 for DL data transmission after Msg4. If the eNB can get the channel quality information of multiple carriers by Msg3, eNB can configure the optimal carrier for subsequent DL data transmission after Msg4. The performance of DL data transmission can be improved. 

Observation 5: For channel quality report in Msg3 on non-anchor access, besides the carrier that UE receives Msg2, reporting channel quality measurement of other carriers is beneficial for performance improvement of DL data transmission after Msg4.
Based on the above analysis, for DL quality report in Msg3 for non-anchor carrier(s) in RRC_IDLE mode, UE shall perform the DL quality measurement at least on the carrier it monitors to receive Msg2 (i.e. RAR).

· If other carriers for DL quality measurement is configured by network, the NRS pattern on these carriers should also be sent to the UE.
· DL quality report on multiple carriers can be supported according to the UE’s capability.
Proposal 1: For DL quality report in Msg3 for non-anchor carrier(s) in RRC_IDLE mode, UE shall perform the DL quality measurement at least on the carrier it monitors to receive Msg2 (i.e. RAR).

· If other carriers for DL quality measurement is configured by network, the NRS pattern on these carriers should also be sent to the UE.
· DL quality report of multiple carriers can be supported according to the UE’s capability.
In RAN1 #96 meeting, there was an open issue on how to derive the candidate values reported in Msg3 if no NPDCCH Type2 CSS on the carrier. Since the UE shall perform the DL quality measurement at least on the carrier it monitors to receive Msg2, when other carriers for DL quality measurement are configured by network, the value of Rmax on these other carriers can reuse the value of Rmax configured for the carrier it monitors to receive Msg2.
Proposal 2: When other carriers for DL quality measurement are configured by network, the value of Rmax on these carriers can reuse the value of Rmax configured for the carrier it monitors to receive Msg2.
3. In RRC_CONNECTED mode
In RRC_CONNECTED mode, high layer parameter “CarrierConfigDedicated-NB” is used to configure a working carrier for a UE. It is necessary to measure and report the DL quality of the configured carrier since the eNB can adjust the NPDCCH/NPDSCH transmission on this carrier based on the reported DL quality. For example, based on the reported DL quality, the eNB can adjust the repetition number of NPDSCH for the purpose of performance optimization.

Proposal 3: In RRC_CONNECTED mode, DL quality of the carrier configured by CarrierConfigDedicated-NB should be measured. 

In RRC_CONNECTED mode, some events may cause eNB to send “PDCCH order” to trigger contention based random access. For example, if UE is UL asynchronized, eNB would send ‘PDCCH order’ to trigger contention based random access procedure for UL re-synchronization. Moreover, in order to improve the DL transmission efficiency after UL re-synchronization, an indicator carried in “PDCCH order” can be used to indicate whether channel quality report of the carrier USS locates is enabled in Msg3. The indicator uses one of the reserved bits in “PDCCH order”.
Proposal 4: In RRC-CONNETED mode, an indicator carried in “PDCCH order” can be used to indicate whether channel quality report of the carrier USS locates is enabled in Msg3.

4. Conclusions

In this contribution, we have discussed the issues related to Msg3 quality report in msg3 and Connected Mode. We have the following observations and proposals.

Observation 1: Paging Occasion may not exist before the transmission of Msg3 when the DL quality report in Msg3 is triggered.
Observation 2: RSRP/RSRQ of anchor carrier reported in Msg5 has already been supported and the reported RSRP/RSRQ can also reflect the DL quality of anchor carrier.
Observation 3: NRS is not assumed to be transmitted on the carrier(s) configured by CarrierConfigDedicated-NB in connected mode.
Observation 4: If other carriers for DL quality measurement are configured by network with implicit or explicit signaling, the NRS pattern on these carriers should also be sent to the UE.

Observation 5: For channel quality report in Msg3 on non-anchor access, besides the carrier that UE receives Msg2, reporting channel quality measurement of other carriers is beneficial for performance improvement of DL data transmission after Msg4.

Proposal 1: For DL quality report in Msg3 for non-anchor carrier(s) in RRC_IDLE mode, UE shall perform the DL quality measurement at least on the carrier it monitors to receive Msg2 (i.e. RAR).

· If other carriers for DL quality measurement is configured by network, the NRS pattern on these carriers should also be sent to the UE.
· DL quality report of multiple carriers can be supported according to the UE’s capability.
Proposal 2: When other carriers for DL quality measurement are configured by network, the value of Rmax on these carriers can reuse the value of Rmax configured for the carrier it monitors to receive Msg2.
Proposal 3: In RRC_CONNECTED mode, DL quality of the carrier configured by CarrierConfigDedicated-NB should be measured. 

Proposal 4: In RRC-CONNETED mode, an indicator carried in “PDCCH order” can be used to indicate whether channel quality report of the carrier USS locates is enabled in Msg3.
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