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Introduction
In RAN#80 meeting, a new work item (WI) on Rel-16 enhancements for NB-IoT was approved [1]. One objective of the WI is to improve multi-carrier operation by:
· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2].

In RAN1 #94bis meeting, the following agreements were made regarding the support of quality report in Msg3 for non-anchor access in NB-IoT [2]:
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


In RAN1 #95 meeting, some additional agreements were further made [3]:
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.

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 Msg3 for non-anchor access.
Discussion
[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, the UL grant and Msg3 can be designed to enable the scheduling of both Msg3 without DL quality report and Msg3 with DL quality report, as elaborated in Section 2.2. It can be up to UE to select which one to follow depending on its capability. With this method, there would be no need of UE capability indication for support of DL quality report in Msg3. 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 UL grant and 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. Similarly, the DL quality report for non-anchor access can be 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. With the DL quality report carried by RRC message, a sufficiently long gap between Msg2 and Msg3 may be needed to accommodate the measurement duration, and the duration needed for the UE to reconstruct the RRC message. This may result in impact on higher-layer design and procedure. Alternatively, a dedicated MAC CE can be included in the MAC PDU of Msg3. Inputs from RAN2 may be needed regarding the detailed design of how to carry the DL quality report in Msg3 for non-anchor access. From RAN1 perspective, if a dedicated MAC CE is adopted, it is expected that a larger TBS is needed for Msg3 with DL quality report for 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:
· If RRC message is used for the 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. 
· On the other hand, if MAC CE is used to carry DL quality report, as discussed above, a larger TBS is needed. In this case, eNB can always schedule a larger TBS for Msg3 when the DL quality report in Msg3 is enabled. For UEs not supporting the DL quality report, padding bits would be added to the Msg3 transmission. Depending on the number of bits needed for DL quality report, the efficiency of UL transmission may be impacted for UEs not supporting the DL quality report. To improve the performance of UL transmission for UEs not capable of DL quality report, similar to the EDT design, the UL grant can be used to indicate multiple TBS values, where a certain TBS value is for Msg3 without DL quality report and another TBS value is for Msg3 with DL quality report. It is up to UE to choose which TBS value to be used depending on its capability for support of DL quality report in Msg3. Specifically, the UL grant in RAR would indicate a TBS assuming no DL quality report, which would be used for UEs not capable of DL quality report in Msg3. A larger TBS value associated to the indicated TBS can be predefined, which would be used for UEs capable of DL quality report. With this option, the eNB would blindly detect whether the DL quality report is carried in the Msg3. 

Observation 2:
RAN2 inputs are needed regarding how to carry the DL quality report in Msg3 for non-anchor access:
· Using reserved bits in RRC message,
· A sufficient gap may be needed between Msg2 and Msg3 to accommodate the duration needed for measurement and reconstruction of the RRC message.
· Or introducing a dedicated MAC CE.
· A larger TBS is needed for Msg3 with DL quality report. 
Proposal 2:
If a dedicated MAC CE is used for the DL quality report, consider to support scheduling of multiple TBS values similar as EDT design, and let UE choose the TBS value depending on its capability, where 
· The indicated TBS is for Msg3 without DL quality report,
· And a larger TBS associated to the indicated value can be predefined, and be used for Msg3 with DL quality report. 

Design of DL quality report
It was agreed in RAN1 #95 meeting that in case of 2 bits is used for a non-anchor carrier, there are three candidate values to be reported in Msg3, which can be determined:
· 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.
For the last two options, UE is not able to know the candidate values until it successfully decodes the NPDCCH for RAR. Thus, the UE needs to construct the DL quality report after RAR reception, which leads to the need of a sufficient gap between Msg2 and Msg3. On the other hand, the first option with candidates depending on Rmax provides a cleaner and more flexible solution, in terms of when the UE can construct the DL quality report. In addition, the candidates depending on Rmax can already provide useful channel status information. The additional benefits of last two options compared to the first option is not clear. Therefore, it is proposed to select the first option, where the candidate values depends on Rmax, the maximum number of repetitions for NPDCCH Type 2 CSS.

Proposal 3:
· In case of 2 bits used for a non-anchor carrier with 3 candidate values to be reported in Msg3, the 3 candidate values depend on Rmax, the maximum number of repetitions for NPDCCH Type 2 CSS.

The carrier to be measured
Recall that the RRC message is constructed before RAR monitoring in legacy operation. Without changes in the procedure of RRC message construction, if RRC message is used for the DL quality report, it is preferred to measure the paging carrier for the DL quality report. Measuring other carriers requires UEs to retune to these carriers for the measurement, and to construct the RRC message accordingly before the start of random access procedure, which may increase UE power consumption and complexity.
On the other hand, if MAC CE is used for the DL quality report, UEs are able to perform the measurement on RAR carrier when the NPDCCH for RAR is being monitored, and construct the MAC CE with DL quality report after RAR reception. 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. Though measurement on RAR carrier may not be the optimal solution, it can provide some DL channel information, which helps the DL scheduling configurations. Considering the impact on UE complexity and the benefits of measurement on RAR carrier, it is proposed to support the measurement on the RAR carrier for DL quality report rather than other carriers. 

Observation 3:
DL quality report carried by RRC message requires UE to perform the measurement and construct the quality report before the RAR monitoring.
· Measurement on paging carrier helps improve DL scheduling without large impact on UE complexity and power consumption. 
DL quality report carried by MAC CE allows UE to perform the measurement during the RAR monitoring and construct the quality report after reception of RAR.
· Measurement on RAR carrier helps improve DL scheduling without large impact on UE complexity and power consumption. 
Proposal 4:
If RRC message is used to carry the DL quality report, UE performs the channel quality measurement on the paging carrier.
If MAC CE is used to carry the DL quality report, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR). 
 
Conclusion
In this contribution, we discuss the design for the support of DL quality report in Msg3 for non-anchor access 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:
RAN2 inputs are needed regarding how to carry the DL quality report in Msg3 for non-anchor access:
· Using reserved bits in RRC message,
· A sufficient gap may be needed between Msg2 and Msg3 to accommodate the duration needed for measurement and reconstruction of the RRC message.
· Or introducing a dedicated MAC CE.
· A larger TBS is needed for Msg3 with DL quality report. 

Observation 3:
DL quality report carried by RRC message requires UE to perform the measurement and construct the quality report before the RAR monitoring.
· Measurement on paging carrier helps improve DL scheduling without large impact on UE complexity and power consumption. 
DL quality report carried by MAC CE allows UE to perform the measurement during the RAR monitoring and construct the quality report after reception of RAR.
· Measurement on RAR carrier helps improve DL scheduling without large impact on UE complexity and power consumption. 

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 UL grant and 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:
If a dedicated MAC CE is used for the DL quality report, consider to support scheduling of multiple TBS values similar as EDT design, and let UE choose the TBS value depending on its capability, where 
· The indicated TBS is for Msg3 without DL quality report,
· And a larger TBS associated to the indicated value can be predefined, and be used for Msg3 with DL quality report. 

Proposal 3:
· In case of 2 bits used for a non-anchor carrier with 3 candidate values to be reported in Msg3, the 3 candidate values depend on Rmax, the maximum number of repetitions for NPDCCH Type 2 CSS.

Proposal 4:
If RRC message is used to carry the DL quality report, UE performs the channel quality measurement on the paging carrier.
If MAC CE is used to carry the DL quality report, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR). 
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