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1 Introduction

The WID of Rel-16 enhancements for NB-IoT was approved in RAN#80 [1]. In which, the following objective is included:

	Improved multi-carrier operation:

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


In RAN1#94 meeting, the following agreements and working assumption are approved [2]:

	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


In RAN1#94bis meeting, the following agreements and further study direction are approved:

	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 RAN2#104 meeting, the following agreements and further study direction are approved [3]:

	· Re-use the code points defined in Rel-14

· Study the impact of re-using the Rel-14 RRC reporting mechanism and consider whether a MAC mechanism should be used instead.


In this contribution, we discuss RAN2 issues related to Msg3 quality reporting for non-anchor access and give our proposals.

2 Discussion
#Issue 1: Whether it’s feasible to reuse the Rel-14 mechanism of quality report in RRC Msg3 for non-Anchor RAR access case 

In the discussion of this topic in last RAN2 meeting, some companies think we can reuse the mechanism of quality report for anchor carrier to the non-anchor access case, while some other companies disagree as they think it makes MAC procedures complicated – at every RACH attempt the RRC message would need to be re-built. In the following, we try to analysis the possible impacts for re-using the Rel-14 mechanism.
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Figure 1: Control-plane protocol stack
Figure 1 shows the Control-plane protocol stack [4], with that the quality report for the case of anchor carrier access may be as following:
· RRM measurement is performed in PHY layer

· The RRM measurement results is usually sent to RRC layer for RRM decision (e.g. cell selection and reselection, CCCH SDU construction etc), and sent to MAC layer for CEL decision.

· The CCCH SDU including the RRC Msg3 is constructed in RRC layer, and is sent to "Multiplexing and assembly" entity in MAC layer for transmission.  

· The CCCH SDU including the RRC Msg3 is obtained by MAC layer for transmission.

In non-anchor access case, the RAR carrier is selected during the Random Access Resource selection stage. Generally the CCCH SDU including the RRC Msg3 may be constructed in earlier stage and at that time whether the anchor carrier will be selected or not cannot be known by RRC layer. Thus, the CCCH SDU including the RRC Msg3 may not be able to include the CQI-NPDCCH of the selected carrier or can only include the CQI-NPDCCH of anchor carrier. However, as the MAC PDU in the Msg3 buffer updating will anyway be necessary, e.g., for PH value updating upon CEL changes, we think the CCCH SDU in the Msg3 buffer can also be updated for including CQI-NPDCCH value when the non-anchor RAR carrier is selected.
For example, once the Non-Anchor carrier is selected (the RAR carrier is selected), the following procedures may be performed:

· The PHY layer is notified to measure the selected Non-anchor carrier.

· The PHY layer performs the measurement for the selected Non-anchor carrier.

· The PHY layer sends the measurement results to RRC layer.

· The RRC layer updates the CCCH SDU of "Multiplexing and assembly" entity in MAC layer.

· The MAC layer obtains the updated CCCH SDU from "Multiplexing and assembly" entity in MAC layer and stores it in the Msg3 buffer for transmission.

We can see there has only one additional step added and we don’t think it adds much complexity.
Observation 1: It’s feasible to reuse the R14 mechanism for non-Anchor RAR carrier quality reporting. The existing interaction between layers and also CCCH SDU updating scheme can be reused, without adding much complexity.

#Issue 2: Impacts of MAC mechanism for non-Anchor RAR carrier quality reporting

In last RAN2 meeting, companies that don’t want to reuse R14 mechanism consider to re-design the reporting to avoid major UE impact. We think the new design may be MAC mechanism. When PRACH procedure is triggered by UE on Non-Anchor carrier, the possible MAC procedure for non-Anchor RAR carrier quality reporting may be as following:

· The PHY layer should be notified to measure the selected Non-anchor carrier.

· The PHY layer performs the measurement for the selected Non-anchor carrier.

· The PHY layer sends the measurement results to MAC layer.

· The MAC layer should update the MAC CE in the MAC PDU of the Msg3 buffer before sending the RRC Msg3, in which new MAC mechanism should be specified.

Observation 2: Most of the interaction between different layers (e.g. MAC layer and PHY layer) is still needed when MAC mechanism is used for non-Anchor RAR carrier quality reporting.

With reference to the similar discussion for eMTC in the Draft Email discussion [104#50][eMTC R16] Quality report in Msg3, the following two may be considered for the detailed MAC mechanism design for NB-IoT. In the following, we provide our analysis for these two Alts (they are almost same as our comments for eMTC).

Alt 1: use the first R bit and F2 field in the MAC sub-header to report
During the discussion for eMTC, generally more companies don’t prefer this option as it seems quite different from the standard way to transmit this kind of information. In details, if the first R bit and F2 field in the MAC sub-header are used for the non-Anchor RAR carrier quality reporting, two bits can only carry 4 values, it’s highly possible not enough for the non-Anchor RAR carrier quality reporting. Moreover, as there may have several MAC PDU sub-headers in a eMTC Msg3 MAC PDU, with this option the reserved bits in all the MAC PDU sub-headers may need to carry same channel quality information. Such redundant information reporting is obviously undesired. In order to avoid such process and to allow the quality reporting be carried in only one MAC sub-header,  new LCID (s) would be needed to distinguish the new MAC sub-header (e.g. with non-Anchor RAR carrier reporting) from the legacy MAC sub-header (e.g. without non-Anchor RAR carrier reporting). In NB-IoT, it may be simple as we only need to consider the MAC sub-header for CCCH SDU. Taken into account that the legacy MAC sub-header for NB-IoT CCCH SDU already needs two LCIDs to differentiate the cases of the PHR or ePHR reporting in Msg3, to deal with the combination of indication of non-Anchor RAR carrier reporting and indication of PHR/ePHR, at least two new LCID values are needed. Such consumption for reserved LCIDs is also undesired.

Observation 3: If the first R bit and F2 field in the MAC sub-header are used, only carry 4 values can be provided and it’s highly possible not enough for the non-Anchor RAR carrier quality reporting. Furthermore, it will need much MAC specification changes and cause undesired consumption for reserved LCIDs.

Alt 2: use new MAC CE to report
If new MAC CE is used for the non-Anchor RAR carrier reporting, more reporting values can be provided with 8bits length. But it may be not so necessary as RAN2 already agree to re-use the code points defined in Rel-14. Furthermore, new MAC CE will add at least 8bits payload to Msg3. If we directly introduce the quality information into extended RRC Msg3, as the required bits can be flexible defined, maybe only 4bits is enough. Moreover, after introducing a new MAC CE, a regular way is to also define a new MAC sub-header and new LCID for indicating this new MAC CE. But as new MAC sub-header will further add 8bits overhead (cause total 16bits overhead), most companies don’t want this way. Then similar to the Alt1, without introducing new MAC sub-header and only using reserved LCID to indicate CCCH plus Msg3 Quality report is more preferred. But the same issue of consuming reserved LCIDs as that for Alt1 also exists. During the discussion for eMTC, one company think may be a new LCID is enough, we cannot agree unless there will have an assumption that legacy PHR is no longer used.

Observation 4: The scheme of new MAC CE for the non-Anchor RAR carrier quality reporting will add at least 8bits overhead to Msg3 and cause undesired consumption for reserved LCIDs.

Generally to say, we don’t like the way of “new MAC CE + existing MAC sub-header + new LCID” for sending new information in Msg3. As mentioned above, each time we want to add new MAC CE, the reserved LCIDs will be (unnecessary) consumed with multiple times. Moreover, the overhead will increased with times of fixed 8bits.

Proposal 1: It’s suggest to reuse the R14 RRC mechanism for non-Anchor RAR carrier quality reporting in Msg3.

#Issue 3: Other issues related to Msg3 quality reporting for non-anchor access

As the quality reporting in Msg3 is used for Msg4 or later scheduling, DL channel quality reporting for the non-anchor RAR carrier may be enough for basic EDT procedure as the Msg4 is the last message. But in the fallback case of EDT or for the legacy procedure, UE may be configured by Msg4 to another (non-anchor or anchor) carrier which may be different from the RAR carrier, then the DL channel quality reporting in the Msg3 will be invalid for the new configured carrier. 

Such issue in NB-IoT case is some different from that in eMTC. Even there may have some narrowbands (NBs) in eMTC, the number of NBs is small. Also the RAN1 has agreed the downlink channel quality for eMTC would be the repetition number and/or aggregation level. Such repetition number and/or aggregation level may be a result from long-term evaluation, and already maybe crossing multiple NBs. Therefore, it’s no need to distinguish RAR NB or other NB for downlink channel quality measurement in eMTC. 
Observation 5: Once the UE is reconfigured by Msg4 to another carrier, the DL channel quality reporting in Msg3 will be invalid for the new configured carrier.

Furthermore, when eNB wants to configure the UE to another carrier which may be different from the RAR carrier, the DL channel quality reporting results may provide good help to eNB for selecting the configured carrier as a carrier with better quality may be preferred. However, according to analysis before observation 5, the quality of the candidate carriers for (re)configuration cannot be obtained now.

In a summary, once the DL channel quality of the “other” carrier (e.g. except the RAR carrier) can be reported in Msg3, it can be used for the configured carrier selection and resource scheduling. This is beneficial for both EDT and non-EDT. For simplicity, the same reporting mechanism can be used for both EDT and non-EDT cases.

Proposal 2: The DL channel quality reporting of the carriers other than RAR carrier should be supported for NB-IoT.

Proposal 2a: For simplicity, the same reporting mechanism can be used for both EDT and non-EDT cases.
In order to help UE measurements on non-anchor carriers, eNB can indicate the candidate “other” carrier(s) to UE (e.g. a DL carrier List for measurement). UE can select one of them for measurement and report (e.g. randomly or based on mapping between UE-ID and carriers in the List). 

Proposal 3: It’s suggest that eNB can indicate the candidate “other” carrier(s) to UE and UE can select one of them for measurement and report.
In the current NB-IoT WID, quality reporting of the configured carrier in RRC_CONNECTED state has not been included. But with similar consideration for benefits, we still want to suggest to at least study the measurement report in Msg3 associated with PDCCH order or PRACH procedure in RRC_CONNECTED state.

Proposal 4: With similar consideration for benefits, it’s suggested to study the DL quality reporting in Msg3 associated with PDCCH order or PRACH procedure in RRC_CONNECTED state.
For dedicated PUR, taken into account that the DL quality reporting is mainly used for later scheduling, it may be not so necessary to support DL quality report for this case as mostly there may only have one-shot UL data transmission. But as the dedicated PUR may also involves DL data transmission, whether to support DL quality measurement reporting need to be studied based on the progress of D-PUR.

Taken into account that it is still FFS whether to support the shared PUR, we think it’s no need to consider the DL quality reporting for shared PUR. 

Proposal 5: The DL quality measurement reporting for dedicated PUR need to be studied if DL data transmission may occur.

Proposal 5a: It’s no need to consider the DL quality measurement reporting over shared PUR unless it’s agreed to be specified. 

3 Conclusions

In this contribution, we have discussed Msg3 quality reporting for non-anchor access in NB-IoT. We make the following observations and proposals:

Observation 1: It’s feasible to reuse the R14 mechanism for non-Anchor RAR carrier quality reporting. The existing interaction between layers and also CCCH SDU updating scheme can be reused, without adding much complexity.

Observation 2: Most of the interaction between different layers (e.g. MAC layer and PHY layer) is still needed when MAC mechanism is used for non-Anchor RAR carrier quality reporting.

Observation 3: If the first R bit and F2 field in the MAC sub-header are used, only carry 4 values can be provided and it’s highly possible not enough for the non-Anchor RAR carrier quality reporting. Furthermore, it will need much MAC specification changes and cause undesired consumption for reserved LCIDs.

Observation 4: The scheme of new MAC CE for the non-Anchor RAR carrier quality reporting will add at least 8bits overhead to Msg3 and cause undesired consumption for reserved LCIDs.

Observation 5: Once the UE is reconfigured by Msg4 to another carrier, the DL channel quality reporting in Msg3 will be invalid for the new configured carrier.

Proposal 1: It’s suggest to reuse the R14 RRC mechanism for non-Anchor RAR carrier quality reporting in Msg3.

Proposal 2: The DL channel quality reporting of the carriers other than RAR carrier should be supported for NB-IoT.

Proposal 2a: For simplicity, the same reporting mechanism can be used for both EDT and non-EDT cases.
Proposal 3: It’s suggest that eNB can indicate the candidate “other” carrier(s) to UE and UE can select one of them for measurement and report.

Proposal 4: With similar consideration for benefits, it’s suggested to study the DL quality reporting in Msg3 associated with PDCCH order or PRACH procedure in RRC_CONNECTED state.
Proposal 5: The DL quality measurement reporting for dedicated PUR need to be studied if DL data transmission may occur.
Proposal 5a: It’s no need to consider the DL quality measurement reporting over shared PUR unless it’s agreed to be specified. 
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