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1. Introduction

Agreements, working assumption, and chairman’s note made in RAN1 meetings so far for the support of downlink channel quality report during random access procedure on a non-anchor carrier are listed in the table below.
	RAN1#94

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

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

RAN1#94bis
Agreement 

· RAN1 does not define search space for hypothetical NPDCCH for channel quality report in Msg3 on non-anchor access.
· From RAN1 point of view, specification support for measurement period for non-anchor access in RAN1 specifications is not needed
· 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


Given that it was the similar feature for an anchor carrier which was introduced in the earlier release of NB-IoT, RAN1 tried to adopt the existing DCQ(Downlink Channel Quality) report as a baseline as much as possible except that the necessity of supporting DCQ measurement on other carriers was brought up for NB-IoT downlink carrier redirection during RRC setup procedure based on the reported DCQ information on other carrier(s) than the carrier used for RAR monitoring[1]. However RAN1 further discussed more scenarios where supporting DCQ measurement and report can be beneficial. Besides, another Tdoc [6] which is related to DCQ measurement and report for NB-IoT UE in RRC connected mode was submitted to the agenda of Others and co-sourced by more than 10 companies. Therefore, we share our views on scenarios which can be further considered and discuss what needs to be additionally taken into account.
2. Discussion
During maintenance work in Rel.15, an early DCQ report was introduced for Rel.14 NB-IoT under the following major motivations:
· In NB-IoT, there is no mechanism for eNB to acquire DCQ information because a CE level only reflects signal strength and uplink signal quality which eNB can estimate via NPRACH does not represent DCQ [2]
· As NB-IoT UEs are expected to stay RRC connected mode for a short time, DCQ needs to be reported early [3]
As it has been observed through field test [4] and presented by [1][5], DCQ report in random access procedure brings practical benefits to NB-IoT UEs and networks by utilizing it for efficient resource assignment or scheduling. On the other hand, DCQ measurement on an anchor carrier when UE is supposed to monitor RAR and NPDCCH for Msg3/4 on a non-anchor carrier would not correctly reflect DCQ on the carrier where UE receives downlink channels after transmitting Msg1 because interference condition between the non-anchor and anchor carriers is less likely to be similar despite of that statistics of noise on different carriers could be similar. As a consequence, eNB may not be able to properly redirect NB-IoT downlink carrier to another one which is not the carrier where UE monitors RAR during the RRC setup procedure due to lack of correct DCQ information for NB-IoT downlink carriers. Therefore, it can be beneficial UE can report DCQ information of other NB-IoT downlink carrier(s) than the one where the UE monitors RAR. Nevertheless, whether or not to introduce the aforementioned ability, i.e., additional measurement, needs to be further discussed because it may require UE’s more power consumption and effort on specification work.
Observation 1: Downlink interference condition can be different between anchor carrier and non-anchor carrier

Observation 2: Measurement and report of downlink channel quality on other carrier(s) can be beneficial as network can redirect NB-IoT downlink carrier to another one based on the reported downlink channel quality information

As mentioned above, there could be more use cases that DCQ measurement and report can be used for NB-IoT carrier redirection during RRC setup. And if it is necessary to support it at the expense of UE’s additional power consumption, RAN1 should take into account the following aspects to come up with a sophisticated solution which would not bring much adverse impact on UE’s behaviour and the required size of DCQ information.
· How to configure a set of carrier(s) on which UE is asked to measure DCQ
· When more than one NB-IoT downlink carrier is included in the set, how to define DCQ information, e.g., the preferred NB-IoT downlink carrier and/or the repetition number on the carrier
· DCQ information can be carried on CQI-NPDCCH-NB or CQI-NPDCCH-Short-NB which have 13 states defined by the absolute number of repetitions regardless of Type2-CSS configuration and 4 states with the ratio of repetition number with respect to the maximum repetition number of NPDCCH in Type2-CSS, respectively

· If DCQ denotes a relative value to the maximum repetition number of NPDCCH in Type2-CSS, how to define the reference maximum repetition number on the carrier

· Whether it needs to be supported in RRC idle and/or connected mode(s)
· If a measurement gap is necessary for DCQ measurement

Proposal 1: If it is supported that UE performs downlink channel quality measurement on other carrier(s) than the carrier on which UE monitors Msg2, the following can be further considered

· NB-IoT downlink carrier(s) on which UE needs to measure downlink quality can be signaled by eNB

· If more than one NB-IoT downlink carrier is configured to UE for additional downlink channel quality measurement, UE reports the preferred NB-IoT downlink carrier position as downlink channel quality information

· FFS on whether the repetition number information will be reported together

· If one NB-IoT downlink carrier is configured to UE for downlink channel quality measurement, UE reports downlink channel quality information on the configured carrier

· If the downlink channel quality information is a relative value to the maximum repetition number of NPDCCH in Type2-CSS, the reference maximum repetition number of NPDCCH in Type2-CSS can be that on the carrier either where UE monitors Msg2 or UE performs measurement

· A proper amount of time or gap for measurement needs to be ensured, and the details are FFS

As presented in [6], a reported DCQ information may turn into useless one when the UE is redirected to another downlink carrier than the carrier on which DCQ was measure in RRC idle mode. It can be more serious when taking into account the fact that there is no way, according to the current specification, for eNB to obtain DCQ information on another carrier than the carrier where UE monitors RAR before assigning non-anchor carrier during RRC setup procedure. Therefore, DCQ measurement and report needs to be supported for UE in RRC connected mode rather than limiting it to only RRC idle mode.
Observation 3: Measurement and report of downlink channel quality in RRC connected mode can be beneficial as NB-IoT downlink carrier assignment is limited to RRC setup procedure in an initial random access procedure

According to the current specification and agreements, DCQ is defined as the number of repetitions that the UE needs to decode hypothetical NPDCCH in Type2-CSS with BLER of 1% upon the NB-IoT downlink carrier associated with Msg.3 carrier. However, if this feature is also supported for UE in RRC connected mode, the definition of DCQ needs to be updated so that it represents the detection performance of NPDCCH in USS not Type2-CSS. And there seems no standardization impact when its definition is updated as aforementioned because USS configuration is known information to UE in RRC connected mode while it is not in RRC idle mode.
Proposal 2: If UE in RRC connected mode performs downlink channel quality measurement, the downlink channel quality definition reuses that for anchor access with the following update

· The downlink channel quality definition is the number of repetitions that the UE needs to decode hypothetical NPDCCH in USS with BLER of 1% upon the NB-IoT downlink carrier where UE monitors NPDCCH in USS

There is another use case that DCQ measurement and report may be necessary, which is NPUSCH transmission in preconfigured UL resources. When we recall the motivation of introducing the feature of an early DCQ report, eNB may encounter the same difficulties as random access procedure when the eNB determines the proper repetition number of downlink feedback channel corresponding to the received NPUSCH in preconfigured resources if there is no DCQ information. Note that RAN1 made an agreement, ‘In IDLE mode, HARQ is supported for transmission in dedicated PUR’, in the previous RAN1#94bis meeting. However, it seems a bit premature to discuss whether or not to include the scenario of NPUSCH transmission in preconfigured UL resources in the set of use cases for DCQ measurement and report because the details of downlink feedback channel for PUR have not been worked out yet.
Observation 4: Measurement and report of downlink channel quality can be beneficial for UE in RRC idle mode transmitting NPUSCH in preconfigured UL resources as downlink channel quality can vary over time

3. Conclusion
In this contribution, we provided an observation and proposals to extend an early channel quality report feature on an anchor carrier to that on a non-anchor carrier. The observation and proposals are summarized as follows.
Observation 1: Downlink interference condition can be different between anchor carrier and non-anchor carrier

Observation 2: Measurement and report of downlink channel quality on other carrier(s) can be beneficial as network can redirect NB-IoT downlink carrier to another one based on the reported downlink channel quality information

Observation 3: Measurement and report of downlink channel quality in RRC connected mode can be beneficial as NB-IoT downlink carrier assignment is limited to RRC setup procedure in an initial random access procedure

Observation 4: Measurement and report of downlink channel quality can be beneficial for UE in RRC idle mode transmitting NPUSCH in preconfigured UL resources as downlink channel quality can vary over time

Proposal 1: If it is supported that UE performs downlink channel quality measurement on other carrier(s) than the carrier on which UE monitors Msg2, the following can be further considered

· NB-IoT downlink carrier(s) on which UE needs to measure downlink quality can be signaled by eNB

· If more than one NB-IoT downlink carrier is configured to UE for additional downlink channel quality measurement, UE reports the preferred NB-IoT downlink carrier position as downlink channel quality information

· FFS on whether the repetition number information will be reported together

· If one NB-IoT downlink carrier is configured to UE for downlink channel quality measurement, UE reports downlink channel quality information on the configured carrier

· If the downlink channel quality information is a relative value to the maximum repetition number of NPDCCH in Type2-CSS, the reference maximum repetition number of NPDCCH in Type2-CSS can be that on the carrier either where UE monitors Msg2 or UE performs measurement

· A proper amount of time or gap for measurement needs to be ensured, and the details are FFS

Proposal 2: If UE in RRC connected mode performs downlink channel quality measurement, the downlink channel quality definition reuses that for anchor access with the following update

· The downlink channel quality definition is the number of repetitions that the UE needs to decode hypothetical NPDCCH in USS with BLER of 1% upon the NB-IoT downlink carrier where UE monitors NPDCCH in USS
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