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1. Introduction

In RAN#80 [1], a new Rel-16 work item has been approved to Specify quality report in MSG3 at least for EDT(Early Data Transmission). Before beginning the discussion on details about an early channel quality report during random access procedure, it is worth recalling how the similar function is being supported in Rel.14 NB-IoT. During RAN1#92bis, RAN1 made the following agreements regarding NB-IoT downlink channel quality report.

	For the downlink channel quality reporting in msg3:

· RAN1 assumes that the UE is not required to measure additional subframes for this feature (e.g., the measured subframes used for cell reselection before random access can be reused).

· RAN1 does not intend to define the subframes used for measurement for DL channel quality reporting.

· In Rel-14, this feature is only supported for the anchor carrier on which the UE received msg2.

· RAN1 will not define a reference resource for NPDCCH (i.e., the location in time of the “virtual PDCCH”)

· RAN1 considers that the indicated hypothetical NPDCCH repetition number (R) should be derived based on averaging the DL quality during a period of time (to average fading out) without incurring in additional wake-ups for measurement.

· RAN1 leaves the decision on the number and value of candidates of R to be decided by RAN2 and RAN4.


The bullets highlighted in yellow can be considered as a baseline for this feature since both systems share many similarities except that narrow band hopping is supported in MTC. In this paper, we discuss what needs to be additionally considered when the early channel quality report feature in NB-IoT is adopted for MTC systems.
2. Discussion
During maintenance work in Rel.15, an early DCQ(Downlink Channel Quality) 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 shared, DCQ report in random access procedure brings practical benefits to NB-IoT UEs and networks by utilizing it for efficient resource assignment or scheduling. Based on these findings, we can expect MTC systems which is another type of low cost and large coverage target system can enjoy the same benefits.
Observation 1: Downlink channel quality report during random access procedure is beneficial if it is used for the following purposes.

· The number of actual repetitions of MPDCCH in Type-2 CSS can be properly adjusted

· A proper code-rate and repetition number of PDSCH carrying Msg.4 can be assigned

Therefore, an early DCQ report needs to be supported, and its procedure should be specified based on the current version in Rel.14 NB-IoT as much as possible to minimize the standardization impact. Regarding the definition of DCQ and measurement reference resources in MTC systems, however, it seems we may have to consider different approaches from NB-IoT taking into account the following aspects:

· NB(Narrow Band) used for MPDCCH transmission can be dispersive over system bandwidth due to frequency hopping
· DCQ information acquired in the Msg.2 NB resources may not represent DCQ which Msg.4 will experience since NB resources in the frequency domain can be different between Msg.2 and Msg.4
· The physical antenna ports used for DCQ estimation can be different from those on which MPDCCH is transmitted

In order to cope with difficulties due to NB hopping, we may think of defining DCQ in terms of NB indices where UE observed the best channel quality. On top of that, DCQ information which will be reported in Msg.3 can be obtained through CRS port(s) in a similar way to CSI measurement in TM9 instead of CSI-RS of which the full configuration cannot be given in RRC idle mode.
Proposal 1: Downlink resources on which UE received Msg.2 are used for measurement reference resources
Proposal 2: The followings can be considered for the information of downlink channel quality in Msg.3

· The repetition number and/or aggregation level that UE needs to decode hypothetical MPDCCH in Type-2 CSS with an error probability not exceeding a certain value(e.g., 0.01)

· The repetition number and/or aggregation level of MPDCCH or PDSCH associated with Msg.2 when UE successfully decoded it

· An NB indice(s) on which UE observed the best channel quality if NB hopping is enabled, and FFS on how to represent channel quality over N NB indices

· The ranges of downlink channel quality can be different depending on the configuration of Type-2 CSS such as the maximum repetition number of MPDCCH, NB hopping configuration, and so forth

Proposal 3: The measurement reference resources (e.g., which RS(s) between DM-RS and CRS; which NB(s) between hopping NBs) and the derivation of channel quality need to be carefully defined taking into account the followings

· MPDCCH is transmitted on the antenna ports of 107 and 109 while CRS antenna ports are from 0 to 3

· Msg.2 can be transmitted on NBs dispersed over system bandwidth when NB hopping is enabled

· Frequency resources used for Msg.4 can be different from those for Msg.2

Recalling back the previous discussion about DCQ support in the Rel.15 NB-IoT, some companies were concerned about UE’s power consumption which could be spent for DCQ measurement because UE may need additional wake-up time even after successfully decodes Msg.2 NPDCCH. We may face the same issue even in DCQ report for MTC which will most likely have similar design with NB-IoT. Hence, another mechanism needs to be considered to prevent UE from spending additional power. For example, if UE decoded Msg.2 within a very small number of Msg.2 repetitions UE can be allowed to skip DCQ measurement or report the repetition number of MPDCCH or PDSCH associated with Msg.2 that UE received until successful decode of it instead of predicting the required repetition number of hypothetical MPDCCH.

Proposal 4: In order to save UE’s power, the following cases can be considered to allow UE to skip or simplify the measurement and report of a downlink channel quality

· When UE successfully decoded Msg.2 within a certain small number of repetition

· When the configured maximum repetition number of MPDCCH in Type-2 CSS is less than a certain value

3. Conclusion
In this contribution, we provided an observation and proposals to support an early channel quality report feature during random access procedure. The observation and proposals are summarized as follows.
Observation 1: Downlink channel quality report during random access procedure is beneficial if it is used for the following purposes.

· The number of actual repetitions of MPDCCH in Type-2 CSS can be properly adjusted

· A proper code-rate and repetition number of PDSCH carrying Msg.4 can be assigned

Proposal 1: Downlink resources on which UE received Msg.2 are used for measurement reference resources
Proposal 2: The followings can be considered for the information of downlink channel quality in Msg.3

· The repetition number and/or aggregation level that UE needs to decode hypothetical MPDCCH in Type-2 CSS with an error probability not exceeding a certain value(e.g., 0.01)

· The repetition number and/or aggregation level of MPDCCH or PDSCH associated with Msg.2 when UE successfully decoded it

· An NB indice(s) on which UE observed the best channel quality if NB hopping is enabled, and FFS on how to represent channel quality over N NB indices

· The ranges of downlink channel quality can be different depending on the configuration of Type-2 CSS such as the maximum repetition number of MPDCCH, NB hopping configuration, and so forth

Proposal 3: The measurement reference resources (e.g., which RS(s) between DM-RS and CRS; which NB(s) between hopping NBs) and the derivation of channel quality need to be carefully defined taking into account the followings

· MPDCCH is transmitted on the antenna ports of 107 and 109 while CRS antenna ports are from 0 to 3

· Msg.2 can be transmitted on NBs dispersed over system bandwidth when NB hopping is enabled

· Frequency resources used for Msg.4 can be different from those for Msg.2

Proposal 4: In order to save UE’s power, the following cases can be considered to allow UE to skip or simplify the measurement and report of a downlink channel quality

· When UE successfully decoded Msg.2 within a certain small number of repetition

· When the configured maximum repetition number of MPDCCH in Type-2 CSS is less than a certain value
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