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1. Introduction

Agreements in RAN1 meetings so far for the support of downlink channel quality report during random access procedure are listed in the table below.
	RAN1#94

Agreement
· Prioritize the following alternatives for DL quality report in Msg3 in MTC, for CE Mode A and CE Mode B separately:

· CQI (for CE Mode A)

· Repetition number related to UE decoding of actual or hypothetical MPDCCH/PDSCH 

· FFS if aggregation level needs to be reported when repetition number equal to 1

· RSRP/RSRQ

· Companies are encouraged to provide details and/or performance evaluation results

· Whether the DL quality report is included in Msg3 is indicated in SIB and/or RAR.
Above applies in case the UE supports DL quality report in Msg3.
RAN1#94bis
Agreement
· For CE mode A (PRACH CE level 0, 1), the downlink channel quality is down-selected among the following in RAN1#95:
· CQI
· The repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%
· Support both CQI and repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1%
· For CE Mode B, the downlink channel quality reported in Msg3 is denoted as the repetition number that the UE recommends to achieve a hypothetical MPDCCH decoding BLER of 1%
· CRS may be used as the reference signal for measurement of DL quality metric for measurement report in Msg3.
· Enabling of DL quality report is indicated in SIB.


As can be seen from the above, the main topic of discussion so far seems to have been bounded by how to define DCQ(Downlink Channel Quality) for CE mode A and B. Compared to the agreements from RAN1#94, the only remaining topic with regard to the definition of DCQ is which option will be taken out of three options for CE mode A. Therefore, it seems RAN1 is ready to discuss details about how to measure and report DCQ taking into account MTC-specific features, e.g. CE modes, frequency hopping, repetitions, etc. 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, and share our views on scenarios which can be further considered.
2. Discussion
An early DCQ(Downlink Channel Quality) report will most likely have to be developed based on the current version of DCQ report 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:

· NBs(Narrow Bands) 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
First of all, DCQ information which will be reported in Msg.3 may have to be derived based on channel information obtained through CRS antenna port(s) in a similar way to CSI measurement in TM9 according to the agreement in the previous RAN1#94bis meeting. Moreover, when DCQ represents CQI with the same or similar definition of CQI for CSI report in CE mode A, reference TM(Transmission Mode) needs to be given to UE in RRC Idle mode because UE specific TM cannot be configured for the UE.
Proposal 1: When UE derives downlink channel quality information, the reference TM is assumed as follows
· If the number of CRS ports is one, TM1 is assumed as the reference TM

· Otherwise, TM2 is assumed as the reference TM

Another necessary parameter when UE derives CQI from CSI reference resource is a reference repetition number of virtual channel corresponding to the CQI. In the case of CSI measurement in RRC connected mode, a reference repetition number that UE needs to refer to can be signalled and/or it can be reported together with CQI value. When UE is in RRC idle mode, on the other hand, the same signalling or mechanism cannot be directly adopted.
Proposal 2: If CQI is used for the downlink channel quality in CE mode A, how to deal with a reference repetition number of PDSCH for CQI estimation and report needs to be taken into account
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Figure.1 Flow chart of initial random access procedure
In order to figure out how NB resources in the time and frequency domain are used in the initial access procedure, we can refer to Figure.1 and have a look at the following detailed aspects about frequency resources.
· PSS/SSS/PBCH : center 6RBs

· SIB1-BR : distributed RBs depending on DL bandwidth and cell ID

· Other SIBs : depends on scheduling information in SIB1-BR

· MPDCCH of Msg.2 : depends on selected preamble index in Msg.1 and SIB configuration, and frequency hopping can be enabled according to rar-HoppingConfig

· PDSCH of Msg.2 : scheduled by MPDCCH of Msg.2, and frequency hopping can be enabled according to rar-HoppingConfig

· MPDCCH of Msg.3/4 : same as MPDCCH of Msg.2, but an offset value with respect to NB index of MPDCCH of Msg.2 can be additional applied by UL grant in RAR

· PDSCH of Msg.4 : scheduled by MPDCCH of Msg.4, and frequency hopping can be enabled according to rar-HoppingConfig
As can be seen in the list above, the frequency resources used in the random access procedure are quite different from those in NB-IoT, which ends up making an early DCQ measurement/report a bit more complicated. But despite of these aspects, expanding CSI reference resources in order to reflect DCQ in cases where NB MPDCCH of Msg2 and MPDCCH/PDSCH of Msg4 are transmitted in different NB resources may cause UE’s additional power consumption which is not appropriate for low cost and power limited UEs.
Proposal 3: The CSI reference resource is restricted to narrow bands on which UE monitors MPDCCH for RAR

On the other hand, whether NB MPDCCH of Msg2 and MPDCCH/PDSCH of Msg4 are transmitted in the same or different NB resources can be taken into account for determining an appropriate range of DCQ values. Besides, the maximum repetition number of MPDCCH and/or NB hopping for MPDCCH in Type-2 CSS can be a factor which affects a range of DCQ values because measured DCQ values may have different distributions depending on the aforementioned factors.
Proposal 4: A range of downlink channel quality information can be different depending on the followings

· The configuration of Type-2 CSS such as the maximum repetition number of MPDCCH, NB hopping configuration, and so forth

· Whether or not the narrowband(s) for MPDCCH of RAR monitoring is the same as those for MPDCCH of Msg3/Msg4

Another topic RAN1 needs to discuss in this agenda is DCQ report mode in Msg3. In order to facilitate a detailed discussion on it, we can first have a look at which CSI report modes are supported in MTC. UE in CE mode A supports periodic and aperiodic CSI report as follows.
· For aperiodic CSI report and for TM1, 2, 6, and 9
· CSI report mode 2-0 : UE-selected subband feedback
· For periodic CSI report and for TM 1, 2, and 9

· CSI report mode 1-0 : Wideband feedback only with CQI

· For periodic CSI report and for TM 6 and 9

· CSI report mode 1-1 : Wideband feedback with CQI and PMI
First of all, what we can simply exclude from CSI information above is PMI because TM6 and 9 cannot be configured in RRC Idle mode. Then the next issue is which feedback mode is more appropriate baseline for DCQ report between wideband and UE-selected subband feedback modes. Basically, an early DCQ report can be seen as aperiodic CSI report as it is only triggered in the random access procedure. And UE-selected subband feedback is able to provide more DCQ information compared to wideband feedback. Taking into these respects, we prefer UE-selected subband feedback to wideband one as a baseline of DCQ feedback/report especially when frequency hopping for RAR is activated. On top of that, when frequency hopping for RAR is not activated, the current UE-selected subband feedback can be simplified in such a way that differential CQI and position of the selected narrowband are excluded from DCQ information.
Proposal 5: Depending on whether frequency hopping for RAR is activated or deactivated, which DQI(Downlink channel Quality Information) will be reported is determined as follows

· When frequency hopping for RAR is activated,

· One wideband DQI value which is calculated assuming transmission on all narrowband(s) in the CSI reference resource

· One preferred narrowband position and one DQI value reflecting transmission only over the selected narrowband in the CSI reference resource

· When frequency hopping for RAR is not activated,

· One DQI which is calculated assuming transmission on the narrowband for RAR monitoring is reported

In the previous meeting, we made an agreement, ‘Enabling of DL quality report is indicated in SIB’, which means UE can see beforehand that eNB may instruct UE to report DCQ information in Msg.3. however, there could be a need for eNB to tell individual UEs not to report DCQ information in a dynamic manner if eNB cannot allocate large TBS or enough resource for Msg.3 transmission. For example, when we consider that Msg3 supports various values of TBS and the required number of states for DCQ information may not be negligible, eNB may want to cancel the report of DCQ so that eNB can allocated small TBS for Msg3 rather than reserve additional bits in Msg3 which may be filled with zeros if the UE does not support DCQ report in Msg3. To provide the aforementioned benefit in terms of scheduling flexibility to eNB, whether to report DCQ in Msg3 needs to be signaled in a dynamic manner by means of unused field in RAR and/or UL grant in RAR, e.g. CSI report field in UL grant for CE mode A and ‘R’ bit in RAR for CE mode B.
Proposal 6: Whether or not UE reports the measured downlink channel quality information can be triggered in a dynamic manner as follows

· For CE mode A, CSI report field in UL grant of RAR is used for the dynamic triggering signal

· For CE mode B, ‘R’ bit in RAR is used for the dynamic triggering signal

· If RAR is related to EDT grant, whether or not to report downlink channel quality information is determined by higher layer signaling

Note that one of the parallel agendas for the LTE-MTC WI in Rel.16 is ‘CE mode A and B improvements for non-BL UEs’. Though an early DCQ report is not in the suggested list under that agenda, it will be obviously beneficial if non-BL UE in CE mode supports an early DCQ report in Msg3 based on more than single receiving antenna port. However whether to derive DCQ information for initial random access procedure may be left as an implementation choice if we do not deal with this potential case. Therefore, we would like to have this case as an open issue so that we can discuss further and see if there would be more issues RAN1 needs to take care of.
Proposal 7: Discuss the following issues related to Non-BL UE’s downlink channel quality information report based on more than single receiving antenna port

· Whether downlink channel quality should be measurement by using one or more than one receiving antenna port

· Whether eNB needs a controllability on the number of receiving antenna ports for the downlink channel quality measurement

· Whether eNB needs to know the number of receiving antenna ports which were used to measure downlink channel quality

· A proper range of downlink channel quality values taking into account the number of receiving antenna ports for the downlink channel quality measurement

There is another use case that DCQ measurement and report may be necessary, which is PUSCH 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 PUSCH 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 counterpart agenda in NB-IoT during the previous RAN1#94bis meeting. However, it seems a bit premature to discuss whether or not to include the scenario of PUSCH 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 1: Measurement and report of downlink channel quality can be beneficial for UE in RRC idle mode transmitting PUSCH in preconfigured UL resources as downlink channel quality can vary over time
3. Conclusion
In this contribution, we provided proposals to support an early channel quality report feature during random access procedure. The observation and proposals are summarized as follows.
Observation 1: Measurement and report of downlink channel quality can be beneficial for UE in RRC idle mode transmitting PUSCH in preconfigured UL resources as downlink channel quality can vary over time
Proposal 1: When UE derives downlink channel quality information, the reference TM is assumed as follows
· If the number of CRS ports is one, TM1 is assumed as the reference TM

· Otherwise, TM2 is assumed as the reference TM

Proposal 2: If CQI is used for the downlink channel quality in CE mode A, how to deal with a reference repetition number of PDSCH for CQI estimation and report needs to be taken into account

Proposal 3: The CSI reference resource is restricted to narrow bands on which UE monitors MPDCCH for RAR

Proposal 4: A range of downlink channel quality information can be different depending on the followings

· The configuration of Type-2 CSS such as the maximum repetition number of MPDCCH, NB hopping configuration, and so forth

· Whether or not the narrowband(s) for MPDCCH of RAR monitoring is the same as those for MPDCCH of Msg3/Msg4

Proposal 5: Depending on whether frequency hopping for RAR is activated or deactivated, which DQI(Downlink channel Quality Information) will be reported is determined as follows

· When frequency hopping for RAR is activated,

· One wideband DQI value which is calculated assuming transmission on all narrowband(s) in the CSI reference resource

· One preferred narrowband position and one DQI value reflecting transmission only over the selected narrowband in the CSI reference resource

· When frequency hopping for RAR is not activated,

· One DQI which is calculated assuming transmission on the narrowband for RAR monitoring is reported

Proposal 6: Whether or not UE reports the measured downlink channel quality information can be triggered in a dynamic manner as follows

· For CE mode A, CSI report field in UL grant of RAR is used for the dynamic triggering signal

· For CE mode B, ‘R’ bit in RAR is used for the dynamic triggering signal

· If RAR is related to EDT grant, whether or not to report downlink channel quality information is determined by higher layer signaling

Proposal 7: Discuss the following issues related to Non-BL UE’s downlink channel quality information report based on more than single receiving antenna port

· Whether downlink channel quality should be measurement by using one or more than one receiving antenna port

· Whether eNB needs a controllability on the number of receiving antenna ports for the downlink channel quality measurement

· Whether eNB needs to know the number of receiving antenna ports which were used to measure downlink channel quality

· A proper range of downlink channel quality values taking into account the number of receiving antenna ports for the downlink channel quality measurement

