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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.
RAN1#95
Agreement
· For CE mode A (PRACH CE level 0, 1), the downlink channel quality is the repetition number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1% 

Agreement
· DL quality report is transmitted via higher layer signaling, e.g. MAC CE or RRC message


RAN1 finally downselected one among two alternatives in the previous RAN1 meeting. And it is expected that downlink channel quality measurement and report during random access procedure in eMTC system would be similar with that those for anchor-carrier in NB-IoT one. Nonetheless, RAN1 has a long way to go since there are aspects which NB-IoT hadn’t needed to consider when it was introduced, e.g, frequency hopping, dynamic indication of frequency resource for Msg3/4 MPDCCH monitoring, and so on. Besides, RAN plenary approved adding the following objective on top of the original one, downlink quality report in Msg3 at least for EDT,[1][2] since the definition of downlink channel quality for both CE mode A and B looks aligned with the radio link failure criteria and suitable for optimizing MPDCCH configuration in RRC connected mode.
· Specify aperiodic quality report in connected mode using same quality definition as in Msg3 [RAN1, RAN2, RAN4]

In this paper, we discuss details and share our views about how to measure and report downlink channel quality information taking into account MTC-specific features, e.g. CE modes, frequency hopping, repetitions, etc., for both RRC Idle and Connected modes.
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 Msg2 NB resources may not represent DCQ which Msg4 will experience since NB resources in the frequency domain can be different between Msg2 and Msg4
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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 Msg2 : depends on selected preamble index in Msg1 and SIB configuration, and frequency hopping can be enabled according to rar-HoppingConfig

· PDSCH of Msg2 : scheduled by MPDCCH of Msg2, and frequency hopping can be enabled according to rar-HoppingConfig

· MPDCCH of Msg3/4 : same as MPDCCH of Msg2, but an offset value with respect to NB index of MPDCCH of Msg2 can be additional applied by UL grant in RAR

· PDSCH of Msg4 : scheduled by MPDCCH of Msg4, 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 1: For CQI report in RRC Idle mode, 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 2: For CQI report in RRC Idle mode, a range of MPDCCH 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
· FFS when the narrowband(s) indicated by RAR for the monitoring of MPDCCH of Msg3/4 is placed more than [X] PRBs apart from those for MPDCCH of RAR
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 with respect to PDSCH 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. In addition, when DCQ report in RRC Connected mode is considered, needless to say, it should follow aperiodic CSI report mechanism as instructed by WID. And UE-selected subband feedback is able to provide more precise DCQ information compared to wideband feedback. Taking into these respects, what feels natural to us is 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 3: Depending on whether frequency hopping for RAR is activated or deactivated, which MQI(MPDCCH Quality Information) will be reported on Msg3 is determined as follows
· When frequency hopping for RAR is activated,
· One wideband MQI value which is calculated assuming transmission on all narrowband(s) in the CSI reference resource
· One preferred narrowband position and one MQI value reflecting transmission only over the selected narrowband in the CSI reference resource

· When frequency hopping for RAR is not activated,
· One MQI which is calculated assuming transmission on the narrowband for RAR monitoring is reported
According to the agreement, ‘Enabling of DL quality report is indicated in SIB’, UE will be able to see beforehand that eNB may instruct UE to report DCQ information in Msg3. 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 Msg3 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 4: Whether or not UE in RRC Idle mode 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

According to the newly updated WID, aperiodic DCQ information can be also reported by UE in RRC Connected mode and its definition is supposed to be the same as in Msg3”. However, there must be a few couple of aspects which needs to be taken into consideration, for instance:
· Types of search space

· Type2-CSS : RRC Idle mode

· Type0-CSS: CE mode A in RRC Connected mode

· USS : CE mode A and B in RRC Connected mode

· MPDCCH performance improvements being discussed in one of Rel.16 parallel agendas

· Relationship with regard to ports between CRS and MPDCCH-DMRS, e.g., power and port mapping
Firstly, what motivates eNB to trigger UE’s report of DCQ information with respect to MPDCCH not PDSCH is to optimize MPDCCH configuration such as Rmax rather than adjusting the instantaneous repetition number R of MPDCCH, whereas DCQ information is going to be used for determining the repetition number of MPDCCH for Msg3/4 which is immediately following DCQ report on Msg3. Taking it into account, what feels natural the most is a reference search space of hypothetical MPDCCH for DCQ derivation in RRC Connected mode should be USS since it is the only search space which can be reconfigured per UE based on reported DCQ information.
Secondly, certain post-Rel.15 UEs may be able to derive DCQ based on channel information obtained through MPDCCH DMRS as well as CRS antenna port(s) depending on a mechanism which will be introduced for “MPDCCH performance improvements”. While this new feature may not be efficiently used during DQI report procedure in RRC Idle mode because eNB does not know whether the UE supports the feature of MPDCCH performance improvements or not until a contention-resolution step is completed and the UE’s feature-list is reported, it can be considered for UEs in RRC Connected mode.
Proposal 5: MPDCCH quality information in RRC Connected mode reuses the same definition as in Msg3 but represents a quality with respect to USS for both CE mode A and B
· FFS on whether and how to proceed along with another agenda of MPDCCH performance improvements (e.g., when additional information such as mapping and/or power offset between CRS and DMRS antenna ports of MPDCCH is available)
3. Conclusion
In this contribution, we provided proposals to support MPDCCH quality report feature in both RRC Idle and Connected modes. The proposals are summarized as follows.
Proposal 1: For CQI report in RRC Idle mode, the CSI reference resource is restricted to narrow bands on which UE monitors MPDCCH for RAR
Proposal 2: For CQI report in RRC Idle mode, a range of MPDCCH 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
· FFS when the narrowband(s) indicated by RAR for the monitoring of MPDCCH of Msg3/4 is placed more than X PRBs apart from those for MPDCCH of RAR
Proposal 3: Depending on whether frequency hopping for RAR is activated or deactivated, which MQI(MPDCCH Quality Information) will be reported on Msg3 is determined as follows
· When frequency hopping for RAR is activated,
· One wideband MQI value which is calculated assuming transmission on all narrowband(s) in the CSI reference resource
· One preferred narrowband position and one MQI value reflecting transmission only over the selected narrowband in the CSI reference resource

· When frequency hopping for RAR is not activated,
· One MQI which is calculated assuming transmission on the narrowband for RAR monitoring is reported
Proposal 4: Whether or not UE in RRC Idle mode 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 5: MPDCCH quality information in RRC Connected mode reuses the same definition as in Msg3 but represents a quality with respect to USS for both CE mode A and B
· FFS on whether and how to proceed along with another agenda of MPDCCH performance improvements (e.g., when additional information such as mapping and/or power offset between CRS and DMRS antenna ports of MPDCCH is available)
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