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1 Background
In RAN#80, a new work item on MTC enhancements was approved (RP-181450) with the following objective:
[bookmark: _Hlk515907705]Improved DL transmission efficiency and/or UE power consumption:
· Specify quality report in MSG3 at least for EDT [RAN1, RAN2]

In RAN1#97, the following agreements were reached:

Agreement
· Specify DL quality information with up to 8 bits for DL quality report in at least
· Msg3 report for EDT case
· Msg3 report for connected mode
· Fixed range of DL quality information is defined for DL quality report with up to 8 bits

Agreement
For both DL quality report in Msg3 in IDLE mode and DL quality report in connected mode:
· Confirm the following working assumption:
· For DL quality report in CE mode A (PRACH CE level 0, 1), the pre-defined maximum aggregation level is fixed to 24.
· For DL quality report in CE mode B (PRACH CE level 2, 3), the pre-defined maximum aggregation level is fixed to 24.

Agreement
Confirm the following working assumption:
· For DL quality report in Msg3 for IDLE mode UEs, the narrowband(s) for downlink quality measurement includes at least the narrowband(s) on which MPDCCH of RAR is monitored.

Agreement
For DL quality report in connected mode, the mechanism for triggering is based on one or more of the following:
· DCI (e.g. UL grant, PDCCH order)
· MAC CE


Agreement
For IDLE mode DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1) with up to 8 bits, if the repetition number in DL quality information equals to 1, select one between the following alternatives in RAN1#98 meeting:
· Alternative 1: Repetition number =1 is reported with aggregation level 
· Alternative 2: Repetition number =1 is reported assuming aggregation level of 24

Agreement
For IDLE mode DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1) with up to 8 bits, if frequency hopping for MPDCCH is enabled, select one between the following alternatives in RAN1#98 meeting:
· Alternative 1: Only wideband DL quality is reported.
· Alternative 2: DL quality on a preferred narrowband and position of the preferred narrowband are reported in addition to wideband DL quality.
· The preferred narrowband is selected within the set of narrowband(s) on which wideband DL quality is measured.
Additionally, the following information was received in LS from RAN2 (R2-1905471):
For EDT, RAN2 has agreed that a new MAC CE will be defined to carry the Quality Report.

Non-EDT

For the non-EDT case, when eNB provides minimum TBS size of 56 bits in the random access response, RAN2 confirms that two unused bits in MAC subheader can be used to send the Msg3 quality report.

However, if eNB provides the TBS size that is prolonged to the next available TBS size as shown below in Table 1 in the random access response, there is a maximum of 8 bits available for the Msg3 quality report.
[bookmark: _Ref3559999]Table 1: Possible TBS Sizes for Msg3

Minimum Msg3 TBS 
[bit]
prolonged Msg3 TBS
[bit]
RRCConnectionRequest
56
72
RRCConnectionResumeRequest
(with fullResumeID)
72
88
RRCConnectionResumeRequest 
(with truncatedResumeID)
56
72
RRCConnectionReestablishmentRequest
56
72

EDT

For EDT case, a MAC CE is used and a maximum of 8 bits are available for Mgs3 quality report.

For Msg3 quality report in CONNECTED state, it is possible to use same MAC CE based solution with a maximum of 8 bits available for Msg3 quality report.











Number of bits for non-EDT
In RAN1#97, it was agreed to support 8-bit quality reporting for connected mode reporting. The remaining issue is whether to support 8-bit, 2-bit or both in IDLE mode. We make the following observations about the two alternatives:
- Keep current msg3 size, and use 2 bits: The advantage of this method is that there is no increase in power consumption at the UE size, since the TBS is the same and, therefore, there is no PHY penalty for transmitting the CQI in msg3.
- Increase the size of msg3 by ~29% and use 8 bits: Although the flexibility of this method is increased (allow for up to 255 possibilities for reporting), this would increase the power consumption of all UEs of all releases accessing the eNB, regardless of whether they support CQI reporting or not. This is due to the fact that the eNB does not know the UE capabilities at the moment of granting msg3.
In Figure 1 we show the SNR vs BLER results for different TBS and repetition levels.
[image: ]
Figure 1 BLER vs SNR for different TBS and repetition levels, 1 RB.
Also, in Figure 2 we show a subset of the TBS table that is of interest for this problem. 

[image: ]
Figure 2 TBS table. Highlighted the TBS that can be scheduled by RAR grant in CE mode B
[bookmark: _GoBack]From the TBS table and the BLER performance, we make the following observations:
· For CE mode A and 56 bit original msg3, we can schedule a 72 bit TBS by using MCS5, 1PRB. As observed in Figure 1, we lose ~1dB in SNR by doing this.
· For CE mode B and 56 bit original msg3, we can schedule a 72 bit TBS by using MCS2, 2PRB. As observed in Figure 1, we lose ~1dB in SNR by doing this.
· For CE mode A and 72 bit original msg3, we have two options. We can move to 3PRB/MCS1 to schedule an 88 bit TBS (thus using 3x more resources), or schedule a 104 bit TBS (losing ~1.5dB in SNR).
· For CE mode B and 72 bit original msg3, we cannot schedule 88 bits from the random access response, since this is not a valid TBS. Thus, we have to schedule a 104TBS (losing ~1.5dB in SNR).


Observation 1: Increasing the msg3 TBS increases the power consumption of all UEs accessing the eNB – regardless of release, or whether they support CQI reporting. The loss in SNR is between 1 and 1.5dB, depending on the case.

Also, note that with the introduction of connected more reporting (and also CQI in CE mode A), the UE may be able to provide more accurate CQI later on, so the increase in TBS does not seem to be justified.
In some cases, however, the UE may anyway receive a msg3 grant larger than needed (e.g. if there are some UEs in the network using UP optimization, the network would need to send a msg3 able to fit resumeID, and some UEs not operating in UP optimizations may have spare space to include the report). Thus, we propose the following:
Proposal 1: For non-EDT case:
- If the UE has enough space in the TBS to include the new MAC CE for CQI, reuse EDT mechanism.
- If the UE does not have enough space to include the new MAC CE for QCI, use 2 bits in MAC header to signal 3 different possibilities for the desired number of repetitions.



Remaining details for CE mode A
For CE mode A, the following two alternatives for channel reporting are considered:
- Report only wideband CQI
- Report both wideband CQI + preferred narrowband CQI
The benefit of the second one would be to be able to schedule PDSCH or configure MPDCCH in msg4 in the preferred narrowband. However, we make the following observations:
- For PDSCH scheduling, it is possible to request A-CSI after msg4, so the advantage of wideband + narrowband is only for msg4 scheduling.
- In some cases, especially if the number of repetitions for MPDCCH is small and the MPDCCH candidate is sent at the beginning of the RA window, the UE may not have time to measure all narrowbands.
- For configuring the MPDCCH in msg4, unless there is a case where all the narrowbands except the preferred one are strongly jammed, the usefulness of this mechanism is reduced.
Thus, the main benefit of this scheme seems to be scheduling of PDSCH for msg4. Given the observed reduced benefit and the additional specification impact, we make the following proposal:
Proposal 2: For IDLE mode DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1) with up to 8 bits:
· Alternative 1: Only wideband DL quality is reported.

The other remaining issue for CE mode A is whether we report only the repetition number or, for the case of R=1, aggregation level reporting is supported. Reporting aggregation level allows effectively to report a larger SNR value. In general, it is desirable to indicate that the SNR is larger or smaller than the target SNR of MPDCCH (given by mpdcch-NumRepetitions-RA). Therefore, for the case of 2-bit indication:
- For the case of mpdcch-NumRepetitions-RA1, reporting higher SNR than R=1 would require to report a lower aggregation level than 24.
- For the case of mpdcch-NumRepetitions-RA, a higher SNR value than the target MPDCCH coverage can be given by reporting R=1. In this case, the benefits of reporting aggregation level seems to be limited.
Proposal 3: At least for the case of 2-bit report and mpdcch-NumRepetitions-RA2, aggregation level reporting is not supported.
If we have enough bits for the report, it may be desirable to report a higher SNR, but the benefits of this may be hindered by the accuracy in estimating SNR. For example, the SNR difference between L=24 and L=16 is ~1.76dB. RAN2/RAN4 should discuss the details of the complete set of candidates taking into account overhead and accuracy requirements.
Proposal 4: For the other cases (8-bit report or mpdcch-NumRepetitions-RA1), let RAN2/RAN4 discuss the set of candidate values (including aggregation level).

Details of signalling
Based on the previous agreements:
- For non-EDT msg3, the reporting may use 2 bits.
- For EDT msg3 and connected mode, the reporting uses up to 8 bits.
For the non-EDT case with 2 bits, we propose to follow a similar approach as in NB-IoT, where the set of candidates {R} for the reporting depends on the configured maximum number of repetitions.
Proposal 5: For msg3 reporting with 2 bits, the set of 3 candidates for Rdesired depends on mpdcch-NumRepetitions-RA for the corresponding coverage level.

Summary of proposals
In this contribution we presented our views on channel quality reporting in msg3 for eMTC. We made the following proposals:
Observation 1: Increasing the msg3 TBS increases the power consumption of all UEs accessing the eNB – regardless of release, or whether they support CQI reporting. The loss in SNR is between 1 and 1.5dB, depending on the case.

Proposal 1: For non-EDT case:
- If the UE has enough space in the TBS to include the new MAC CE for CQI, reuse EDT mechanism.
- If the UE does not have enough space to include the new MAC CE for QCI, use 2 bits in MAC header to signal 3 different possibilities for the desired number of repetitions.

Proposal 2: For IDLE mode DL quality report in Msg3 in CE mode A (PRACH CE level 0, 1) with up to 8 bits:
· Alternative 1: Only wideband DL quality is reported.

Proposal 3: At least for the case of 2-bit report and mpdcch-NumRepetitions-RA2, aggregation level reporting is not supported.

Proposal 4: For the other cases (8-bit report or mpdcch-NumRepetitions-RA1), let RAN2/RAN4 discuss the set of candidate values (including aggregation level).

Proposal 5: For msg3 reporting with 2 bits, the set of 3 candidates for Rdesired depends on mpdcch-NumRepetitions-RA for the corresponding coverage level.
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