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1	Introduction
In the work item description (WID) of Rel-16 MTC enhancements for LTE, the following objective is listed as one of the improvements of DL transmission efficiency and/or UE power consumption for BL/CE UEs [1]. 
· [bookmark: _Hlk515907705]Specify quality report in MSG3 at least for EDT [RAN1, RAN2]

In RAN1#94, the following agreements were made:

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
Agreement
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.

In RAN1#94bis, the following agreements were made:

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%

Agreement
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%

Agreement
CRS may be used as the reference signal for measurement of DL quality metric for measurement report in Msg3.

Agreement
Enabling of DL quality report is indicated in SIB.

In this contribution, we discuss further aspects of the support of Msg3 quality reporting for LTE-MTC. 
[bookmark: _Ref178064866]2	Discussion
2.1	Background
Periodic and aperiodic CSI reporting is supported in connected mode in CEmodeA but not in CEmodeB. For periodic CSI reporting, PUCCH is used. For aperiodic CSI reporting, PUSCH is used according to section 7.2.1 of TS 36.213 [2] as follows.

A BL/CE UE shall perform aperiodic CSI reporting using the PUSCH upon decoding either:
-	an uplink DCI format, or
-	a Random Access Response Grant,

for serving cell  if the respective CSI request field is set to trigger a report and is not reserved. The subframe(s) in which the PUSCH carrying the corresponding aperiodic CSI reporting triggered by an UL DCI format is transmitted is determined according to Subclause 8.0.

The Random Access Response (RAR) Grant formats for BL/CE UE are given in Table 1 (for the non-EDT case) and Table 2 (for the EDT case), and detailed interpretation of each field is given in section 6.2 in [2]. Notice that in the (RAR) Grant, there is a 1-bit CSI request field, which can request the UE to report CSI. However, in contention based random access procedure, the CSI request field is reserved.

[bookmark: _Ref520980193]Table 1: Random Access Response Grant Content field size for non-EDT case
	DCI contents
	CEmodeA
	CEmodeB

	Msg3 PUSCH narrowband index
	

	2

	Msg3 PUSCH Resource allocation
	4
	3

	Number of Repetitions for Msg3 PUSCH
	2
	3

	MCS
	3
	0

	TBS
	0
	2

	TPC
	3
	0

	CSI request
	1
	0

	UL delay
	1
	0

	Msg3/4 MPDCCH narrowband index
	2
	2

	Zero padding
	
4 - 
	0

	Total Nr-bits
	20
	12



[bookmark: _Ref521414451]Table 2: Random Access Response Grant Content field size for EDT case
	DCI contents
	CEmodeA
	CEmodeB

	Msg3 PUSCH narrowband index
	

	3

	Msg3 PUSCH Resource allocation
	5
	3

	Number of Repetitions for Msg3 PUSCH
	2
	3

	TPC
	3
	0

	CSI request
	1
	0

	UL delay
	1
	0

	Msg3/4 MPDCCH narrowband index
	

	3

	Zero padding
	
8 - 
	0

	Total Nr-bits
	20
	12



The Msg3/4 MPDCCH narrowband index indicates the narrowband used for first subframe of MPDCCH configured by Temporary C-RNTI and/or C-RNTI during random access procedure as given in Table 6.2-B (for the non-EDT case) and Table 6.2-H (for the EDT case) in TS 36.213 [2]. 
[bookmark: _Toc528934562]In the RAR grant for CEmodeA, the eNB can request UE for CSI reporting. However, currently this is not supported for contention based random access procedure for BL/CE UEs, and the field is not available in CEmodeB. 
Figure 1 and Figure 2 show the definitions of the MAC RAR message for BL/CE UEs [3]. As can be seen from the figures, the UL grant field is 4+8+8=20 bits for CEmodeA and 4+8=12 bits for CEmodeB. 


[bookmark: _Ref494242395]Figure 1: Definition of MAC RAR for CEmodeA (PRACH CE level 0 & 1)



[bookmark: _Ref494242397]Figure 2: Definition of MAC RAR for CEmodeB (PRACH CE level 2 & 3)
If EDT is not configured, Table 3 and Table 4 show the TBS tables for Msg3 in CE modes A and B, respectively. If EDT is configured, the UE can send up to 1000 bits in Msg3 in CEmodeA and up to 936 bits in Msg3 in CEmodeB [2]. 
[bookmark: _Ref510780586]Table 3: TBS table for Msg3 in CEmodeA
	IMCS
	NPRB

	
	1
	2
	3
	6

	0
	16
	32
	56
	152

	1
	24
	56
	88
	208

	2
	32
	72
	144
	256

	3
	40
	104
	176
	328

	4
	56
	120
	208
	408

	5
	72
	144
	224
	504

	6
	328
	176
	256
	600

	7
	104
	224
	328
	712



[bookmark: _Ref510780588]Table 4: TBS table for Msg3 in CEmodeB
	ITBS
	NPRB

	
	1
	2

	0
	56
	152

	1
	88
	208

	2
	144
	256

	3
	176
	328



[bookmark: _Toc528934563]From RAN1 perspective, there are enough bits in Msg3 for channel quality reporting for BL/CE UEs in both the non-EDT case and the EDT case. 

2.2	Channel quality reporting in Msg3
[bookmark: _Hlk521249437]Channel quality reporting in Msg3, would be beneficial for the network for DL link adaptation early on in a session. In RAN1#94bis, it was agreed to:
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%

Currently, CSI reporting is only supported in connected mode for BL/CE UEs in CEmodeA, and the procedures are given in section 7.2 in TS 36.213 [2]. CEmodeB supports neither periodic nor aperiodic CSI reporting [2]. Notice that, the network would only configure a UE to CEmodeB, if the UE is in bad coverage, i.e., the UE chooses to a PRACH level with larger number of repetitions. 

During the discussion in RAN1#94bis [4], it was discussed whether the channel quality reporting should be reporting in L1 instead of L2, e.g., similarly as piggybacked UCI mapped on PUSCH in legacy system, where the PUSH is rate-matched. It is the understanding of the sourcing company that L1 feedback targets very fast feedback for dynamic scheduling and link adaptation. However, the eNB does not know whether the UE supports the DL channel quality reporting. Therefore, L1 reporting would results in a significant increasing in eNB processing, as the eNB needs to blindly detect whether the UCI is included or not. Furthermore, it is expected the number of bits for the reporting is not big, and hence it is not expected that the report is CRC protected. Therefore, the reliability of the reporting is also questionable. 
[bookmark: _Toc528934564]L1 reporting mechanism significantly increase the eNB processing complexity, as it requires the eNB to blindly detect whether UCI is included in the PUSCH transmission. 
Moreover, as this feature is not the target of channel quality reporting in Msg3, as the purpose of the report is to give the network information to setup the proper parameters for the later communications. Therefore, accuracy and reliability of the reporting is more important. Therefore, it is proposed that 
1. [bookmark: _Toc528690632][bookmark: _Toc528934565]L1 reporting mechanism should not be used for channel quality report in Msg3 in LTE-MTC.
For CEmodeA, the reporting of CQI is useful. During the RAN1#94bis discussion, it was suggested that both CQI and number and/or aggregation level that the UE needs to decode hypothetical MPDCCH with BLER of 1% can be reported in CEmodeA. This is because the number of repetitions and CQI can complement each other and gives better insight of the UE coverage conditions. On the one hand, for UEs in good coverage, it is expected that only a small number or no repetitions are needed for MPDCCH for UEs in CEmodeA, in this case, the CQI reporting gives good insight about the UE coverage. On the other hand, when the UE is in extended coverage, as the calculation of CQI does not consider the number of repetition, the UE would most likely to report a very low CQI value all the time. Therefore, it is proposed that 
[bookmark: _Toc528934566]For CEmodeA, the DL quality reporting in Msg3, both CQI and repetition number that the UE needs to decode hypothetical MPDCCH with BLER of 1% should be reported. 
According to [2], for a BL/CE UE configured with CEmodeA, periodic CSI reporting mode 1-0 (CQI only, carried by PUCCH) and aperiodic CSI reporting mode 2-0 (CQI only, carried by PUSCH) are supported for TM1, TM2 and TM9, and periodic CSI reporting mode 1-1 (CQI and PMI, carried by PUCCH) is supported for TM6 and TM9. For a BL/CE UE, RI is not reported. As channel quality reporting in Msg3 is before RRC setup, there is no need to report PMI. Therefore, only CQI reporting is necessary for channel quality reporting in Msg3. 
The detailed CQI reporting for a BL/CE UE using CSI reporting mode 2-0 is described in in section 7.2 in [2], and this can be largely reused for CQI reporting in Msg3. The only difference is that, currently the CQI reporting is configured per UE, e.g. which CSI configurations should be used for the CQI reporting. For CQI reporting in Msg3, however, this should be broadcast in SI (unless it is fixed in the specifications). 
[bookmark: _Toc528934567]For CQI reporting in Msg3, reuse the current CQI reporting definitions and steps from connected mode, and configurations related to CQI reporting in Msg3 should be broadcast in SI. 
As discussed in RAN1#94, there is one CSI request bit in the Random-Access Response Grant in CEmodeA, but there is no such bit in CEmodeB. As the CSI configurations should be used for the CQI reporting is broadcast in SI, the UE would expect the network to ask for it. Therefore, to achieve a unified design for both CEmodeA and CEmodeB, the number of repetition to decode hypothetical MPDCCH with BLER of 1% should always be reported if the UE supports the feature and the feature is configured in the cell. Moreover, for CEmodeA, if necessary, the network can request the UE to report CQI in the Random-Access Response Grant in CEmodeA. 
[bookmark: _Toc528934568]The inclusion of DL quality report in Msg3 should be possible to configure independently per CE mode or per PRACH CE level in the SI. 
[bookmark: _Toc528934569]For both CEmodeA and CEmodeB, the number of repetitions to decode hypothetical MPDCCH with BLER of 1% should always be reported if the UE supports the feature and the feature is configured. 
[bookmark: _Toc528934570]For CEmodeA, the inclusion of DL CQI report in Msg3 is indicated in RAR.
In line with legacy CQI measurement reporting for connected mode in CEmodeA, the UE shall report one wideband CQI value which is calculated assuming transmission on all narrowband(s) in the CSI reference resource, where the number of narrowbands depends on whether frequency hopping is configured for MPDCCH. If frequency hopping is configured, the UE shall indicate which narrowband has the best quality. The same reporting mechanism can be applied for channel quality reporting in Msg3. The measurements can be based on the MPDCCH narrowband(s) that the UE monitors for scheduling of RAR. If frequency hopping is not used, the measurement will only involve a single MPDCCH narrowband, otherwise it will involve two or four MPDCCH narrowbands. Other possible approaches include letting eNB indicate in SI which narrowband(s) the UE should use for quality measurement (independent of the configured RAR narrowbands) or fixing the measurement narrowband in the standard – these latter approaches may provide some benefits in case Rel-15 CRS muting is used in the cell.
[bookmark: _Toc528934571]The UE should report the CQI and repetition number of hypothetical MPDCCH decoding with BLER of 1% for the narrowbands it monitors the random access response MPDCCH, or the eNB can indicate in the SI which narrowband(s) the UE should measure for the reporting. 

Furthermore, for both type-1 and type-2 MPDCCH common search space, the number of PRB-pairs in MPDCCH-PRB-set is 2+4 PRB-pairs. Moreover, the MPDCCH candidates can span different number of PRBs and aggregation levels. Hence, when reporting the number of repetitions, it needs to be considered how many PRBs to assume. This can be done either implicitly, i.e. the number of PRBs the UE used to find the MPDCCH when decoding the DCI schedules RAR message, or explicitly, i.e. signalled or fixed in the spec. 
[bookmark: _Toc528934572]For the DL quality reporting in Msg3, the number of PRBs and aggregation level should also be defined for the repetition number related to UE decoding hypothetical MPDCCH with 1% BLER target.
For the PUR, whether to include the DL channel quality report depends on the PUR scheme. For contention based PUR, it is better to keep the message small, and it is likely it will only be used for small data transmission in the UL. Therefore, including the DL channel quality report may not be beneficial. However, for dedicated PUR, there can be use cases that the eNB would like to setup connection to send UE DL data after the UE finishes its UL transmission. In such cases, inclusion of the DL channel quality reporting is useful. 
1. [bookmark: _Toc528688391][bookmark: _Toc528934573]Depending on the use cases, further study whether it is beneficial to include DL channel quality reporting when PUR is used.

2.3	Channel quality reporting in connected mode for CEmodeB
As discussed above, currently, CEmodeB supports neither periodic nor aperiodic CSI reporting in connected mode [2]. During RAN1#94bis discussion, it was pointed out for NB-IoT, it may be beneficial for the network to request channel quality report to adjust the transmission parameters used for scheduling [5].
Similarly, this is beneficial for CEmodeB. This is not only because the CEmodeB UE can be assigned to a different narrowband than the one for which it reports the channel quality, but also because BL/CE UEs tend to have long connections in connected mode, where the channel conditions can change significantly compared to the moment it initialized the transmission. Therefore, it is proposed that
[bookmark: _Toc528934574]RAN1 further discusses to support DL quality reporting in connected mode for CEmodeB. Which metrics may be used for the reporting can be further discussed.

Conclusion
In the previous sections we made the following observations: 
Observation 1	In the RAR grant for CEmodeA, the eNB can request UE for CSI reporting. However, currently this is not supported for contention based random access procedure for BL/CE UEs, and the field is not available in CEmodeB.
Observation 2	From RAN1 perspective, there are enough bits in Msg3 for channel quality reporting for BL/CE UEs in both the non-EDT case and the EDT case.
Observation 3	L1 reporting mechanism significantly increase the eNB processing complexity, as it requires the eNB to blindly detect whether UCI is included in the PUSCH transmission.

Based on the discussion in the previous sections we propose the following:
Proposal 1	L1 reporting mechanism should not be used for channel quality report in Msg3 in LTE-MTC.
Proposal 2	For CEmodeA, the DL quality reporting in Msg3, both CQI and repetition number that the UE needs to decode hypothetical MPDCCH with BLER of 1% should be reported.
Proposal 3	For CQI reporting in Msg3, reuse the current CQI reporting definitions and steps from connected mode, and configurations related to CQI reporting in Msg3 should be broadcast in SI.
Proposal 4	The inclusion of DL quality report in Msg3 should be possible to configure independently per CE mode or per PRACH CE level in the SI.
Proposal 5	For both CEmodeA and CEmodeB, the number of repetitions to decode hypothetical MPDCCH with BLER of 1% should always be reported if the UE supports the feature and the feature is configured.
Proposal 6	For CEmodeA, the inclusion of DL CQI report in Msg3 is indicated in RAR.
Proposal 7	The UE should report the CQI and repetition number of hypothetical MPDCCH decoding with BLER of 1% for the narrowbands it monitors the random access response MPDCCH, or the eNB can indicate in the SI which narrowband(s) the UE should measure for the reporting.
Proposal 8	For the DL quality reporting in Msg3, the number of PRBs and aggregation level should also be defined for the repetition number related to UE decoding hypothetical MPDCCH with 1% BLER target.
Proposal 5	Depending on the use cases, further study whether it is beneficial to include DL channel quality reporting when PUR is used.
Proposal 6	RAN1 further discusses to support DL quality reporting in connected mode for CEmodeB. Which metrics may be used for the reporting can be further discussed.
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