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1 Introduction

At RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved [1]. One of the objectives in this work item is to support Msg3 quality reporting for non-anchor access.
Improved multi-carrier operation:

· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2]
In RAN1#94, the following agreements and working assumptions are reached:
Agreement

For channel quality report in Msg3 on non-anchor access, the channel quality definition is denoted by the number of repetitions that the UE needs to decode hypothetical NPDCCH with BLER of 1%

· FFS: Whether the details on the hypothetical NPDCCH are specified or not

For non-anchor access, RAN1 further studies how UEs report the measured channel quality
Working Assumption

For channel quality report in Msg3 on non-anchor access, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR)

· FFS: Whether the UE performs measurement on other carriers

In RAN1#94bis, the following agreements and working assumptions are reached:
Agreement 

· RAN1 does not define search space for hypothetical NPDCCH for channel quality report in Msg3 on non-anchor access.
· From RAN1 point of view, specification support for measurement period for non-anchor access in RAN1 specifications is not needed

· RAN1 does not define measurement reference resource for non-anchor access.
For further study:

The following scenarios with regards to downlink channel quality reporting in msg3 for non-anchor carrier access.

· For EDT/non-EDT, msg3 associated with PDCCH order PRACH, IDLE

· PUR
In RAN1#95, the following agreements and working assumptions are reached:
Agreement 

· In case 4 bits is used for a non-anchor carrier, all repetition i.e. 12 candidate values, {1,2,4,8,16,32,64,128,256,512,1024,2048} can be reported in Msg3.
· In case of 2 bits is used for a non-anchor carrier, 3 candidate values can be reported in Msg3. Select one of the following alternatives for determining the 3 values:

· Depending on Rmax, the maximum number of repetitions for NPDCCH Type 2 CSS.

· Depending on R, "DCI subframe repetition number" indicated in DCI format N1 for Msg2 scheduling.

· Depending on Rdecoded, based on the number of repetitions for NPDCCH scheduling Msg2 where UE decodes successfully.
In this contribution, we provide our further views on support of Msg3 quality reporting for non-anchor access.
2 Msg3 quality report for non-anchor access

2.1 Carriers for channel quality measurement
2.1.1 Benefit of measurement on Msg2 carrier and other carriers
Based on the RRC state of UE, the procedures for Msg3 transmissions are
· Idle mode random access
1. Non-EDT random access procedure 
2. EDT random access procedure and EDT fallback to non-EDT
· Connected mode random access
1. NPDCCH ordered contention based random access procedure
2. Random access procedure to apply for UL-SCH resource when no valid SR resource
For Idle mode, non-EDT random access procedures in NB-IoT are shown in Figure 1. For non-anchor access, the NPRACH resource for Msg1 is associated with a DL carrier A, which is configured in SIB22-NB. After sending Msg1, the downlink reception during RACH procedure is done in DL carrier A, including Msg2, NPDCCH for Msg3 retransmission, NPDCCH for Msg4, and Msg4 reception. If UE performs the channel quality measurement on DL carrier A and reports the channel quality in Msg3, it is beneficial to adapt the transmission of NPDCCH for the subsequent steps of the RACH procedure. 
Additionally for non-EDT case and EDT fallback to non-EDT case, the network may configure DL carrier B in Msg4 for unicast reception. EDT fallback to non-EDT can happen after Msg3 when eNB wants UE to enter connected mode. In legacy method, eNB has no prior information and configures DL carrier B blindly. If the UE can provide the channel quality of multiple carriers, it is beneficial for eNB to configure a suitable carrier to the UE and adapt the following unicast transmission for idle mode random access.
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Figure 1 Non-EDT random access related procedure of NB-IoT
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Figure 2 EDT random access and EDT fallback related procedure of NB-IoT
Observation 1: For idle mode random access, UE performing the measurement on the DL carrier in addition to the carrier for Msg2 reception and reporting the channel quality is beneficial to configure a suitable DL carrier to the UE and to adapt the following unicast transmission.
For connected mode, NPDCCH ordered contention based random access procedures in NB-IoT are shown in Figure 3. The random access procedure to apply for UL-SCH resource is shown in Figure 4. Assume that the configured carrier for UE in RRC connected mode is DL carrier B. 
For NPDCCH ordered CBRA, UE detects the NPDCCH in DL carrier B, which indicates a NPRACH resource. Assume that the NPRACH resource for Msg1 is associated with a DL carrier C, which is configured in SIB22-NB. After sending Msg1, the downlink reception during RACH procedure is done in DL carrier C, including Msg2, NPDCCH for Msg3 retransmission, and the following NPDCCH and DL data.

For the random access procedure to apply for UL-SCH resource, UE randomly selects a NPRACH resource to send Msg1. Assume that the NPRACH resource for Msg1 is associated with a DL carrier D, which is configured in SIB22-NB. After sending Msg1, the downlink reception during RACH procedure is done in DL carrier D, including Msg2, NPDCCH for Msg3 retransmission, and the following NPDCCH and DL data.
If UE performs the channel quality measurement on DL carrier C for connected mode RA procedure 1 (or on DL carrier D for connected mode RA procedure 2) and reports the channel quality in Msg3, it is beneficial to adapt the transmission of NPDCCH for the subsequent steps of the RACH procedure. After the RACH procedure, the network will send DL data in DL carrier B. Similarly as non-EDT case, if DL carrier B carrying data is a different carrier from DL carrier C (or DL carrier D), the measurement and report in DL carrier C (or DL carrier D) will be invalid for unicast reception in DL carrier B. For UP solution, RRC reconfiguration is supported. If the UE can provide the channel quality of multiple carriers, it is beneficial for eNB to re-configure a suitable carrier to the UE and adapt the following unicast transmission. 
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Figure 3 NPDCCH ordered random access related procedure of NB-IoT
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Figure 4 Random access related procedure of NB-IoT to apply for UL-SCH resource
Observation 2: For connected mode random access, UE performing the measurement on the DL carrier in addition to the carrier for Msg2 reception and reporting the channel quality is beneficial to re-configure a suitable carrier to the UE using UP solution and to adapt the following unicast transmission.
2.1.2 Feasibility of measurement on Msg2 carrier and other carriers
Table 1 lists measurement behaviors of a given UE before RACH procedure. 
Table 1 Measurement behaviors of a given UE before RACH procedure
	RRC state
	Measurement behavior
	Purpose

	Idle 
	Perform measurement on anchor carrier
	NPRACH CE level determination

	Idle
	Perform measurement on paging carrier[NOTE]
	early termination of NPDCCH monitoring for paging

	Connected
	Perform measurement on the carrier configured by CarrierConfigDedicated-NB.
	Radio link monitoring

	NOTE: Both UE and eNB support NRS presence on non-anchor carriers for paging.


In Idle mode, the UE performs measurement on anchor carrier for NPRACH coverage level determination. Also there is an ongoing discussion about specifying signaling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted. The motivation is to early terminate the NPDCCH monitoring for paging. If both the UE and eNB support NRS presence on non-anchor carriers for paging, the UE performs measurement on paging carrier based on the configured NRS.
In connected mode, radio link monitoring is performed on the carrier configured by CarrierConfigDedicated-NB. The UE performs measurement on the configured carrier, estimates the downlink radio link quality and compares it to the thresholds Qout_NB-IoT and Qin_NB-IoT for the purpose of monitoring downlink radio link quality of the NB-IoT cell. 
Observation 3: Before RACH procedure, UE performs measurement:

· on anchor carrier for NPRACH CE level determination.
· on paging carrier for early termination of NPDCCH monitoring for paging.
· on the carrier configured by CarrierConfigDedicated-NB for radio link monitoring.
Thus, UE can get the channel quality of anchor carrier and paging carrier in idle mode, and configured carrier in connected mode without additional measurement. As to the carrier for Msg2 reception, UE can perform measurement along with Msg2 reception.
For channel quality report of anchor carrier in Rel-14, the spare bits in RRC messages carried in Msg3 are analyzed in [2]. There are still enough bits for UE to report the channel quality of other carriers in addition to the carrier for Msg2 reception. Alternatively, a MAC CE can be introduced in Msg3 to report the channel quality.
Proposal 1: For channel quality report in Msg3 on non-anchor access, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR). The following other carriers also can be measured:

· paging carrier in idle mode

· anchor carrier in idle mode

· carrier configured by CarrierConfigDedicated-NB in connected mode

Proposal 2: UE reports the channel quality of Msg2 carrier. The channel quality of the following other carriers also can be reported in Msg3:
· paging carrier in idle mode

· anchor carrier in idle mode
· carrier configured by CarrierConfigDedicated-NB in connected mode
2.2 Channel quality report
For channel quality report of anchor carrier in Rel-14, there are 3 candidate values in the message RRCConnectionReestablishmentRequest-NB and 12 candidate values for other RRC messages. The 3 candidate values for RRCConnectionReestablishmentRequest-NB case are shown in Table 2 [3]

 REF _Ref528262897 \r \h 
[4]. Here Rmax is the maximum number of repetitions for NPDCCH Type 2 CSS, i.e. the search space for RAR.
Table 2 Downlink channel quality measurement report mapping of CQI-NPDCCH-Short-NB when the DL channel quality reporting is supported
	Reported value
	NPDCCH repetition level

	noMeasurements
	No measurement reporting

	candidateRep-1
	Rmax/8 (NOTE 1)

	candidateRep-2
	Rmax(NOTE 2)

	candidateRep-3
	4×Rmax (NOTE 3)

	NOTE 1: When Rmax is less than 8, set candidateRep-1 to 1. 
NOTE 2:   When Rmax is 1, set candidateRep-2 to 2.
NOTE 3: When Rmax is more than 512, set candidateRep-3 to 2048.


For channel quality report, there are two report error cases, i.e. one is that the reported channel quality is better than the actual channel quality, and the other one is that the reported channel quality is worse than the actual channel quality. For the former error case, eNB may allocate resource with fewer repetitions for the following DL unicast than actual demand. So the first transmission of DL unicast may be failed. The eNB may have to allocate resource with more repetitions for it in the next retransmission. For the latter error case, eNB may allocate resource with more repetitions for the following DL unicast than actual demand. So the cost in both error cases is a waste of resource.

For non-anchor carrier, the eNB transmission power on non-anchor carrier can be 12 dB less than anchor carrier which results in more repetitions and less measurement accuracy than anchor carrier. That means that for non-anchor carrier with larger number of repetitions the error cases will cause wasting more resources than for anchor carrier, as illustrated in Figure 5. In other words, non-anchor carrier will waste more resource than anchor carrier especially for the case only 3 candidates to represent the downlink channel quality. So it is beneficial that UE can provide more accurate channel quality report for the non-anchor carrier to avoid wasting more resources.
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Figure 5 Comparison between anchor carrier and non-anchor carrier
Observation 4: The eNB transmission power on non-anchor carrier can be 12 dB less than anchor carrier which results in more repetitions and less measurement accuracy than anchor carrier.
Observation 5: Non-anchor carrier can waste more resource than anchor carrier due to the lack of downlink channel report value candidates.
Proposal 3: Channel quality reported value in Msg3 for downlink non-anchor carrier needs to be improved respect to the report for anchor carrier.
It is agreed in RAN1#95 that if 2 bits are used for a non-anchor carrier, 3 candidate values can be reported in Msg3. Select one of the following alternatives for determining the 3 values:

-
Depending on Rmax, the maximum number of repetitions for NPDCCH Type 2 CSS.

-
Depending on R, "DCI subframe repetition number" indicated in DCI format N1 for Msg2 scheduling.

-
Depending on Rdecoded, based on the number of repetitions for NPDCCH scheduling Msg2 where UE decodes successfully.
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Figure 6 Example of Rmax, R and Rdecoded
An example of Rmax, R, and Rdecoded is shown in Figure 6. In this example, R = Rmax/2, and Rdecoded < R < Rmax. Assume that Rdecoded = 32, R = 64, Rmax = 128. The same ratio in Table 1 is used. The comparison results is shown in Table 2. Since Rdecoded is the repetition number of successfully decoding NPDCCH for Msg2, the channel quality Rreport will be close to Rdecoded. For example Rreport = 120. For candidate 1, the reported value is 512. For candidate 2, the reported value is 256. For candidate 3, the reported value is 128. Obviously, the accuracy of report value, candidate 3 > candidate 2 > candidate 1. If the network takes the inaccurate reported value into consideration, it will cause a waste of resource in next resource allocation for DL transmission.
Table 3 Comparison of reported NPDCCH repetition level 
	
	Candidate 1(Rmax)
	Candidate 2(R)
	Candidate 3(Rdecoded)

	Reported value
	NPDCCH repetition level
	NPDCCH repetition level
	NPDCCH repetition level

	noMeasurements
	No measurement reporting
	No measurement reporting
	No measurement reporting

	candidateRep-1
	16
	8
	4

	candidateRep-2
	128
	64
	32

	candidateRep-3
	512
	256
	128


In case of 2 bits, there are only four states, i.e. “00”, “01”, “10”, “11”. It is not enough to indicate any value from 1 to 2048. A practical method is to indicate the quantization level like Table 1. Rdecoded is only known to UE. The network cannot understand “Rdecoded/8”, “Rdecoded” and “4×Rdecoded”. So it is not feasible to report based on Rdecoded. R and Rmax are indicated by the network. Both UE and the network can understand them. It is feasible to report based on R or Rmax. So taking the feasibility and report value accuracy into consideration, candidate 2 is preferred, i.e. the channel quality is based on R.
Proposal 4: In case 2 bits are used for a non-anchor carrier, the channel quality reported in Msg3 depends on R, "DCI subframe repetition number" indicated in DCI format N1 for Msg2 scheduling.
3 Conclusions
In this contribution, our views on support of Msg3 quality reporting for non-anchor access are provided. The following observations and proposals are made.

Observation 1: For idle mode random access, UE performing the measurement on the DL carrier in addition to the carrier for Msg2 reception and reporting the channel quality is beneficial to configure a suitable DL carrier to the UE and to adapt the following unicast transmission.
Observation 2: For connected mode random access, UE performing the measurement on the DL carrier in addition to the carrier for Msg2 reception and reporting the channel quality is beneficial to re-configure a suitable carrier to the UE using UP solution and to adapt the following unicast transmission.
Observation 3: Before RACH procedure, UE performs measurement:

· on anchor carrier for NPRACH CE level determination.

· on paging carrier for early termination of NPDCCH monitoring for paging.

· on the carrier configured by CarrierConfigDedicated-NB for radio link monitoring.
Proposal 1: For channel quality report in Msg3 on non-anchor access, UE performs the channel quality measurement on the carrier it monitors to receive Msg2 (i.e. RAR). The following other carriers also can be measured:

· paging carrier in idle mode

· anchor carrier in idle mode

· carrier configured by CarrierConfigDedicated-NB in connected mode

Proposal 2: UE reports the channel quality of Msg2 carrier. The channel quality of the following other carriers also can be reported in Msg3:
· paging carrier in idle mode

· anchor carrier in idle mode

· carrier configured by CarrierConfigDedicated-NB in connected mode
Observation 4: The eNB transmission power on non-anchor carrier can be 12 dB less than anchor carrier which results in more repetitions and less measurement accuracy than anchor carrier.
Observation 5: Non-anchor carrier can waste more resource than anchor carrier due to the lack of downlink channel report value candidates.
Proposal 3: Channel quality reported value in Msg3 for downlink non-anchor carrier needs to be improved respect to the report for anchor carrier.
Proposal 4: In case 2 bits are used for a non-anchor carrier, the channel quality reported in Msg3 depends on R, "DCI subframe repetition number" indicated in DCI format N1 for Msg2 scheduling.
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