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1 Introduction
[bookmark: _Hlk3827323]In the Rel-16 work item description (WID) on “Additional enhancements for NB-IoT” [1] includes the following objectives for improved multi-carrier operation for NB-IoT UEs.
· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2, RAN4]
· Specify support for quality reporting in connected mode for anchor and non-anchor carriers. The quality report is not carried in the physical layer. [RAN1, RAN2, RAN4].

Earlier RAN1 and RAN2 agreements are listed in [2] and Section 2.7 of [3], respectively. The contributions to the previous RAN1 meeting are summarized in [4] and [5]. In this contribution, we discuss further aspects of quality reporting for NB-IoT.
[bookmark: _Ref178064866]2	Discussion
2.1	Background
In Rel-14 NB-IoT, multi-carrier operation in idle mode for paging and random access were introduced. During the maintenance of Rel-14 NB-IoT, the support of Msg3 quality reporting was brought up and discussed [6]. It was agreed that channel quality reporting for anchor carrier would be introduced, and RAN2 has introduced the corresponding signalling based on the input from RAN4. In an LS from RAN4 to RAN1 [7], RAN4 informs RAN1 and RAN2 the number of candidate values should be reported, and RAN4 would continue to discuss the actual values reported in Msg3.
During the maintenance discussion in Rel-14 NB-IoT, both anchor and non-anchor DL quality reporting in Msg3 were discussed [8]. However, due to time limitations, it was only agreed that DL quality report for the anchor carrier was introduced. In RAN4, for anchor carrier, it has introduced the NPDCCH repetition level for CQI-NPDCCH-NB and CQI-NPDCCH-Short-NB is chosen from the supported NPDCCH repetition levels [9][10].
The following tables define the quality reporting currently specified in TS 36.133 section 9.1.22.15 (“MSG3-based Measurement Report Mapping for UE Category NB1”).

[bookmark: _Hlk521661130][bookmark: _Hlk528915728]Table 9.1.22.15-1: Downlink channel quality measurement report mapping of CQI-NPDCCH-NB when the DL channel quality reporting is supported [9] 
	Reported value
	NPDCCH repetition level

	noMeasurement
	No measurement reporting

	candidateRep-A
	1

	candidateRep-B
	2

	candidateRep-C
	4

	candidateRep-D
	8

	candidateRep-E
	16

	candidateRep-F
	32

	candidateRep-G
	64

	candidateRep-H
	128

	candidateRep-I
	256

	candidateRep-J
	512

	candidateRep-K
	1024

	candidateRep-L
	2048



Table 9.1.22.15-2: Downlink channel quality measurement report mapping of CQI-NPDCCH-Short-NB when the DL channel quality reporting is supported [9][10] 
	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.


 
The random access procedure in NB-IoT is depicted in Figure 1 and Figure 2. In Rel-14 NB-IoT enhancement, non-anchor carrier can be used for paging and random access. In the case of receiving RAR (Msg2) on a non-anchor carrier, after sending Msg1, the UE monitors RAR on a carrier that is configured in the SIB. The carrier that carries RAR is associated with the carrier where the UE sends Msg1. However, the DL carrier that the UE receives RAR may not necessary be the carrier it is assigned in connected mode. The current NB-IoT system offers the flexibility that during the RRC setup, the network can for load balancing or interference management purposes assign a different DL carrier to the UE than the one where the UE receives RAR. Currently, in idle mode, the UE is only required to measure the quality on the anchor carrier. Hence, if the UE reports the DL quality measured on the carrier different than the one it is assigned later for connected mode, the reporting becomes useless. Notice that that NRSRP with carrier specific NRS-offset is not enough, since it does not capture interference and the quality as indicated in [11].



[bookmark: _Ref510512962]Figure 1: Random access procedure in NB-IoT



[bookmark: _Ref510773661]Figure 2: UE procedure for reporting channel quality in Msg3

2.2	Quality reporting in Msg3 for non-anchor access
For quality reporting in Msg3 for non-anchor access, RAN1 has sent LS to RAN2 (cc RAN4) in [12], and RAN2 has sent LS to RAN1 (cc RAN4) in [13].
RAN2 has agreed that “existing SIB2 signalling is used to enable UE to report downlink channel quality on non-anchor carrier” and “existing Msg3 signalling is used for reporting downlink channel quality when UE makes access on non-anchor carrier” and indicated that “this implies the code points specified in Release 14 for anchor carrier CQI reporting in Msg3 are used for non-anchor carrier CQI reporting in Msg3” [13].
In the current system, if a DL carrier is configured for RAR, regardless whether there are UEs attempting to access the system, there are always NRS in the RAR window and in subframes before the RAR window. Therefore, there are enough period NRS on the DL carrier for the UE to measure the channel quality, and those NRS transmissions are associated with the Type-2 common search space. However, the UE may need to average over several occasions, e.g., in bad coverage, to obtain more reliable DL channel quality.
[bookmark: _Toc347823812][bookmark: _Toc347823993][bookmark: _Toc347824244][bookmark: _Toc16872731]On a non-anchor carrier where RAR is sent, there are enough NRS subframes for the UE to perform the measurements.
[bookmark: _GoBack]RAN1 has discussed whether it is possible for the UE to report the channel quality of one of its preferred DL carriers. However, this has several challenges. First, this requires the UE to perform extensive measurements on all the DL carriers, which can be as many as 16 carriers. Therefore, it is at the cost of UE’s battery life. Secondly, as mentioned before not all the DL carriers are configured with always-on NRS, it would not be possible for the UE to perform such measurements without significantly increasing the network overhead.
[bookmark: _Toc4516484][bookmark: _Toc4574268][bookmark: _Toc4574345][bookmark: _Toc16872732]Only one DL non-anchor carrier should be used for channel quality reporting in Msg3.
Therefore, it can be beneficial if the UE can report the channel quality of a DL carrier that is indicated by the network. However, the challenge here is that the UE cannot make any assumptions in idle mode regarding the NRS presence if this carrier is not used for paging or RAR. It would be difficult for the UE to monitor RAR on one carrier but to report the channel quality of another carrier.
For a non-anchor carrier that a UE monitors for paging, the UE cannot assume NRS transmissions are always present. In Rel-16, there is a WI objective to “Specify signalling to indicate on a non-anchor carrier for paging a set of subframes which will contain NRS even when no paging NPDCCH is transmitted”, where it has been agreed that there will be at most 10 subframes containing NRS when the presence of Paging Occasions (POs) is sparse in time, whereas an NRS decimation (TBD) will be applied for non-sparse cases. However, this feature can be turned on and off by eNB. Hence, it is preferred to not couple this feature with the NRS presence feature, and the network should be enabled to enable each feature individually. That is, it is preferred that the network should have the possibility to configure which carrier the UE should measure, if it is not the RAR carrier.
[bookmark: _Toc347823621][bookmark: _Toc347824073][bookmark: _Toc347824246][bookmark: _Toc16872733]When an NB-IoT UE is capable of DL channel quality reporting in Msg3 and a non-anchor is configured for RAR, the default operation should be that the UE should report the DL quality of the carrier where the UE monitors RAR.
A related question is what is the NRS pattern the UE can use for the channel quality measurements in idle mode, if the UE is configured to measure a carrier other than the RAR carrier. If the network indicates that a UE needs to measure a specific carrier, it means the network intends to use the carrier for DL traffic. Furthermore, some UEs for example UEs in bad coverage may require significant amount of NRS transmission to achieve a required measurement accuracy. Therefore, it is reasonable to assume NRS transmissions are available in at least similar patterns as in a RAR window. This enables to reuse same implementation at the UE to perform the measurement as the carrier configured for monitoring RAR. Also, similar configurations as Rmax of Type-2 CSS can be used for the reporting.
[bookmark: _Toc4516487][bookmark: _Toc4574271][bookmark: _Toc4574349][bookmark: _Toc16523810][bookmark: _Toc16524735][bookmark: _Toc16872734]For the carrier indicated by the network (if other carrier than the carrier where the UE monitors RAR), specify rules for NRS presence for the UE to perform channel quality measurements. The NRS presence rules can be similar to the current NRS presence rules during RAR on non-anchor carrier, with an NRS window (analogue to the RAR window) and Rmax (analogue to Rmax for Type-2 CSS).
2.3	Quality reporting in connected mode (not in Msg3)
For quality reporting in connected mode (not in Msg3), RAN1 has sent LS to RAN2 and RAN4 in [14], and RAN2 has sent LS to RAN4 (cc RAN1) in [15].
RAN2 has agreed that “eNB enables the reporting of the DL channel quality in connected mode”, that “periodic reporting or on-demand reporting are not supported”, and that “the DL channel quality reported in connected mode corresponds to the carrier used for the unicast transmission (i.e. configured by Msg4 or by a subsequent reconfiguration procedure)”. RAN2 has furthermore agreed as a working assumption that “the same code points as Msg3 reporting is used”. RAN2 has also agreed that the report is carried by a MAC CE, but it is still FFS whether dedicated or broadcast signalling is used for enabling the reporting [3].
[bookmark: _Toc16872735]Conclude that from RAN1 point of view, the RAN2 working assumption that the same code points are used for DL quality reporting in connected mode as for Msg3 can be confirmed.
[bookmark: _Toc16872736]For quality reporting in connected mode, the measurement takes place on the unicast carrier (i.e. the carrier with the UE-specific NPDCCH search space).
[bookmark: _Toc16872737]Quality reporting in Msg3 in connected mode is either not supported or treated with low priority in Rel-16 (meaning that it can be supported if the additional effort to support it is minimal).
RAN1 has noted that “for channel quality report in connected mode other than Msg3, RAN1 further discuss whether physical layer triggering mechanism is needed”. Some NB-IoT sessions are single-shot-type transmissions from metering devices, but it cannot be assumed that all NB-IoT sessions are that short. In fact, a UE may stay for an extended time in connected mode, and therefore it seems reasonable to consider supporting triggering of quality reports in connected mode not only in Msg5 but also later during the session.
[bookmark: _Toc16872738]Consider supporting quality reporting in connected mode also after Msg5.
2.4	Quality reporting in PUR
For the Rel-16 preconfigured uplink resource (PUR) feature [1], whether it is beneficial 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.
[bookmark: _Toc7530651][bookmark: _Toc16872739]Conclude that from RAN1 point of view, support of DL channel quality reporting in dedicated PUR transmission is feasible and beneficial but leave to RAN2 whether to introduce support for it or not.
3	Conclusion
In the previous sections we made the following observations: 
Observation 1	On a non-anchor carrier where RAR is sent, there are enough NRS subframes for the UE to perform the measurements.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Only one DL non-anchor carrier should be used for channel quality reporting in Msg3.
Proposal 2	When an NB-IoT UE is capable of DL channel quality reporting in Msg3 and a non-anchor is configured for RAR, the default operation should be that the UE should report the DL quality of the carrier where the UE monitors RAR.
Proposal 3	For the carrier indicated by the network (if other carrier than the carrier where the UE monitors RAR), specify rules for NRS presence for the UE to perform channel quality measurements. The NRS presence rules can be similar to the current NRS presence rules during RAR on non-anchor carrier, with an NRS window (analogue to the RAR window) and Rmax (analogue to Rmax for Type-2 CSS).
Proposal 4	Conclude that from RAN1 point of view, the RAN2 working assumption that the same code points are used for DL quality reporting in connected mode as for Msg3 can be confirmed.
Proposal 5	For quality reporting in connected mode, the measurement takes place on the unicast carrier (i.e. the carrier with the UE-specific NPDCCH search space).
Proposal 6	Quality reporting in Msg3 in connected mode is either not supported or treated with low priority in Rel-16 (meaning that it can be supported if the additional effort to support it is minimal).
Proposal 7	Consider supporting quality reporting in connected mode also after Msg5.
Proposal 8	Conclude that from RAN1 point of view, support of DL channel quality reporting in dedicated PUR transmission is feasible and beneficial but leave to RAN2 whether to introduce support for it or not.

[bookmark: _In-sequence_SDU_delivery]References
RP-191576, “WID revision: Additional enhancements for NB-IoT”
R1-1907638, “RAN1 agreements for Rel-16 Additional Enhancements for NB-IoT”
R2-1908188, “RAN2 agreements for Rel-16 additional enhancements for NB-IoT and MTC”
R1-1907575, “Feature lead summary of support of quality report in Msg3 and connected mode”
R1-1907633, “Further topics for quality report in Msg3 and connected mode”
R1-1804087, “Discussion on remaining issues for DL CE Level determination in NB-IoT”, CMCC
R1-1808005, “LS response on NB-IoT downlink channel quality determination and report”, RAN4
R1-1804168, “Remaining issues on DL measurement reporting in NB-IoT”, Ericsson
R4-1813669, 36.133 CR5953 (Rel-14, F) “Finalize MSG3-based channel quality report for NB-IoT”, Ericsson
R4-1813504, 36.133 CR6029 (Rel-14, F) “Correction to downlink channel quality reporting”, Qualcomm
R1-1802031, “Discussion on DL CE Level determination issue in NB-IoT”, CMCC
R1-1905593, “LS on channel quality report in Msg3 for NB-IoT and LTE-M”, RAN1
R2-1905263, “LS on non-anchor carrier CQI reporting in MSG3”, RAN2
R1-1907624, “LS on channel quality reporting in connected mode for NB-IoT”, RAN1
R2-1908262, “LS on DL channel quality report for configured carrier in RRC connected mode”, RAN2

	4/4	
image1.emf
NPSS (Inital sync)

NSSS (Fine sync)

NPRACH (Msg1)

NPDSCH Random Access Response (Msg2 incl Temp C-RNTI)

NPUSCH F1 RRC Connection Request (Msg3 incl Inital UE id)

NPDSCH RRC Connection Setup (Msg4 and Inital UE id)

NPBCH (MIB)

Device BS

Non

-

anchor

Anchor

NPDCCH (RA-RNTI)

NPDCCH (Temp C-RNTI)


Microsoft_Visio_Drawing.vsdx
NPSS (Inital sync)
NSSS (Fine sync)
NPRACH (Msg1)
NPDSCH Random Access Response (Msg2 incl Temp C-RNTI)
NPUSCH F1 RRC Connection Request (Msg3 incl Inital UE id)
NPDSCH RRC Connection Setup (Msg4 and Inital UE id)
NPBCH (MIB)
Device
BS

Non-anchor
Anchor
NPDCCH (RA-RNTI)
NPDCCH (Temp C-RNTI)



image2.emf
UL carrier

DL carrier

NPRACH

MSG1

NPDCCH

NPUSCH

MSG3

k0

Start random 

access procedure

CE level 

estimation

MSG2

NPDSCH

Repetition 

number

Tq


Microsoft_Visio_Drawing1.vsdx
UL carrier
DL carrier
NPRACH
MSG1
NPDCCH
NPUSCH
MSG3
k0
Start random access procedure
CE level estimation

MSG2
NPDSCH
Repetition number
Tq



