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1	Introduction
The Rel 16 work-items [1] include the following objective for NB-IoT enhancement:
· Specify support of Msg3 quality reporting for non-anchor access [RAN1, RAN2]

In RAN1#94, RAN1#94bis, RAN1#95, RAN2#103bis and RAN2#104 the following relevant agreements were made [2][3]:
· Re-use the code points defined in Rel-14. 
· 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.
· Still open issue for 2 bits
· Study the impact of re-using the Rel-14 RRC reporting mechanism and consider whether a MAC mechanism should be used instead.
· RAN2 further study how to support the use case of enabling measurements in non-anchor carrier while reducing measurement on anchor carrier.

A Downlink quality reporting mechanism has been already introduced for NB-IoT aiming to minimize the number of repetitions used for NPDCCH to save energy and resources. This functionality is going to be extended for non-anchor carriers operations in Rel-16.
This paper discusses the implementation of the report message for non-anchor carriers as both RRC message and MAC CE and proposes a choice.
[bookmark: _Ref178064866]2	Discussion
Currently quality measurements can be performed either during T1 or T2 (see Figure 1). T1 is the time interval in which the UE performs coverage selection, before the RA procedure begins, T2 is the time interval in which the UE is monitoring CSS for Msg2 DCI reception and in which Msg2 is received.
Once the RA procedure starts, the whole message exchange will be performed in the anchor or non-anchor carrier chosen by the UE. Therefore, if the target of the feature is to optimize Msg4 DCI transmission, the UE should measure the quality of the current carrier during T2. The network is aware of that, so no further information needs to be carried in Msg3 together with the report itself.
[bookmark: _Toc429695][bookmark: _Toc1073120][bookmark: _Ref871967]If the target of the feature is to optimize Msg4 DCI transmission no further information need to be transmitted in Msg3 together with the report itself
[bookmark: _Ref533171219][bookmark: _Ref533171215] Figure 1: RA procedure for a NB-IoT system with N carriers


Nevertheless, after the RA procedure the UE may have to change carrier upon indication from the network. Also, the UE may want to perform measurements during T1, before the carrier in which to perform the RA procedure is chosen. In these cases it should be specified what measurement mechanisms should be adopted by the UE; also, the UE may have to report other information in Msg3.
[bookmark: _Toc429699][bookmark: _Toc1073124]Wait for further RAN1 agreements on the exact mechanism that is required
Table 1 summarizes the current number of spare bits available in the extended RRC messages. In case further information needs to be transmitted in Msg4, at least 4 spare bits are available in all RRC messages apart from RRCConnectionReestablishmentRequest with short quality report indication. In the latter case the report format contains less information, we assume that in this case it is sufficient to report a lower resolution metric and it is not needed to carry other information. Also, for RRCEarlyDataRequest no spare bits are specified, but in this case the TBS is big enough to contain the data over NAS, so the message can be easily modified to carry further information if needed.
[bookmark: _Toc429696][bookmark: _Toc1073121]If further information needs to be reported, at least 4 spare bits can be used without a need for a message extension
[bookmark: _Ref427781]Table 1: Rel.14 RRC Messages spare bits and quality report sizes [5]
	RRC Message
	Quality Report Size [bit]
	Spare Bits Available

	RRCConnectionRequest
	4
	17

	RRCConnectionResumeRequest
	4
	4

	RRCConnectionReestablishmentRequest (r13)
	4
	20

	RRCConnectionReestablishmentRequest(r14)
	2
	1

	RRCEarlyDataRequest
	4
	n.a.



[bookmark: _Toc429697][bookmark: _Toc1073122]The existing RRC messages can be used also in non-anchor carrier case if no further information is required to be carried in Msg3
One of the agreements presented in Section 1 requires further studies on the possibility to have MAC CE implementation also for NB-IoT. Therefore, the following proposal refers both to eMTC and NB-IoT.
The report can be implemented as a fixed length CE, represented in Figure 2, composed by the 4-bit dl-MeasReport field and 4 more spare bits.
The field dl-MeasReport represents the candidate number of repetitions to be used in MPDCCH as already agreed. Table 2 indicates how the content of dl-MeasReport field could be interpreted.


[bookmark: _Ref532551252]Figure 2: NPDCCH Quality report MAC CE
[bookmark: _Ref532551930]Table 2: dl-MeasReport values definition
	dl-MeasReport field
	Meaning (NB-IoT)

	0000
	1 repetition

	0001
	2 repetitions

	0010
	4 repetitions

	0011
	8 repetitions

	…
	…

	0111
	128 repetitions

	1000
	256 repetitions

	1001
	512 repetitions

	1010
	1024 repetitions

	1011
	2048 repetitions

	1100 - 1110
	Reserved

	1111
	No measurement



The introduction of a new MAC CE requires the definition of a new LCID to be included in the corresponding R/F2/E/LCID MAC subheader. “10001” can be chosen for this scope, so Table 6.2.1-2 in [4] can be modified as follows.
	Codepoint/Index
	LCID values

	00000
	CCCH

	00001-01010
	Identity of the logical channel

	01011
	CCCH

	01100
	CCCH

	01101
	CCCH and Extended Power Headroom Report

	01110-01111
	Reserved

	10000
	Extended logical channel ID field

	10001
	DL Quality Report

	10010
	AUL confirmation (4 octets)

	10011
	AUL confirmation (1 octet)

	10100
	Recommended bit rate query

	10101
	SPS confirmation

	10110
	Truncated Sidelink BSR

	10111
	Sidelink BSR

	11000
	Dual Connectivity Power Headroom Report

	11001
	Extended Power Headroom Report

	11010
	Power Headroom Report

	11011
	C-RNTI

	11100
	Truncated BSR

	11101
	Short BSR

	11110
	Long BSR

	11111
	Padding



Provided that the UL Grant for Msg3 is large enough, the MAC entity should multiplex this MAC CE with any other message transmitted in the same MAC PDU. The overhead introduced by this MAC CE is 16 bit, 8 for the additional MAC Subheader, and 8 for the MAC CE itself.
[bookmark: _Toc429698][bookmark: _Toc1073123]if MAC CE is used for non-anchor carrier measuring in NB-IoT, both as a replacement of the legacy indication or as an additional one, the minimum TBS for Msg3 should be increased by at least 16 bits.
The MAC CE solution proposed here was also proposed for quality report in eMTC [6], using this solution for both technologies would simplify the standardization effort.
Nevertheless, for NB-IoT the RRC messages are already in place since Rel.14, therefore it would be better to minimize the impact of this extension, and to avoid having UE deployed using different solutions, by reusing them also for the non-anchor carrier case.
Moreover, the RRC message solution does not require to extend the TBS granted for Msg3, while 16 additional bits are required to be granted in the Msg3 TBS for the MAC CE solution.
[bookmark: _Toc429321][bookmark: _Toc429322][bookmark: _Toc429323][bookmark: _Toc429324][bookmark: _Toc429325][bookmark: _Toc429326][bookmark: _Toc429329][bookmark: _Toc429700][bookmark: _Toc1073125]For NB-IoT the legacy Rel.14 report is reused, or possibly extended, to include non-anchor carrier measurement regardless on the solution adopted for eMTC
Conclusion
In the previous sections we made the following observations: 
Observation 1	If the target of the feature is to optimize Msg4 DCI transmission no further information need to be transmitted in Msg3 together with the report itself
Observation 2	If further information needs to be reported, at least 4 spare bits can be used without a need for a message extension
Observation 3	The existing RRC messages can be used also in non-anchor carrier case if no further information is required to be carried in Msg3
Observation 4	if MAC CE is used for non-anchor carrier measuring in NB-IoT, both as a replacement of the legacy indication or as an additional one, the minimum TBS for Msg3 should be increased by at least 16 bits.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Wait for further RAN1 agreements on the exact mechanism that is required
Proposal 2	For NB-IoT the legacy Rel.14 report is reused, or possibly extended, to include non-anchor carrier measurement regardless on the solution adopted for eMTC
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