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1	Introduction
In Rel-17 one of the objectives in the WID is [WID’s T-doc]:
· Introduce support for NB-IoT carrier selection based on the coverage level, and associated carrier specific configuration (e.g. maximum repetitions UL/DL, DRX configurations, etc.). [NB-IoT] [RAN2, RAN3]

In RAN2-111e it was decided that the scope or focus area is as below:
Agreements

· Paging carrier selection Improvements based on CE level is considered
· Paging carrier selection Improvements based on DRX cycle may be considered
· whether DRX cycle is considered as part of CE level (Rmax) or can be also considered separately
· Enhancements for NPRACH Carrier selection carrier may be considered
· Paging carrier selection Improvements solely based on WUS or GWUS is not considered
· FFS service based

In this contribution we outline a solution on how Paging carrier selection improvements based on coverage level is achieved.
[bookmark: _Ref178064866]2	Discussion

2.1 Paging Carrier
Multicarrier operation in NB-IoT has been supported since Rel-14. Anchor carrier provides the NPSS and NSSS whereas both anchor and non-anchor can be used for paging and random access. Anchor carrier may be power boosted compared to non-anchor carrier as it also carries synchronization signal which is to be used by UE also camped on a non-anchor carrier. Because of power boosting the coverage of anchor carrier as such can be larger than the one of the non-anchor carrier.



The NW configures and provides which carriers the UE should use for paging in SIB22-NB. Paging in non-anchor carrier(s) can alleviate the reliance upon anchor carrier and can free up resources in anchor carrier and further provides a means to handle increased paging load (if any). 
From 36.304:
If P-RNTI is monitored on NPDCCH and the UE supports paging on a non-anchor carrier, and if paging configuration for non-anchor carrier is provided in system information, then the paging carrier is determined by the paging carrier with smallest index n (0 ≤ n ≤ Nn-1) fulfilling the following equation:
floor(UE_ID/(N*Ns)) mod W < W(0) + W(1) + … + W(n)
Thus, paging carrier as such is deterministic from NW and UE perspective as it involves static attribute such as UE_ID and paging carrier weights.
[bookmark: _Toc54282470]Paging carrier is deterministic i.e, there is no ambiguity between NW and UE. NW is aware where UE is listening for paging and UE is aware where NW is expecting UE to listen for paging.
In Rel-17 as one of the solutions that needs to be provided is based upon the below agreement that:

· Paging carrier selection Improvements based on CE level is considered

One of the use cases that this solution (improvement based upon CE Level) can solve in a real network scenario is as below:
For an NB-IoT cell with the anchor carrier being power-boosted (by for example 6dB) and non-anchor carriers not being power-boosted (this is a typical deployment today) and then let all (or a very large part) of the good coverage UEs be monitoring paging on the non-anchor carriers and the poor coverage UEs on the anchor carrier. This coverage level-based paging solution would save both UE power and spectrum resources (as less radio resources are needed to page the poor coverage UEs and one could for example multiplex paging to multiple UEs on the non-anchor carrier which could be more efficient).          
[bookmark: _Toc54282471]With Coverage level-based paging, NW can configure UEs in good coverage in non-power boosted carrier(s) whereas UEs in poor coverage in a power boosted carrier.

However, the UE coverage level is a dynamic attribute, and this may change if NRSRP changes. UE autonomous carrier selection based upon coverage level may cause mismatch on the selected carrier and the assigned/configured carrier for paging from NW. Thus, any potential solution should follow the legacy principle of deterministic paging carrier usage.
[bookmark: _Toc54282938]Mismatch between the carrier the UE monitors for paging and where the NW expects to reach the UE when paged in a certain coverage condition is avoided i.e. Paging carrier selection remains deterministic.

One approach is to follow the legacy principle of paging, i.e MME pages the UE in the last known location first, and introduce enhancements for what paging carrier the UE uses. The solution is outlined as below in a sequential order:
1. The UE monitors for paging in accordance with the pre-Rel-17 mechanism (based on UE_ID) as default behavior. 
2. The eNB assigns a new paging carrier different from the one based on UE_ID to the UE in connected mode or during connection establishment, whose attributes (e.g. Rmax) can be provided in a dedicated message or broadcasted signaling. 
3. When the UE is released to idle mode the eNB informs the MME about the assigned paging carrier and the UE monitors paging using the assigned carrier when it camps on the same cell where it was released and experiences similar coverage conditions.
4. If the UE moves away from the cell or the coverage situation/condition changes in the same cell, the UE monitors paging based on what is signaled by the network to avoid any mismatch.
 
The eNB may for example signal either in dedicated signalling (as part of assigning the dedicated paging carrier) or using broadcast (SIB22-NB) what the UE should do if it moves away from the cell where it was assigned the new paging carrier or if its coverage condition changed significantly with respect to the assigned paging carrier so it would no longer be possible to receive paging on. Thus, one item to standardize is where the UE should monitor paging in such cases. The UE could be informed to monitor using e.g., one of the alternatives below (also seen in the example ASN.1 IE fallBackPagingCarrier-r17 further below):
a) the anchor carrier or 
b) the legacy procedure based on UE_ID or
c) the assigned paging carrier by dedicated signalling
Another item to standardize is how the UE should detect the intra-cell coverage condition change and thus if the assigned paging carrier is no longer good enough and needs to be changed (for example according to one of the above three alternatives). How this should be solved needs to be evaluated further but it could for example be based on a change in NRSRP or an estimated NPDCCH BLER using paging Rmax going above a certain percentage threshold, e.g. X%. The latter could be based on same/similar criteria as already used for the Msg3 CQI reporting.  
As long as the UE is camping on the cell where it was assigned a paging carrier and its coverage level has not changed or is better, it monitors paging using the assigned paging carrier provided before it was released to idle mode.

SystemInformationBlockType22-NB information element
-- ASN1START

SystemInformationBlockType22-NB-r14 ::=	SEQUENCE {
	dl-ConfigList-r14					DL-ConfigCommonList-NB-r14	OPTIONAL,	-- Need OR
	ul-ConfigList-r14					UL-ConfigCommonList-NB-r14	OPTIONAL,	-- Need OR
	pagingWeightAnchor-r14				PagingWeight-NB-r14			OPTIONAL,	-- Cond pcch-config
	nprach-ProbabilityAnchorList-r14	NPRACH-ProbabilityAnchorList-NB-r14	OPTIONAL,	-- Cond nprach-config
	lateNonCriticalExtension			OCTET STRING					OPTIONAL,
	...,
	[[	mixedOperationModeConfig-r15	SEQUENCE {
			dl-ConfigListMixed-r15			DL-ConfigCommonList-NB-r14	OPTIONAL,	-- Cond dl-ConfigList
			ul-ConfigListMixed-r15			UL-ConfigCommonList-NB-r14	OPTIONAL,	-- Cond ul-ConfigList
			pagingDistribution-r15			ENUMERATED {true}			OPTIONAL,	-- Need OR
			nprach-Distribution-r15			ENUMERATED {true}			OPTIONAL	-- Need OR
		}																OPTIONAL,	-- Need OR
		ul-ConfigList-r15				UL-ConfigCommonListTDD-NB-r15	OPTIONAL	-- Cond TDD
	]],
	[[
		fallBackPagingCarrier-r17		ENUMERATED {anchor, ue_id, dedicated} OPTIONAL	-- Need OR
	]]
}

DL-ConfigCommonList-NB-r14 ::=		SEQUENCE (SIZE (1.. maxNonAnchorCarriers-NB-r14)) OF
											DL-ConfigCommon-NB-r14
…


[bookmark: _Toc54282939]Dedicated RRC configuration is introduced to allow the eNB to assign a paging carrier to a UE other than that selected based on UE_ID.
[bookmark: _Toc54282940]Dedicated RRC configuration is introduced for a UE to use a paging carrier other than the dedicated paging carrier in case its coverage level/condition deteriorates within the cell.
[bookmark: _Toc54282941]Dedicated and/or broadcasted RRC configuration is introduced for a UE to use a paging carrier other than the dedicated paging carrier in case a new cell is selected.

2.2 NPRACH Carrier

From the feedback provided by the deployment/field with regards to random access carrier assignment, it is considered inflexible mainly because of the two reasons below:
· It is not possible to configure an NPRACH resource for an enhanced coverage level without including the CE levels below, e.g., CE 0 must be included if it were to be configured only for CE 1 and/or CE 2. 
· From current MAC specification, one can configure selection probability for anchor carrier but not for non-anchor carrier
	when multiple carriers provide PRACH resources for the same enhanced coverage level, the UE will randomly select one of them using the following selection probabilities:
-	the selection probability of the anchor carrier PRACH resource for the given enhanced coverage level, nprach-ProbabilityAnchor, is given by the corresponding entry in nprach-ProbabilityAnchorList
-	the selection probability is equal for all non-anchor carrier PRACH resources and the probability of selecting one PRACH resource on a given non-anchor carrier is (1- nprach-ProbabilityAnchor)/(number of non-anchor NPRACH resources)





We see multiple advantages of allowing flexibility in carrier assignment for random access. 
· NPRACH resource partitioning is simplified or even not needed for specific carriers.
· As NPRACH resource is not partitioned for one non-anchor carrier, it decreases the possibility of collision between NPRACH and NPUSCH, and also decreases the possibility of NPUSCH tone reduction due to collision between NPRACH and NPUSCH. 
· If a certain CE level has larger proportion of RACH request than other; it gives flexibility to assign more resource/carriers dedicated to that CE level.
· The peak NPRACH processing load can be reduced if different carriers are assigned to different CE levels, this is helpful for capacity.
· Potential NPRACH resource overlap from neighbor cells’ non-anchor carrier can be reduced, false preambles, i.e., selected by UEs that estimate wrong CE level, caused by NPRACH interference can be reduced especially for CE0 (the symbol group hopping pattern difference with PCI is only among repetitions).  


[bookmark: _Toc54282472]Multiple benefits are seen if flexibility is allowed in assigning random access carrier.

[bookmark: _Toc54282942]Provide selection probability among the non-anchor NPRACH carriers 
[bookmark: _Toc54282943]Provide flexibility to assign NPRACH carrier to any CE level.


Conclusion
In the previous sections we made the following observations: 
Observation 1	Paging carrier is deterministic i.e, there is no ambiguity between NW and UE. NW is aware where UE is listening for paging and UE is aware where NW is expecting UE to listen for paging.
Observation 2	With Coverage level-based paging, NW can configure UEs in good coverage in non-power boosted carrier(s) whereas UEs in poor coverage in a power boosted carrier.
Observation 3	Multiple benefits are seen if flexibility is allowed in assigning random access carrier.

Based on the discussion in the previous sections we propose the following:
Proposal 1	Mismatch between the carrier the UE monitors for paging and where the NW expects to reach the UE when paged in a certain coverage condition is avoided i.e. Paging carrier selection remains deterministic.
Proposal 2	Dedicated RRC configuration is introduced to allow the eNB to assign a paging carrier to a UE other than that selected based on UE_ID.
Proposal 3	Dedicated RRC configuration is introduced for a UE to use a paging carrier other than the dedicated paging carrier in case its coverage level/condition deteriorates within the cell.
Proposal 4	Dedicated and/or broadcasted RRC configuration is introduced for a UE to use a paging carrier other than the dedicated paging carrier in case a new cell is selected.
Proposal 5	Provide selection probability among the non-anchor NPRACH carriers
Proposal 6	Provide flexibility to assign NPRACH carrier to any CE level.
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