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1	Introduction
Paging carrier selection based on coverage level is one of the objectives of Rel-17 NB-IOT Work Item. For this objective RAN2 agreed to down select between network configuration of paging carrier and network providing coverage level information to assist paging carrier selection. In this document we provide simplified network configuration proposal for realisation of coverage-based carrier selection with minimum impacts to network and UE implementations. We have also analysed the proposed configuration for different scenarios relevant for coverage based paging carrier selection.
2	Discussion 
2.1 Recommended network configuration for coverage based paging carrier selection 
NB-IoT system divides the users based on coverage level into maximum 3 groups for assigning the users for common resources applicable for initial access. According to the coverage level distribution of UE based considering the path-loss model and in-building penetration loss as per simulation assumptions of CIoT-study more than 90% UE are expected to be in coverage condition maps to normal coverage level with minimum repetition levels. Only remaining 10% users are distributed across other two coverage levels. For coverage-based carrier selection also the paging carriers can be grouped in similar way with maximum number of paging carrier sub-groups limited to 3. Default number of paging carrier sub-groups should be 2.
The proposed division of carriers is illustrated in the following Figure with 2 groups.
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Proposal 1: Division of paging carriers into two subsets of carriers each mapped to normal and maximum coverage is considered as basis for paging carrier selection.
If required and further improved benefits are justified the Rel-17 paging carriers can be further divided into two sub-groups matching the coverage level-based grouping for other common channel configurations.
Proposal 2: Optionally the Rel-17 paging carriers can be further divided into two sub-groups based on CEL.
Each group of Rel-17 paging carriers are also configured with RSRP Threshold value to enable coverage-based paging carrier selection for fallback scenarios including coverage level change and cell reselection scenarios. In these fallback scenarios UE selects the paging carrier based on the estimated RSRP value from idle mode measurements against the configured threshold value.
Proposal 3: Rel-17 paging carrier configuration should include RSRP Threshold as common parameter for group of paging carriers.

2.2 Illustration of paging carrier selection for different scenarios with two paging carrier sub-groups.
In the following table we illustrate the paging carrier selection at UE and paging from network for different scenarios. In this table for different scenarios, the network configuration, UE behavior at PO and network paging are explained to understand the impacts to UE paging reception.
	
	Coverage condition at RRC-connection Release/ Coverage-condition at next PO
	Network configuration of paging carrier group via dedicated signalling
	UE algorithm at PO
	Network paging strategy

	Stationary UE
	Normal coverage/
Normal coverage
	Network assigns the coverage level /Repetition value used for carrier selection for paging
	UE select paging carrier from normal coverage group which meet the coverage level.
	Network select the normal coverage paging carrier group for paging based on last known coverage level. 
UE and NW selected same sub-group. Paging success.

	Stationary UE
	Extended coverage/Extended coverage
	Network does not provide any information for carrier selection. UE selects legacy carrier.
	UE selects legacy carrier group for paging
	NW selects legacy carrier group for paging.
Paging success

	Mobile UE
	Normal coverage/ 
Extended coverage
	Network assigns the coverage level /Repetition value used for carrier selection for paging
	UE check the coverage level at the time of PO. It is above RSRP threshold of normal coverage hence select the legacy carrier group
	NW start with paging on normal coverage. If it fails it needs to increase repetition level for next paging. It is not supported in normal group and NW switches to legacy group.
Paging success after retransmissions and NW switching to different carrier for success.

	Mobile UE
	Extended coverage/Normal coverage
	Network does not provide any information for carrier selection. UE selects legacy carrier.
	UE selects legacy carrier group for paging
	NW pages directly on the legacy paging carrier group as last known level is only supported here. 
Paging success.

	Mobile UE -Normal coverage
	Cell-1 /Cell-2
	Network assigns the coverage level /Repetition value used for carrier selection for paging
	UE select paging carrier based on its coverage level in new cell against RSRP threshold broadcasted in new cell. UE ignores the earlier network assigned carrier.
	Network paging option 1:
Paging in cell-1 Fails.
Paging in cell-2 start with lower repetition level. Select normal coverage group for paging.
Paging sucesss.
Network paging option 2:
Paging in cell-1 Fails.
Paging in cell-2 sent with max repetition. NW select legacy paging carrier.
Paging fails





As per the above table, the paging carrier selection based on coverage level have some impacts in paging reception for coverage change scenario (normal to extended) and cell change scenarios only. 
· For coverage level change scenario the paging will still succeed after some retransmissions. This will be almost similar to legacy paging scenario where the network starts its first paging with repetitions based on last known coverage level with difference that paging carrier is switched during the retransmission.
· For cell change scenario also if the network paging strategy starts with normal coverage in neighbouring cells the coverage-based carrier selection will work. It may have issue only if network uses different paging strategy. In such network implementations the coverage based paging carrier selection can be disabled for cell-change scenario.
Observation 1: Coverage level-based carrier selection works for all possible scenarios associated with stationary and mobile scenarios within same cell. 
Observation 2: Coverage level-based carrier selection works for cell change scenario also depending on network paging strategy for paging retransmission.
Observation 3: Limiting the paging carrier sub-groups to 2 is beneficial for simple UE and network implementations.
Based on the above analysis we propose that network configures limited number of sub-groups for paging carriers with UE selection of sub-group of carrier based on coverage level as way forward for coverage based paging carrier selection functionality.
Proposal 4: Coverage based selection of sub-group of paging carrier with limited number of sub-group is considered as basis for stage specification.
Proposal 5: Coverage based selection of sub-group of paging carrier is supported for all scenarios including mobility.



3	Summary
Following are the observations and proposals made based on the analysis of solution options for coverage level-based paging carrier selection considering different idle mode mobility scenario.
Proposal 1: Division of paging carriers into two subsets of carriers each mapped to normal and maximum coverage is considered as basis for paging carrier selection.
Proposal 2: Optionally the Rel-17 paging carriers can be further divided into two sub-groups based on CEL.
Proposal 3: Rel-17 paging carrier configuration should include RSRP Threshold as common parameter for group of paging carriers.
Observation 1: Coverage level-based carrier selection works for all possible scenarios associated with stationary and mobile scenarios within same cell. 
Observation 2: Coverage level-based carrier selection works for cell change scenario also depending on network paging strategy for paging retransmission.
Observation 3: Limiting the paging carrier sub-groups to 2 is beneficial for simple UE and network implementations.
Proposal 4: Coverage based selection of sub-group of paging carrier with limited number of sub-group is considered as basis for stage specification.
Proposal 5: Coverage based selection of sub-group of paging carrier is supported for all scenarios including mobility.
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