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1
Introduction

The objectives of  Rel-17 WI [1] for additional enhancements to NB-IOT/LTE-M which have the RRC signalling changes are the primary impact are given below.
· Specify signaling for neighbor cell measurements and corresponding measurement triggering before RLF, to reduce the time taken to RRC reestablishment to another cell, without defining specific gaps. [NB-IoT] [RAN2, RAN4].

· 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 this document we further discuss the benefits of paging carrier selection based on CEL and the solution overview.
2
Discussion 
In RAN2-113e meeting, for paging carrier selection based on CEL network assignment of paging carrier and UE selection of paging carrier are further considered for evaluation. 
2.1 Motivation for paging carrier selection based on CEL and R-max 
According to current specifications all paging carriers supports same coverage level and similar Rmax value which corresponds to the maximum coverage level support needed in the cell. In such configurations whenever paging messages needs to be sent for UE in normal and extended coverage situation, the paging message containing both UE paging record should be sent with repetitions corresponds to UE with highest CEL. This will lead to redundant usage of downlink resources compared to the case if they can be sent independently.  
The paging message scheduling for UE in higher coverage level will extend to the next paging occasion due to larger number of repetitions. In this case the paging for UE in higher coverage situation will increase the false wake-up of UE in normal coverage across multiple paging occasions. This larger duration of paging repetition also impacts the scheduling of paging messages waiting for the paging occasions overlapped by the repetitions. 
Separation of paging search space for UE in normal CEL and extended coverage level is beneficial to improve the system performance for the above cases. This can be achieved by assigning separate paging carriers to serve UE in different coverage level,
Observation 1: Separation of paging search space for UE in normal coverage and extended coverage level is one of the main reason to have paging carrier configurations with different Rmax value and CEL.
Eventhough configuration of different value for maximum repetition for paging search space is already possible, UE carrier selection does not consider this information and selects carrier based on UE-ID. Here the UE attempt its blind decoding for paging search space starting from the lowest number of repetitions in the paging search space until the maximum repetition. If the Rmax value of selected carrier is configured with lower value than the UE coverage conditions the UE may not be able to decode the paging successfully. To enable the UE reselecting to cell having different Rmax values across paging carriers based on CEL, the cell should broadcast information that it supports paging carrier configuration with different CEL. This information also indicate that network also select the paging carrier based on the coverage level or repetition level it has chosen for paging.
Proposal 1: NW support of paging carrier selection based on coverage level shall be indicated in system information message.
In current NB-IoT system, the paging transmission towards idle mode normally starts in the last serving cell based on last known coverage level. The last known coverage level was reported from ENB at the time of RRC connection release. The paging retransmissions in the last known cell may use increased number of repetitions from the last known level. With the above paging mechanism, the paging carrier selection algorithm at UE and NW is based on UE-ID which will result in both UE and NW selecting same carrier for paging /paging monitoring. With change of paging carrier selection based on coverage level, there may be possibility of mismatch on the selected carrier depending on the coverage level change. Hence the paging carrier selection algorithm based on CEL needs to be adapted for CEL change scenario within same cell.
Observation 2: Coverage level-based paging carrier selection may lead to UE and NW selecting different carrier for paging in case of CEL change scenarios
Proposal 2: Paging carrier selection algorithm based on coverage level shall ensure that UE and NW selecting the same carrier for paging for CEL change scenarios.
2.2 Analysis of options for different scenarios
In case of option 2 where network configures paging carrier at the time of RRC connection release, the paging reception at next paging occasion will consists of following steps.

Case 1: CEL at PO higher than coverage level corresponds to maximum repetitions of assigned paging carrier

In this case for option 2, if the UE continue to monitor the assigned paging carrier whose maximum repetition level is not sufficient for the current coverage level, UE will not be able to receive the paging message until it switches the paging carrier to another carrier with maximum repetition level of the cell. As the UE is in CEL higher than the current selected carrier NW also will not receive paging response unless it selects another paging carrier for retransmission.  
Observation 3: For NW assigned paging carrier option, UE may miss the paging message on PO when CEL at PO is higher than the CEL possible for the carrier.
In this scenario, the paging carrier selection algorithm needs to define fallback mechanism for switching to carriers which supports maximum number of repetitions. One simpler option is to define RSRP threshold applicable for the NW selected carrier at the time paging carrier assignment as condition to select the NW assigned paging carrier. If RSRP level at PO is higher than the above threshold UE should switch to anchor carrier which needs to support maximum coverage level of the cell.
Proposal 3: For NW assigned paging carrier option, NW should also configure RSRP threshold applicable for this carrier along with fallback mechanism when CEL at PO does not satisfy this condition.

In this case for option 1, UE selects the paging carrier based on the number of repetitions required corresponds to the coverage condition at PO.  The UE selects the paging carrier whose Rmax is closer to the estimated required number of repetitions.  The NW starts its first paging on carrier which is selected based on last known coverage level and UE may miss the paging sent on this carrier. But this is also expected UE behavior for the paging using UE-ID based carrier selection mechanism also. Later when the NW increases the repetition level, it selects paging carrier which is also monitored by UE.
Observation 4: For CEL based paging carrier selection option at UE, the UE will receive the paging on the selected carrier without any fallback mechanism.

Case 2: CEL at PO better than coverage condition at the time of RRC connection release

For NW selected paging carrier option in this case, there will not be any issue for paging reception at UE as the coverage level of selected paging carrier already support the lower number of repetitions.

Observation 5: NW assigned paging carrier option works well for CEL changes to better coverage condition at PO.
For CEL based paging carrier selection if UE CEL becomes better than the CEL at previous RRC connection release and if UE chooses different carrier whose Rmax is closer to the current CEL, the UE will miss the paging message because the NW will always starts the paging based on last known CEL and only increases the repetitions in further paging retransmissions. In this case, the UE will not receive the paging message unless some changes are considered in the paging carrier selection algorithm.
Observation 6: If the UE selects paging carrier based on CEL without considering last known CEL, UE will not receive paging message as NW attempts to select paging carrier and CEL based on last known CEL.
If the CEL based paging carrier selection algorithm considers the last known CEL along with CEL at PO for selection of paging carrier, above problem can be mitigated. The CEL based paging carrier selection should consider the last known CEL as the CEL for paging carrier selection when the CEL at PO is better than last known CEL.
Proposal 4: For UE selection of paging carrier based on CEL, UE considers the last reported CEL as the CEL for paging carrier selection algorithm if the CEL at PO is better than last reported CEL.
Case 3: Paging carrier selection after cell reselection 

NW assigned paging carrier option cannot be extended for another cell as the paging carrier configurations and repetition levels of new cell may be different from current serving cell.
Observation 7: NW assigned paging carrier selection cannot be extended for paging reception after cell reselection from last serving cell in many scenarios.

UE selection of paging carrier based on CEL can work after cell reselection provided the network start the paging transmissions in neighboring cells starting from the carrier with lower number of repetitions. Alternatively if the NW indicate that the paging retransmission in neighboring cells also start with last known coverage level to UE, UE can also consider this CEL for paging carrier selection after cell reselection. 

Observation 8: UE selection of paging carrier selection can be extended for cell reselection with additional network assistance information.
Proposal 5: ENB provides additional information about the starting repetition level for paging transmission in non-serving cells if the UE is configured for CEL based paging carrier selection.
Based on the above analysis, we can conclude that some specification changes required for both options of paging carrier selection mechanism for CEL change scenario within same cell. For cell reselection scenario, UE selection of paging carrier based on CEL can be extended with minor addition of parameters related to the paging carrier selection in the RRC connection release. Considering the applicability of option for all possible idle mode mobility scenarios option 2 with some minor adaptations is preferred than NW selection of paging carrier. 
Proposal 6: RAN2 consider the UE selection of paging carrier based on CEL with minor adaptation for further specification work.

2.3 Measurements for Paging carrier selection
One of the issues discussed during RAN2-113bis-e meeting for CEL paging carrier selection is about the UE determination of required number of repetitions for the coverage condition at the time of paging reception. The UE is already capable of selecting different CEL for RACH configuration where the decision is based on RSRP threshold and each pool is configured with maximum repetition level. This concept can also be extended for determining the paging carrier selection. For this option to work the Rmax values of paging carriers are not chosen to any arbitrary values across carriers instead it is either configured as paging carrier for normal coverage and extended coverage scenarios. With such 2-3 sub-groups of paging carriers defined with Rmax mapped to RSRP threshold, the existing mechanism of RSRP based CEL determination can also be used for paging carrier selection.
Proposal 7:  For CEL based paging carrier selection paging carriers are grouped into 2-3 subgroups similar to CEL based RACH Pool Selection.
Proposal 8:  Network configures RSRP threshold for selection of set of carriers corresponds to specific CEL. UE uses RSRP measurement at the time of PO monitoring for paging carrier selection.
3
Summary
We analyse the paging carrier selection options in this discussion paper. We make following observations and proposals.
General 
Observation 1: Separation of paging search space for UE in normal coverage and extended coverage level is one of the main reason to have paging carrier configurations with different Rmax value and CEL.

Proposal 1: NW support of paging carrier selection based on coverage level shall be indicated in system information message.

Observation 2: Coverage level-based paging carrier selection may lead to UE and NW selecting different carrier for paging in case of CEL change scenarios

Proposal 2: Paging carrier selection algorithm based on coverage level shall ensure that UE and NW selecting the same carrier for paging for CEL change scenarios.

Analysis of Options 

Observation 3: For NW assigned paging carrier option, UE may miss the paging message on PO when CEL at PO is higher than the CEL possible for the carrier.
Proposal 3: For NW assigned paging carrier option, NW should also configure RSRP threshold applicable for this carrier along with fallback mechanism when CEL at PO does not satisfy this condition.

Observation 4: For CEL based paging carrier selection option at UE, the UE will receive the paging on the selected carrier without any fallback mechanism.

Observation 5: NW assigned paging carrier option works well for CEL changes to better coverage condition at PO.
Observation 6: If the UE selects paging carrier based on CEL without considering last known CEL, UE will not receive paging message as NW attempts to select paging carrier and CEL based on last known CEL.
Proposal 4: For UE selection of paging carrier based on CEL, UE considers the last reported CEL as the CEL for paging carrier selection algorithm if the CEL at PO is better than last reported CEL.

Observation 7: NW assigned paging carrier selection cannot be extended for paging reception after cell reselection from last serving cell in many scenarios.

Observation 8: UE selection of paging carrier selection can be extended for cell reselection with additional network assistance information.
Proposal 5: ENB provides additional information about the starting repetition level for paging transmission in non-serving cells if the UE is configured for CEL based paging carrier selection.

Proposal 6: RAN2 consider the UE selection of paging carrier based on CEL with minor adaptation for further specification work.

Measurements for paging carrier selection 

Proposal 7:  For CEL based paging carrier selection paging carriers are grouped into 2-3 subgroups each configured with RSRP Threshold for selection of the sub-group.
Proposal 8:  Network configures RSRP threshold for selection of set of carriers. UE uses RSRP measurement at the time of PO monitoring for paging carrier selection.
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Appendix: RAN2 Agreements for Carrier Selection 

RAN2-111e- 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

RAN2-113-e Agreements:

· Select between one of the options:

· Option 1: UE selects a paging carrier based on a rule configured by the network

· Option 2: NW configures a specific paging carrier

· Working assumption: For both options, when coverage changes, mechanism that requires UE to report the update of coverage is not introduced. 

