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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 
2.1 Carrier Selection for Paging based on Coverage Level

In existing NB-IoT system, the paging carrier selection is based on UE-ID and also weight associated with each of the carrier. Within single carrier, the NPDCCH configuration for paging is defined with maximum repetition number for each of the carriers. The maximum number of repetitions for paging search space is configured based on the maximum CEL to be supported in the cell. Number of paging occasions per DRX cycle (NB) is also defined for each carrier and network should configure this value in such a way that the paging search space does not overlap between successive PO.

Following are the main issues related to configuring same paging carrier for UE at different CEL.

· When there is need to send paging for UE in different CEL on the same paging occasion, the paging message needs to be sent using the CEL associated with UE in highest CEL. This will lead to the common paging message sent using maximum repetitions. 
· As the number of paging occasions per DRX cycle depends on the search space size which depends on Rmax of paging search space, the false wake-up performance of UE in better coverage is also impacted by larger Rmax value configured commonly for all UE.

For the first problem, defining separate paging carrier for UE in different CEL may improve the situation of resource utilization slightly compared to the existing system. But considering the UE distribution at higher CEL at only 10% compared to UE in good coverage level and also the possibility of UE in different CEL being paged at same paging occasion, the potential improvement is marginal only.

For the second problem, configuring separate paging carrier with different NB value for each CEL will improve the paging efficiency for UE in good coverage condition. As the UE distribution in good coverage condition is significantly higher within single cell, the improvement in increasing the paging occasions will lead to overall system level improvement on UE performance for paging monitoring.
Observation 1: Configuration of  paging carrier along with separate NB value based on coverage level is needed to improve the paging monitoring performance of idle mode UE in good coverage condition.

Proposal 1:Selection of paging carrier based on CEL along with carrier specific configuration of NB value should be supported.
2.2 Solution details for Paging carrier selection based on CEL 

In existing system, the number of repetitions to be used for the paging is decided based on the CEL information received by ENB from MME. MME provides this information based on the CEL information reported from ENB as part of release of last RRC connection for the UE. UE select the initial number of repetition level to start decoding the paging search space based on its CEL at the time of paging monitoring.  If the UE is stationary, both the above will lead to same value, and UE will be able to receive the paging based on first transmission itself. In case if the UE moves to different radio condition after last RRC connection, if the UE is in worser radio condition the UE may attempt to receive paging using higher repetition but the actual transmission might have used lower number of repetition from network. In this case, the UE may receive paging message when NW increases the repetition number in next paging transmission. If the UE has moved to better radio condition compared to last known CEL, the UE will be able to receive the first paging message itself as network transmits more repetitions than the actual CEL in this case.
When the paging carrier selection is based on CEL, there could be additional impact for paging reception for the above procedure as there may be mismatch between the selected carrier for paging at UE and network in some scenarios. This require some changes in the paging carrier selection algorithm at UE based on CEL difference between last known /reported CEL and current CEL at the time of paging monitoring.

As a first step for the solution, UE should know the last CEL information reported to MME for next paging at the time of RRC connection release if it receives the RRC connection release explicitly. Otherwise the UE should be deduce the last known CEL based on the Rmax value associated with UE specific search space configured for the UE in last RRC connection.
Proposal 2: CEL information in terms of number of repetitions for NPDCCH used at the time of RRC connection Release is stored at UE and used for paging carrier selection at the time of paging carrier monitoring. FFS whether this value is explicitly signaled or deduced by UE on release of RRC connection.

The paging carrier selection algorithm at UE is based on the current CEL and also the last known CEL in terms of number of repetitions for NPDCCH. If the current CEL is better than last known CEL, UE uses the last known CEL for paging carrier selection. The paging carrier configured with Rmax value closer to the selected CEL is chosen for paging monitoring in this case. If the current CEL at the time of paging reception is worser than the last known CEL, UE selects the paging carrier based on current CEL.

The message sequence diagram illustrating the paging carrier selection based on current and last known CEL is given below.
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Proposal 3: For paging carrier selected based on CEL, the signaling procedure described in Fig 1 is considered as baseline.
As per the above procedure, if the UE has moved to CEL higher than last known CEL, the UE may not be able to receive any paging message until the network selects higher CEL for paging retransmission. In this case the UE may succeed in decoding the paging with last known CEL if it also monitor the paging in another carrier. But this will lead to UE monitoring two paging carriers simultaneously. It is possible to improve the performance in this scenario with some additional coordination of information about initial and paging retransmission information between ENB and UE.
Proposal 4: RAN2 to discuss further enhancements to minimize the impact of mismatch of paging carrier selection based on CEL between UE and ENB.

3
Summary
In this document we analyzed benefits of paging carrier selection based on coverage level and also high level overview of the solution aspects. We make following observations and proposals based on the analysis.
Observation 1: Configuration of  paging carrier along with separate NB value based on coverage level is needed to improve the paging monitoring performance of idle mode UE in good coverage condition.

Proposal 1:Selection of paging carrier based on CEL along with carrier specific configuration of NB value should be supported.

Proposal 2: CEL information in terms of number of repetitions for NPDCCH used at the time of RRC connection Release is stored at UE and used for paging carrier selection at the time of paging carrier monitoring. FFS whether this value is explicitly signaled or deduced by UE on release of RRC connection.

Proposal 3: For paging carrier selected based on CEL, the signaling procedure described in Fig 1 is considered as baseline.

Proposal 4: RAN2 to discuss further enhancements to minimize the impact of mismatch of selected paging carrier at UE and ENB.
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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
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