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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 analyse the scenarios for carrier selection based on coverage level and high-level signalling impacts for potential solutions. 
2
Discussion 
Paging Carrier selection 
When there are multiple paging messages are to be sent for paging occasion, network decides the number of repetitions to be applied based on the UE for which maximum repetitions are required. Single paging message containing multiple paging record is sent using this selected number of repetitions. With this scheme, the UE in normal coverage may decode the PDCCH with lesser repetitions but it may need to wait for the end of PDCCH for receiving the PDSCH. Moreover, paging transmission of higher coverage UE also occupies more repetitions for PDSCH thus impacting the available downlink resources for other common channels such as RAR. 
In addition, sending of paging records of UE in normal coverage and extreme coverage also leads to false wake-up scenario for normal coverage UE. Depending on the repetition level difference, there could be false wake-up impact for the UE in higher coverage also. Hence the carrier selection algorithm considering the maximum repetitions of paging search space may be beneficial to reduce paging latency and false-wake-up impacts.

Observation 1: Carrier selection based on Rmax of paging carrier is beneficial for better paging reception performance for UE in good coverage condition.
Change of Rmax of specific non-anchor carrier to lower value will impact the legacy UE which does not support Rmax based paging carrier selection. Current network implementations expected to configure the Rmax for non-anchor carriers which may have lesser coverage with higher value for Rmax compared to anchor carrier. In this case the legacy UE may not check the Rmax value for paging carrier selection. If this value is set to lower ,then UE may fail in decoding NPDCCH on the selected carrier. 
Observation 2: Reduction of Rmax value of specific non-anchor carrier for normal coverage UE may impact the paging reception of existing UE implementation which does not consider Rmax in the carrier selection algorithm.
Based on the above observations, paging carrier selection based on maximum repetition for paging search space can be used to minimize the impact on energy consumption at UE for paging monitoring. The selection of paging carrier based on the current coverage condition of the UE and the maximum value of repetitions for paging needs to further discussed within RAN2
Proposal 1: Paging carrier selection based on the Rmax configuration of non-anchor carrier should be supported.

When the Rmax value can be different across paging carriers in significant manner, the NB value also can be changed accordingly to allow better distribution of paging occasions within DRX cycle for paging carrier with higher NB value.
Proposal 2: Carrier specific NB value should be supported if Rmax across paging carriers can be different to restrict the usage based on CE level.

When the non anchor carriers are configured with different Rmax value and if the UE is selecting the paging carrier based on the repetition level the UE estimates, the UE may miss the first paging message because the network will attempt the paging for this UE using the last known CE level and Repetition value only. The last known CE level is reported by ENB to EPC based on the estimated coverage level of last downlink transmission. This value is not known to UE.

Proposal 3 :RAN2 to discuss whether the UE should select paging carrier based on the repetition level estimated based on current coverage situation or last known cell.

Carrier Selection for RACH Access
NPRACH Configuration in SIB2 indicates the possible CE levels supported by the cell. Number of NPRACH Resource pools are determined based on this parameter. This is defined as cell specific parameter. For each non anchor carrier, it is possible to configure lesser number of NPRACH resource pools than the number of CEL. If specific non anchor carrier needs to be reserved for UE in normal coverage, for this non anchor carrier only one NPRACH pool can be configured. But it is not possible to configure non anchor carrier only for higher CEL.  Moreover the selection of RACH pool is equally distributed as per current specification with the exception of probability for anchor carrier usage.

To enable mapping of UE of specific CEL to set on non-anchor carriers additional parameters are needed in system information.

Observation 3: Carrier selection for RACH Access based on CEL requires additional mapping information in system information about the exclusive mapping of CEL to non-anchor carrier.

To enable exclusive use of specific non-anchor carrier for one CEL, the NPRACH resource pools for other CEL may need to be configured with lesser resources to allow sufficient resources for exclusive access for specific CEL. But this un-even distribution may impact the RACH Access from the UE which does not support carrier selection based on CEL.
Proposal 4: RAN2 discuss the impact to legacy UE for supporting CEL based non-anchor carrier selection for RACH Access and possible solutions to minimize the impact.
Paging Carrier selection based on DRX/eDRX configuration

There could be false wake-up across UE having different DRX and eDRX configurations when the paging occasions collides. For UE having long eDRX cycle, this may lead to additional false wake-up. Carrier selection based on DRX configuration or eDRX cycle configuration may also be beneficial. But the benefits may be marginal for UE already in eDRX configuration which achieves the major power saving due to deep sleep for longer duration.
Observation 4: Benefits of DRX cycle or eDRX configuration based carrier selection are only marginal.

Dedicated non-anchor paging carrier for UE moving out of last connected cell
UE capable of WUS/GWUS only monitor WUS/GWUS in the last used cell only. After cell reselection to another cell UE does not monitor WUS/GWUS even if it is configured in the cell. This UE behavior was agreed as solution to avoid false wake-up of UE in neighboring cells due to the WUS transmission for UE moving out of last connected cell.  This behavior restricts the benefits of WUS to only stationary UE or only in last used cell. With configuration of specific non-anchor carrier for paging transmission for the UE which are moved out of the last connected cell, this impact can be minimized. 
For example, in system supporting one anchor carrier and non-anchor carrier for paging, each cell can be configured with one carrier for paging transmission with WUS for the UE of its own cell (i.e. UE for which the current cell is last used cell) and another carrier for WUS and paging transmission to send the paging for UE whose last used cell is some other cell. 
Proposal 5: RAN2 to discuss support for configuration on non-anchor carrier dedicated for paging towards WUS capable UE moving out of last used cell.
Rel-16 supports service based GWUS to minimize the impact of false wake-up for UE having less paging probability due to paging towards UE with high paging probability. In case if the network intends to support UE based GWUS to maximize the use of all WUS groups for UE based grouping, it is still possible to avoid the false wake-up across UE with different paging probability if separate paging carriers can be assigned based on paging probability threshold values. In this each on each of the paging carrier WUS benefits can be maximized for GWUS. Even for UE which does not support GWUS, assigning paging carrier based on paging probability will improve the false wake-up performance. Because each service is assigned with separate paging carrier and associated WUS.
Observation  5: Carrier selection based on paging probability can improve the overall paging monitoring performance when the system support provisioning of UE with paging probability information.
3
Summary
In this document we analyzed  various carrier selection options for common channel operation of UE and following are the observations and proposals based on the analysis.
Observation 1: Carrier selection based on Rmax of paging carrier is beneficial for better paging reception performance for UE in good coverage condition.

Observation 2: Reduction of Rmax value of specific non-anchor carrier for normal coverage UE may impact the paging reception of existing UE implementation which does not consider Rmax in the carrier selection algorithm.

Proposal 1: Paging carrier selection based on the Rmax configuration of non-anchor carrier should be supported.

Proposal 2: Carrier specific NB value should be supported if Rmax across paging carriers can be different to restrict the usage based on CE level.

Proposal 3 :RAN2 to discuss whether the UE should select paging carrier based on the repetition level estimated based on current coverage situation or last known cell.

Observation 3: Carrier selection for RACH Access based on CEL requires additional mapping information in system information about the exclusive mapping of CEL to non-anchor carrier.

Proposal 4: RAN2 discuss the impact to legacy UE for supporting CEL based non-anchor carrier selection for RACH Access and possible solutions to minimize the impact.
Observation 4: Benefits of DRX cycle or eDRX configuration-based carrier selection are only marginal.

Proposal 5: RAN2 to discuss support for configuration on non-anchor carrier dedicated for paging towards WUS capable UE moving out of last used cell.
Observation  5: Carrier selection based on paging probability can improve the overall paging monitoring performance when the system support provisioning of UE with paging probability information.
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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

