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1 Introduction
New Rel-17 work item on additional enhancements for NB-IoT and eMTC was approved at RAN#86-e and revised at RAN#88-e [1]. One of the objectives in the WID is to introduce carrier specific configuration:
· 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 contribution, we focus on the use cases and scenarios of carrier specific configuration.
2 Discussion
2.1 Use cases

Different services may have different requirements in terms of coverage, latency tolerance, battery life, criticality, etc. 

One NB-IoT cell can operate with multiple NB-IoT carriers allowing to support simultaneously a number of different IoT use cases. For transmission in RRC_CONNECTED or for transmission using PUR in RRC_IDLE, the eNB can provide the configuration via dedicated signalling allowing different configuration or different carrier for different services. However, for some common procedures (e.g. paging, RACH etc.), the configuration is common to all UEs. It results in mixed services running on one carrier with the same configuration leading to a degradation of the system performances if the services requirements are very different. 
Observation 1. For dedicated configuration, it is already possible for the eNB to configure different carriers and/or different parameters to different UEs, i.e. for unicast in RRC_CONNECTED mode and PUR in RRC_IDLE mode.
Proposal 1: RAN2 to focus on allowing service specific configuration in common signalling so that the UEs with same/similar service requirement can perform common procedures (e.g. paging, RACH, etc) on corresponding carrier(s). 

2.2 Configuration in common signalling

Today, the configuration parameters provided in common signalling are either cell specific or carrier specific and apply indifferently to all UEs. 

In the following, we review the different configuration parameters and analyse whether it will be beneficial to allow different configuration for different UEs/ services.

2.2.1 Paging
The following configuration parameters are provided for paging:

· nB: cell specific
· npdcch-NumRepetitionPaging: carrier specific
· default Paging cycle: cell specific
· paging weight: carrier specific

· ue-SpecificDRX-CycleMin: cell specific

· wus-Config: cell specific and carrier specific

· gwus-Config: cell specific and carrier specific

Rmax of NPDCCH for paging
Carrier specific Rmax of NPDCCH for paging is already possible from signalling perspective. However, the motivation to introduce carrier specific Rmax is about fairness among different UEs. Since different carriers may have different downlink coverage and the UE selects paging carrier only based on its UE_ID, carrier specific Rmax allows the eNB to provide relative equal coverage enhancement on all paging carriers.
For the UEs in normal coverage, if Rmax is very large, although the UE can decode NPDCCH for paging very fast, the NPDSCH for paging message has to be after all NPDCCH repetitions. Thus the paging latency for those UEs is large.

If it is possible to assign UEs in deep coverage on the paging carriers with larger Rmax and assign UEs in normal coverage on the paging carriers with smaller Rmax, it is beneficial on paging latency for the UEs in normal coverage.
Proposal 2: For paging configuration, carrier specific Rmax to reduce paging latency for UEs in normal coverage can be considered.

nB 

nB reflects the density of paging occasions within one default paging cycle. The configuration of nB needs to guarantee that CSS overlapping for paging is avoided. From this point of view, if carrier specific Rmax is allowed (especially in case P2 is agreed and Rmax for paging on different carriers can be very different), it is beneficial to have carrier specific nB also so that the density of paging occasions on the paging carrier with smaller Rmax can be higher.

Proposal 3: For paging configuration, carrier specific nB can be considered.

Paging cycle

UE specific DRX cycle was introduced in Rel-16 NB-IoT. In the discussion on UE specific DRX, it was commented that a NB-IoT cell cannot support extreme coverage and short paging DRX cycle (especially smaller value such as 320ms and 640ms) at the same time due to CSS overlapping. If carrier specific DRX cycle and Rmax are supported, the UEs with short DRX cycle can be assigned to the paging carrier with smaller Rmax and the UEs under extreme coverage can be assigned to the paging carrier with larger Rmax. In this case, it is possible to support both short paging latency and extreme coverage enhancement very well at the same time in a cell.
Proposal 4: For paging configuration, carrier specific paging cycle can be considered.

WUS

WUS is always enabled or none or all carriers. Some UEs does not benefit from WUS (e.g. UE in very good coverage or UE always paged) or do not support WUS then it can be beneficial (for the NW) to assign these UEs on specific carriers.

Proposal 5: For paging configuration, carrier specific WUS configuration can be considered.

GWUS

GWUS can already be enabled on a carrier basis and paging based group selection already take into account some service aspect. 
If any of the above proposals is agreed, the current paging carrier selection mechanism also needs to be updated, i.e. coverage information and/or paging cycle and/or WUS capability of the UE need to be considered in paging carrier selection mechanism.

Proposal 6: If any of the above proposals 2-5 is agreed, paging carrier selection mechanism needs to be updated to take into consideration the corresponding UE capability.

2.2.2 NPRACH (for RA and EDT)

For NPRACH configuration (including both RA and EDT configuration), most of the parameters are already carrier specific and the configuration is very flexible. For example, different NPRACH carrier can support different functionalities/UE capabilities, i.e. legacy RA, EDT and / or RACH Fmt2 and different coverage level. The configuration of NPRACH can be different on different carriers even for the same repetition level, e.g. NPRACH periodicity, repetition number NPDCCH configuration for Msg4, etc. 
We only need to consider the common RACH parameters in RACH-ConfigCommon-NB IE, including:

· preambleTransMax

· powerRampingParameters

· ra-ResponseWindowSize

· mac-ContentionResolutionTimer

For above parameters, we do not see clear benefit to have carrier specific configuration.

Proposal 7: For NPRACH configuration, further carrier specific configuration is not considered.

2.2.3 SC-PTM

For SC-PTM, there are only one SC-MCCH and multiple SC-MTCH. SC-MCCH can only be transmitted on one carrier. Multiple SC-MTCH can be transmitted on different carriers with different configuration, e.g. SC-PTM DRX, repetition number, etc. Thus for SC-PTM, it is already possible for the eNB to configure different carriers and parameters to different SC-MTCH.
Observation 2. For SC-PTM, it is already possible for the eNB to configure different carriers and parameters to different SC-MTCH.
3 Conclusion

This paper focused on the use cases and scenarios of carrier specific configuration. Corresponding observations and proposals are listed as follows:
Observation 1. For dedicated configuration, it is already possible for the eNB to configure different carriers and/or different parameters to different UEs, i.e. for unicast in RRC_CONNECTED mode and PUR in RRC_IDLE mode.

Observation 2. For SC-PTM, it is already possible for the eNB to configure different carriers and parameters to different SC-MTCH.

Proposal 1: RAN2 to focus on allowing service specific configuration in common signalling so that the UEs with same/similar service requirement can perform common procedures (e.g. paging, RACH, etc) on corresponding carrier(s). 

Proposal 2: For paging configuration, carrier specific Rmax to reduce paging latency for UEs in normal coverage can be considered.

Proposal 3: For paging configuration, carrier specific nB can be considered.

Proposal 4: For paging configuration, carrier specific paging cycle can be considered.

Proposal 5: For paging configuration, carrier specific WUS configuration can be considered.

Proposal 6: If any of the above proposals 2-5 is agreed, paging carrier selection mechanism needs to be updated to take into consideration the corresponding UE capability.

Proposal 7: For NPRACH configuration, further carrier specific configuration is not considered.
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