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Discussion and decision
1 Introduction
During RAN2#111-e, proposal for the following objective from the Release 17 work-item agreed for NB-IoT and eMTC [1] were discussed and some agreements reached [2]:

•
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]
	RAN2#111-e 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



An offline conducted during RAN2#111-e [3], which lead to the above agreements, was focused on very high level discussion to undersatand what is implied by the WI objective.
The document re-proposes some proposals from [4] to further progress this objective.
2 Discussion
2.1 Coverage-level based paging carrier

In 3GPP Release 13 a NB-IoT cell can only configure one paging carrier (on anchor carrier) but from 3GPP Release 14 up to 15 additional paging carriers can be configured, each one on a different non-anchor carrier [5]. This means the paging on anchor carrier must be configured to support all coverage levels supported in the cell otherwise paging to Release 13 UEs will be affected.
Observation 1: Paging channel on anchor carrier cannot be configured to support sub-set of the coverage level supported in the cell.

Proposal 1: Coverage based paging only supported on non-anchor carriers.

The current specification allows same paging carrier to be used by a UE in good coverage (e.g. requiring 0 or very few repetitions to receive paging message) and a UE in deep coverage (e.g. requiring very large number of repetitions). This means a UE in good coverage can experience long delay to receive the page because the paging channel is being used to page a UE in deep coverage. Furthermore, the paging channel parameters are typically set such that paging occasions for deep coverage UEs do not overlap, which means paging occasions for a UE in good coverage are more spaced out (i.e. long gap between end of transmission of one PO and start of transmission of next PO) then for UE in poor coverage. This introduces further delay to page UEs in good coverage. By creating two or more groups of paging channels each group corresponding to different coverage level the above issues can be overcome.

Observation 2: Paging carrier selection based on coverage level helps to reduce latency to deliver paging message to UEs in good coverage.

Specification already allows different number of repetitions to be configured for each paging channel but the paging DRX cycle is the same for all paging channels. Up to and including Release 15 all UEs used the same cell specific DRX cycle but from Release 16 different UEs could choose to use a different paging DRX cycle. Therefore, to take full advantage of paging carrier selection based on coverage level it makes sense for different coverage levels to support different DRX cycle. That is if there are n paging channels supporting coverage level 1 then all these n paging carriers can have same paging DRX cycle while other paging channels supporting other coverage levels can support different paging DRX cycles. The agreement from RAN2#111-e for DRX cycle based paging carrier selection is at best tentative (see section 1). While there is a relationship between Rmax, coverage level and eventually shortest DRX cycle without paging occasion overlap but the relationship is not straight forward. Although with given PCCH parameters (e.g. nB, Rmax) UE can compute the shortest non-overlapping DRX cycle but it is not best use of UE resources e.g. power (all UEs supporting this feature would need to do the computation for all the relevant carriers). It is much more efficient for (ng-)eNB to determine the shortest DRX cycle suitable for each paging carrier and configure it in SIB. By default, the paging DRX(s) configured for the anchor carrier applies.
Proposal 2: Introduce paging channel specific DRX cycle.

In legacy the same paging channel is used to page a UE regardless of UE coverage level at the time UE is to be paged. This meant paging channel selection is based on static parameters such as UE ID, number of paging channels configured in the cell, weighting of each paging channel, group WUS support. But with paging carrier selection based on coverage, UE may end up hopping between different paging channels as its coverage level changes in a cell. This will have detrimental impact on both paging capacity in the cell and delay to deliver page (which removes the key benefit). UE could signal to the network it has changed its coverage level but that would increase both UE power consumption and signalling load. Therefore, it is important for paging carrier selection to be deterministic and be independent of the actual coverage level UE experiencing.

Proposal 3: With paging carrier selection based on coverage level, avoid mechanism that require UE to report coverage level when coverage level changes.

In present specification, the configured coverage levels are used to select NPRACH resources and the same thresholds and corresponding coverage levels can be applied to paging carrier selection. Alternative is to have a separate list of thresholds for paging carrier selection based on coverage level. In both cases, the RSRP offset configured for low transmit power UEs (e.g. powerClass14dBm-Offset) should not be applied when determining coverage level to apply for paging carrier selection based on coverage level.
Proposal 4: powerClass14dBm-Offset is not applied when determining coverage level for coverage level specific paging carrier selection.

2.2 Coverage-level based NPRACH carrier

As with paging carrier, in 3GPP Release 13 a NB-IoT cell can only configure one NPRACH carrier (on anchor carrier) but from 3GPP Release 14 up to 15 additional NPRACH carriers can be configured, each one on a different non-anchor carrier [5]. As Release 13 UEs can only use NPRACH on anchor carrier then NPRACH on anchor carrier must be configured to support all coverage levels supported in the cell.

Observation 3: NPRACH on anchor carrier cannot be configured to support sub-set of the coverage level supported in the cell.

Proposal 5: Coverage based NPRACH only supported on non-anchor carriers.

Each coverage level is configured with one or more NPRACH carriers hence UE can have one or more carriers to select from for the desired coverage level [6]. Furthermore, the associated Rmax (i.e. npdcch-NumRepetitions-RA) for the NPDCCH associated with NPRACH can also be configured according to maximum coverage level supported by the NPRACH resource.
Observation 4: Each NPRACH resource on non-anchor carrier can already be configured to support different coverage level.
Observation 5: Unlink anchor carrier, NPRACH resource configuration on non-anchor does not need to be configured for all coverage levels support in the cell.

Summary

This document provides observations and proposals to further progress the discussion on coverage based carrier selection for NB-IoT.


Observation 6: Paging channel on anchor carrier cannot be configured to support sub-set of the coverage level supported in the cell.

Observation 7: 

 LINK Word.Document.8 "C:\\Users\\mdhanda\\OneDrive - Qualcomm\\Documents\\3GPP\\RAN\\RAN2\\RAN2 #112\\QC\\R17\\L1701 - Paging carrier selection\\R2-2009790 Paging carrier and coverage level.doc" _Hlk54255884 \a \h 
Paging carrier selection based on coverage level helps to reduce latency to deliver paging message to UEs in good coverage.

Observation 8: 
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NPRACH on anchor carrier cannot be configured to support sub-set of the coverage level supported in the cell.

Observation 9: 
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Each NPRACH resource on non-anchor carrier can already be configured to support different coverage level.

Observation 10: Unlink anchor carrier, NPRACH resource configuration on non-anchor does not need to be configured for all coverage levels support in the cell.



Proposal 6: 
Coverage based paging only supported on non-anchor carriers.

Proposal 7: 
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Introduce paging channel specific DRX cycle.

Proposal 8: 
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With paging carrier selection based on coverage level, avoid mechanism that require UE to report coverage level when coverage level changes.

Proposal 9: 
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powerClass14dBm-Offset is not applied when determining coverage level for coverage level specific paging carrier selection.

Proposal 10: 

Coverage based NPRACH only supported on non-anchor carriers.
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