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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]

The following agreements were made for paging carrier selection improvements in the previous RAN2 meetings [2]:

	· 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

· Paging carrier selection Improvements solely based on WUS or GWUS is not considered

· FFS service based
· 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.


The following email discussion is to further discuss the details and pros/cons of the two options for paging carrier selection:

· [Post113-e][351][NBIOT/eMTC R17] Paging carrier selection (Huawei)


Scope: Details and pros and cons of the 2 options.


Intended outcome: Report to the next meeting.


Deadline: Friday March 26 1100 UTC
2 Discussion
This document focuses on the details and pros / cons of the following 2 options:

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

· Option 2: NW configures a specific paging carrier

In offline summary R2-2102155 [3], for the pros/cons of the 2 options, the following aspects were mentioned:
· Whether coverage based paging carrier selection is restricted to the last known cell

· Coverage information that can be used to determine paging carrier

· Power boosting on different paging carrier

· Load balancing

· Combination with DRX cycle based paging carrier selection

· Fallback scenario

· Complexity / Standard impacts
2.1 Last known cell or not
In offline summary R2-2102155 [3], one essential aspect is whether coverage based paging carrier selection is restricted only to the last know cell or not.

Question 1: Whether the coverage based paging carrier selection is restricted only to the last know cell or not and whether this is different for the two options?
	Company name
	Yes/No
	Comments

	Ericsson
	No
	It is not necessary to restrict this. When the UE coverage level changes or UE happens to change cell; there can be some fallback mechanism that UE can apply. These rules can be provided via SIB22 broadcast as suggested in R2-2101395 for Option 2 based.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


2.2 Coverage information used to determine the paging carrier
In offline summary R2-2102155 [3], it was commented that in option 2, the eNB can consider a number of different aspects when assigning a paging carrier to the UE, e.g.:

· UE capability

· DRX cycle support

· Coverage information

· What sort of service the UE typically requires

· Carrier power boost information

· Carrier specific interference levels (that may be dynamic)

· UE differentiation information (e.g. battery operated, traffic profile, …)

· Load balancing between UEs in the cell (Rel-13 vs 14/15/16 vs ≥17)

Taking all these criteria into consideration is not possible for option 1, thus, it is a pro of option 2 (con of option 1).

Question 2: Do you agree that the eNB can consider a number of different aspects when assigning a paging carrier to the UE in option 2 and this can be consider as a pro of option 2 (con of option 1)?
	Company name
	Yes/No
	Comments

	Ericsson
	Yes
	For option 2, it is possible for the eNB to consider these aspects comprehensively when assigning a paging carrier to a UE. Furthermore, the allocation mechanism in option 2 is futureproof, it can easily be adopted when needed, for example, when specific requirements are needed for configuration due to a particular deployment scenario. 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


2.3 Power boosting on different paging carriers
In offline summary R2-2102155 [3], it was commented that different paging carriers may have different power level due to power boosting. In this case, for the same coverage, two paging carriers with different power level may have different Rmax.
Question 3: Do you agree that different power level on different paging carrier should be considered when selecting paging carrier? If yes, which option can achieve this better?
	Company name
	Yes/No
	Option
	Comments

	Ericsson 
	Yes
	Option 2
	The coverage of a certain paging carrier is determined by two static parameters:

· Power - may differ by 15 dB (nrs-PowerOffsetNonAnchor-r14=dB3...dB-12)

· Rmax - may differ by 33 dB (npdcch-NumRepetitionPaging-r14=r1...r2048)

For example, the following two non-anchor carriers will have the same coverage:

· carrier A: dB3, r8

· carrier B: dB-6, r64

This results in that a certain "negotiated CEL information" proposed for option 1 may be applicable to many of the paging carriers in a cell. 

A UE with a certain coverage condition will be reached on carrier A with repetition factor r2 and on carrier B with repetition factor r16 if we assume each doubling of repetitions corresponds to ~3 dB (as the power differs by 9 dB). The above is just one simple deployment example including two carriers but more complex scenarios may apply in real deployments where also carriers to provide service to legacy UEs (Rel-13/14/15/16) must be taken into account.

It is not clear for option 1 how:

1. the UE should select the carrier based on the above two static parameters (Power/Rmax) and the "negotiated CEL information" or how 

2. carrier specific interference levels should be taken into account (this information is only known to the eNB unless the UE would be required to make quality measurements on all paging carriers in a cell and we do not think this would be good/feasible) or how 

3. a UE in poor coverage could be configured to use a "better"/"optimized" carrier from a UE power consumption perspective or how

4. an NB-IoT cell could support having a specific carrier used only for UEs having a certain range of coverage: 

a. better than a certain coverage condition

b. worse than a certain coverage condition

c. a coverage condition range

For option 2 the above restrictions/drawbacks are not present and therefore we believe it is the preferred solution.



	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


2.4 Load balancing
In offline summary R2-2102155 [3], for load balancing among paging carriers, companies have different views on the two options. Some companies think that Option 2 is more flexible but some companies think that in Option 2 it is difficult for eNB to equally distribute UEs with same CEL to different paging carriers via dedicated signalling.
Question 4: Which option can achieve load balancing between different paging carriers easier /better? Why?

· Option 1

· Option 2

· Equal

	Company name
	Option
	Why?

	Ericsson
	Option 2
	In option 2, eNB can consider load balancing with dynamic and changing strategies. Though eNB would not record all UEs with their assigned specific paging carrier, it can better achieve load balancing within same CEL by adaptively choosing the best suitable paging carrier, for example, through monitoring each paging carrier’s performance. However, if need a NW implementation may choose to also record with help from OAM node or CN. 

With option 1, to achieve load balancing within same CEL, the paging equation in 36.304 needs to be updated; i.e may lead to more complex rules and specification impact. And it is difficult for option 1 to achieve load balance for different CEL and UEs with different Release, e.g. Rel-17 UE with pre Rel-17 UE.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


2.5 Combination with DRX cycle based paging carrier selection

In offline summary R2-2102155 [3], the combination between coverage based and DRX cycle based paging carrier selection were commented. For both options, there were solutions to support DRX cycle based paging carrier selection:

· For Option 1, 2-level carrier selecting rule can be considered, e.g. the UE selects a set of paging carriers which can satisfy its coverage requirement and then selection a paging carrier based on DRX cycle.

· For Option 2, the eNB can take UE specific DRX cycle into consideration when assigning the paging carrier to the UE.
Question 5: Which option can achieve DRX cycle based paging carrier selection easier/better? Why?

· Option 1

· Option 2

· Equal

	Company name
	Option
	Why?

	Ericsson
	Option 2
	For option 1, we are concerned on the complexity of the 2-level carrier selection rule. 

Option 2 can naturally and simply consider DRX cycle when assigning the paging carrier to the UE. It is much simpler than option 1.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


2.6 Fallback scenario

In offline summary R2-2102155 [3], fallback scenario (when coverage/serving cell changes) need to be considered for both options. 

Question 6a: Which option can address fallback scenario caused by serving cell change easier/better? Why?

· Option 1

· Option 2

· Equal

	Company name
	Option
	Why?

	Ericsson
	Option 2
	As specified in contribution R2-2101395; NW can provide fallback options in case of coverage/serving cell changes.


	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


Question 6b: Which option can address fallback scenario caused by coverage change easier/better? Why?

· Option 1

· Option 2

· Equal

	Company name
	Option
	Why?

	Ericsson 
	Option 2
	This option gives more flexibility in case of coverage change what would be the best options for the UE can be provided via broadcast. 

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


2.7 Complexity / Standard impacts
In offline summary R2-2102155 [3], complexity / standard impacts was discussed.
Question 7: Which option is simpler and / or has smaller standard impacts? Companies are encouraged to list potential complexity and standard impacts
· Option 1

· Option 2

· Equal

	Company name
	Option
	Potential complexity and standard impacts

	Ericsson
	Option 2
	Option 1 will need a much larger standard impact, e.g.

· Paging equation in 36.304 needs to be updated for paging carrier selection

· The mapping between CEL and paging carriers will consume a lot of signalling overhead.

· And /or a new rule for the UE to choose a CEL based paging carrier needs to be specified. 

Besides it is neither efficient nor flexible as compared to Option 2.



	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


2.8 Other
Please provides other pros/cons for both options, if any. 
	Company name
	Option
	Comments

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


3 Conclusion

This paper focused on coverage based paging carrier selection improvements. Corresponding proposals are listed as follows:
TBD
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