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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 coverage-based 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.

	MediaTek
	No
	If the paging carrier selection is not restricted to the last know cell, UE can benefit from selection paging carrier even when UE moves out from the last know cell.

When UE moves to a new cell, UE can select a paging carrier based on the configured rule. Option 1 is preferred as option 2 needs an extra rule to be configured while option 1 can reuse the same configured rule.

	ZTE
	No

And different for the two options: 

Option1 can be also feasible in the new cell but option 2 seems not
	We understand this question is about whether CEL-based paging carrier selection can continue to be used even if the UE moves to a new cell and no need to fallback.

The CEL-based paging carrier selection can avoid that maximum repetitions are always used for sending paging message to UEs, which in turn is beneficial for reducing signalling overhead and increasing resources efficiency. Therefore, we have similar view as MediaTek that it’s better to continue to use CEL-based paging carrier selection after the UE changes cell, if it’s possible. For example, the possible cases are UE’s CEL in the new cell is unchanged or UE is an Enhanced Coverage Restricted UE. 

For Option 1:

If UE’s CEL in the new cell is same as the previous determined coverage, it’s possible/feasible for option 1 to keep using CEL-based paging carrier selection based on the previous determined coverage (in the old cell) and the broadcasted paging carrier configuration per CEL in the new cell. Here the assumption would be that the previous CEL can be transferred to new cell, e.g., from core network along with the paging message.
For Option 2:

Even the UE’s CEL keeps unchanged in the new cell, it’s still very less possible that the assigned specific paging carrier in option 2 can be reused in the new cell due to the following reasons:

· The assigned specific paging carrier may be unavailable (not configured) in the new cell;

· Even the same carrier is configured in the new cell, it’s also very likely the CEL corresponding to this carrier in the new cell is different from the CEL corresponding to it in the old cell;

· With combination of DRX-cycle based paging carrier selection, even the same carrier/same corresponding CEL are in new cell, it’s still possible the DRX cycle for this carrier is different from that in the old cell.

In a summary, Option 1 can be used in more cases and have less restriction than Option 2.

	Spreadtrum
	No
	When the UE moves to a new cell, it usually cause CEL changes. If the CEL changes, it can still keep using the previous CEL to determine the paging carrier based on the paging carrier configuration in the new cell. Even if when the coverage deterioration happens, some solution (e.g., fallback) can be taken into consideration.
However, for option 2, it has much restriction on the use of CEL-based paging carrier selection, which would limit the benefit brought by it.

	Huawei, HiSilicon
	Yes
	First, it seems companies’ reply focuses on fallback scenario, i.e. which carrier to use when the UE moves to another cell. Fallback scenario have been covered by section 2.6. The intention of this question is to confirm that whether the same carrier/same rule configured in the previous cell can still be used in the new cell.

From this point of view, our answer is no and we want to keep the solution simple.

For both options, when the UE moves to another cell, we think it is very likely that its coverage level (cell specific information) has changed so the information used at the eNB to determine the paging carrier is no longer valid. If the UE uses the CEL in the new cell to select the paging carrier, then do avoid paging miss, the eNB will have to page the UE twice, one according to the CEL rule and one according to the fallback rule. We do not think that double paging in all cells during paging escalation is an acceptable way forward form the network point of view.

Thus, we do not think that the “rule” used to select paging carrier in the two cells can be the same.

	Qualcomm
	No
	The paging carrier configurations for different cells can be different hence it is not practical to consider a paging carrier used in one cell is also right in other cells.

To avoid unnecessary paging carrier loading, it is best for UE to use the coverage-based paging carrier only in the last known cell and for all other cells use legacy scheme to select paging carrier.

This approach applies to both schemes.

	Nokia
	No
	The basic functionality of UE selecting paging carrier based on coverage level should be applicable even after moving out of last camped cell. If the UE moves to the new cell with the same CEL, network using the last known coverage level for sending paging In case if CEL changes then it will be the similar scenario of how UE fallback in case of CEL changes.
Above functionality will work for option 1 as the UE selects paging carriers mapped to CEL first followed by specific carrier selection within this set using legacy mechanism. With option 2, the network assigned carrier is only applicable in last cell. The UE may need to switch to legacy paging carrier selection on moving to new cell. This will reduce the benefit of CEL based paging carrier selection for mobility scenario.
We don’t think CEL changes when the UE switches to different cell. For the scenario of asset tracking where the UE is expected to be in CEL-0 continue to be in same CEL when it is moved across cells in most of the cases.
In summary: CEL based carrier selection functionality need not to be limited to last connected cell. This is possible for option 1 only.


	Sequans
	Yes?
	Not quite sure how this differs from fallback.
If the correct carrier can be selected based on SI only, then the last known cell is irrelevant.
Otherwise, even without CEL change on cell reselection, we don’t see why in general the UE can expect the same configuration to apply in another cell.
In addition, for both cases we don’t see how the NW can avoid paging the UE on both the fallback and CEL-based carrier for the entire paging area (and that, after it had presumably already missed the UE twice on the CEL-based and fallback carriers of the last cell). This kind of escalation seems much too expensive, but if NW vendors are fine with it we would not object.

Either way, if eventually agreed to support such a complex scheme we do not see a major difference between the two options, as the information in option 2 can include instructions for such a case as well.


Summary:
6 companies indicated NO and 2 companies indicated YES, but it seems companies have different understanding of the question. The intention of this question was to confirm whether the coverage information/rule (option 1) or the carrier (option 2) negotiated in one cell can also be used in other cells. The fallback scenario are covered by section 2.6. 
From this perspective:
· 3 companies indicate that the coverage based paging carrier should only be used in the last known cell, when the UE moves, legacy mechanism to select paging carrier should be used in the new cell.

· 4 companies think that in some cases, e.g. the coverage of the UEs in different cells are the same, the same “rule” or paging carrier can be used in different cells.
Observation 1: There is no consensus on the coverage based carrier selection being restricted on last known cell.
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. 

	MediaTek
	No
	For UE capability, DRX cycle support, coverage information, What sort of service that the UE typically requires, carrier power boost information, carrier specific interference levels, these information are not only available for eNB but also available for UE. 

Regarding to UE differentiation information, which is only available on eNB, the battery indication, traffic profile, stationary indication and periodical communication pattern are not likely related to the needs of a shorter paging latency, which should connect to the type of business.
For the load balancing between UEs in the cell, the different paging carrier sets can be provide in the system information for Rel-17 UEs and legacy UEs. For the load balancing between Rel-17 UEs, UEs can be dispersed to different carriers by a rule like UE_ID. Dynamically load balancing on paging carrier level by eNB is not reliable, considering UE can move to different cells without a notification to eNB.

Therefore, there is no strong needs to limit the considering of different aspects to eNB. It is not a pro of option 2 and con of option 1.

	ZTE
	No
	We have similar view as MediaTek that consideration on these aspects is NOT a pro of option 2 and con of option 1.
1. Generally to say, the timing for paging carrier assignment would be obviously different from the timing for paging carrier selection and monitoring. Even many aspects can be considered during the paging carrier assignment, it’s still hard to guarantee the assigned paging carrier will always be suitable. In fact, the more aspects considered, the greater the possibility of aspects changes, and the greater the possibility that the assigned carrier will no longer be applicable in the later stage of paging monitor.
2. If (part of) the aspects (especially network side aspects) are changed, the options need to react to the changes. For this point, option 1 is more feasible and flexible than option 2 as option 1 is essentially more suitable for IDLE UEs enhancement. For example, if the system load is changed, the option 1 can easily adjust the paging carrier list (e.g., the number of carriers) of certain CEL(s) in SIB, and then all the existing UEs/new-entering UEs might have different paging carrier selection later. But this is difficult and very inefficient for option 2 as the eNB can only adjust the assignment one by one UE. More comments can be found in Question 4.
3. For all the mentioned aspects:

a) We strongly suggest to stick to the WID scope, e.g., focus on the main requirement, e.g., to 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.). So at least the service the UE typically requires (maybe we can say this sub-topic service-based carrier selection has been touched a bit in previous meetings and more companies think no related requirement) and UE differentiation information do NOT need to be considered in paging carrier selection enhancement. 
b) Coverage information/DRX cycle (and UE capability) would be the main aspects to be considered in both of option 1 and option 2.
c) Carrier power boost information and Carrier specific interference levels can be related to coverage information. They are easy to be taken into account in both option 1 and option 2, if needed. See our further comments in Question 3.

d) Load balancing aspect can see our further comments in Question 4.

	Ericsson
	
	Just to provide comments to MTK and ZTE response that these UEs are not LTE/NR UEs; we need to keep the solution as simple as possible.  As this paging carrier selection is mainly targeted to stationary or low mobility UE, we need to ensure a simple solution. 

Even when we consider coverage and DRX which is mentioned in WID; for UE based mechanism there will be need to have different rules; even just for coverage for e.g. power boost or not and then a separate rule for DRX. This is going to complicate the specification and UE algorithms.

	Spreadtrum
	No
	It might be out of the scope of the WID. From the WID, we understand that a predefined rule for paging carrier selection for both UE and NW should be taken into consideration.
For option 2, it really hard for NW to consider so many factors to assign a carrier as there are only a few paging carriers would be left. Moreover, it has much restriction on the flexibility of paging carrier assignment.

	Huawei, HiSilicon
	Yes
	We have similar view as Ericsson. 

We agree that both the eNB and the UE are aware of some of above information. But in option 2, it is simple that the eNB can configure proper carrier taking all the information into account. In Option 1, it may be possible if we also want to take multiple aspects into account, but in this case we need to consider those aspects into “carrier selection rule”, which may lead to very complicated “rule” or configuration.

	Qualcomm
	Maybe
	While eNB can use any one or more parameters to select a paging carrier to signal to the UE but the fundamental question is how can the eNB know which is the suitable paging carrier for this UE? While in RRC-CONNECTED state eNB can determine radio condition and adapt the radio configuration to overcome issues. But how can eNB know what the radio conditions will be like when UE needs to be paged sometime (e.g. 2 hours later or 2 days later) after the UE has been configured with a UE specific paging carrier? If paging carrier is selected without sufficient knowledge then paging performance can be severely impacted, in worst case UE becomes unreachable.

	Nokia
	Yes for the first part.(Yellow)
No for the second part (Green)
	As indicated by Ericsson if the intention is to limit the benefits of CEL based paging carrier selection only to stationary or low mobility UE, network can use multiple factors for assigning the paging carrier towards UE.
In our view the carrier selection mechanism based on other factors needs to be decided by UE to have benefit extended to systemwide. For example if there is need to assign different carrier for UE with lower DRX cycle and UE configured with eDRX to avoid cross false-wake up mechanism, it is recommended to provide such mapping in system information in each cell and UE select the appropriate carrier based on its assigned DRX/eDRX cycles. In these cases there is no chances for UE and network making different choices as in the case of CEL where CEL may change at UE depending on radio condition but network attempt to page using last known CEL.

	Sequans
	Yes
	It seems to us unlikely that a rule-based mechanism would be able to take more than a few parameters into account, so we agree this is a potential pro of option 2. 

Assuming this feature targets mostly stationary UEs, this also makes this possibility more likely to be useful.


Summary:
· 5 companies think that the eNB can consider a number of different aspects when assigning a paging carrier to the UE in option 2
· 4 companies think that this is not a pro of option 2 (con of option 1) as there is no strong need to take all aspects into consideration
There is no consensus on this aspect.

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.



	MediaTek
	Yes
	Equal
	For option 1, UE can be aware of the non-carrier power boosting level (nrs-PowerOffsetNonAnchor and npdcch-NumRepetitionPaging) from system information. There is no difference between two options.

	ZTE
	Yes
	Equal
	We have doubt on the following assumption. What’s the real intention of such assumption? 

two non-anchor carriers will have the same coverage:

· carrier A: dB3, r8

· carrier B: dB-6, r64

Our assumption is:

Same Rmax are corresponding to same coverage, e.g., eNB needs to ensure that the carriers with the same Rmax have the same coverage. Generally, such carriers having same Rmax might have same power boosting levels. But if they have different interference levels, it’s also possible different power boosting levels are configured for them, e.g, higher power boosting level can be configured for a carrier to compensate higher interference level.
In a summary, the CEL/power boosting/interference level related consideration in option 2 for assigning a paging carrier can be also applied in option 1 when providing paging carrier configuration per CEL/Rmax. UE can just compare the configured Rmax for the carriers with its assigned Rmax (corresponding to UE’s CEL) to select a suitable paging carrier.

	Spreadtrum
	Yes
	Equal
	Different power level on different paging carrier exists objectively. Power boosting combined with other parameters can be applied in option 1 and option 2 and achieve a similar expectation.

	Huawei, HiSilicon
	Yes
	Equal
	Same view as MediaTek

	Qualcomm
	No
	-
	A non-anchor paging carrier can have both power boost (up to 3dB) and power reduction (up to 12dB) compared to anchor carrier. To our understanding the non-anchor carrier power level and Rmax are used to ensure UEs can receive the paging reliably within the entire cell coverage. Therefore, non-anchor carrier power boost cannot be used to lower the Rmax if increasing power leads to increased interference to neighbour cells or adjacent bands.

With coverage-based paging carrier selection, the motive needs to be agreed i.e. is the motive to reduce the maximum time UE needs to be awake to receive the page or is the motive to reduce the interference to neighbour cells or adjacent bands? From the WID, it is not clear what the motive is for coverage-based paging carrier selection.

	Nokia
	No
	Equal
	Depending on the power level of each carrier the network can determine the maximum repetition for paging search space for each carrier. And this is also broadcasted as part of system information as a parameter for each carrier including non-anchor carriers. 
For both options decision on carrier is based on the repetition corresponds to current coverage condition (condition at the time of carrier assignment for option 1) and the carrier which has the Rmax closest to the UE coverage condition. So the power level need not be considered explicitly. Its impact is already reflected in the repetition level which is the main selection criteria for paging carrier selection.

	Sequans
	Yes
	Equal
	Agree with MediaTek


Summary:
6 companies think that thepower level on different paging carriers should be considered when selecting the paging carrier, 2 companies disagree.

Proposal 1: The power level on different paging carriers should be considered when selecting the paging carrier.

5 companies think that the two options are equal. 1 company thinks option 1 is better.
Observation 2: The two options are equal regarding different power level on different paging carriers when selecting the paging carrier.

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.

	MediaTek
	Equal
	Dynamically load balancing on paging carrier level by eNB is not reliable, because the eNB would not be able to know the exact load of a paging carrier, considering UE can move to different cells without a notification to eNB. Other method is equal to option 1 and option 2.

	ZTE
	Obviously Option 1
	As less paging carriers and much more UEs need to be handled, UE distribution among carriers would be very important for any kind of options. 

Option 1 tries to align with the legacy paging carrier selection scheme (maybe we can say the difference is just to use a sub set paging carriers which corresponding to UE’s CEL). So the effect of distributing UE among carriers still can be kept. We cannot understand why 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. The option 1 can easily adjust the paging carrier list (e.g., the number of carriers) of certain CEL(s) in SIB (according to the load changes), and then all the existing UEs/new-entering UEs might have different paging carrier selection. 
However, as mentioned before, load balancing/UE distribution is the main obstacle for option 2. Even for R17 UEs, it is difficult for eNB to equally distribute the UEs with same CEL to different paging carriers via dedicated signaling. The main reason is that it’s almost infeasible for eNB to record how many UEs have been assigned on a certain paging carrier. 
Taking a step back, even if the eNB can do some load balancing sometimes for option 2, e.g., as mentioned above, via assistance from OAM node or CN (we also doubt this as load is kind of dynamically changing aspect), another obstacle is how to react when the load is changed, as mentioned in Question 2. For example, at beginning some UEs with same CEL have been assigned to carrier_1 due to carrier_2 is overloaded. Later the load in carrier_2 is alleviated. Even the eNB can record the previous UEs assignment by some ways and now eNB wants to re-assign some UEs to carrier_2, if the existing UEs would not enter into RRC_CONNECTED again, there is no way for eNB to do this. 
Finally, we understand option 2 also has impact on TS 36.304 as R17 UE would not follow the paging carrier selection formula and just stick to the assigned paging carrier.

	Spreadtrum
	Option1
	For option 1, it achieves load balancing between the carriers configured with different coverage level through the configuration of paging carrier. Also, it is good for the load balance between the paging carriers configured with the same coverage level with the predefined rule.

For option 2, it is hard to uniformly distribute the UE to the carriers with the same coverage level or the carriers configured with different coverage level.

Therefore, from the aspect of load balancing, we can find option1 is better for achieving load balancing. 

	Huawei, HiSilicon
	Equal
	Same view as MediaTek

	Qualcomm
	Equal
	We think load balancing can be achieved with proper network configuration with both options. If network determines paging carriers in one coverage level are more loaded than paging carriers for other coverage level then network can redistribute paging carriers amongst the different coverage levels. In any case, paging channel loading is very much dependent on IoT application hence it is not very easy to determine the loading; network would need to determine loading over a period of time and make adjustments.

	Nokia 
	Almost Equal
	It is possible to achieve similar performance for load balancing for paging via both options. With Option 2 where the network is in control of the carrier assignment at the time of connection release the dynamic situation of loading at the time of assignment can be considered. For UE based selection network may need to modify the weights for carrier selection which will impact system information changes.

	Sequans
	Equal
	Agree with Qualcomm


Summary:
5 companies think that the two options are equal from load balancing perspective. 2 companies think option 1 is better. 1 company thinks option 2 is better.
Observation 3: The two options are equal from load balancing perspective.

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.

	MediaTek
	Equal
	There is no much difference between option 1 and option 2 regarding this aspect.

	ZTE
	Option 1 or equal
	The scenario for DRX cycle based paging carrier selection might be, the UEs with same Rmax may still have different UE-specific DRX cycles. Only based on Rmax information, it cannot guarantee a UE selects the carrier that is best matched its own UE-specific DRX cycle and therefore UE cannot obtain the smallest paging delay. Taking into account this requirement, we think carrier-specific DRX cycle configuration can be further considered.

If DRX cycle is agreed to be considered, additional work includes:

· For option 1, additional DRX cycle configuration per paging carrier in SIB is needed. But for option 2, even eNB may assign a final paging carrier to the UE which have taken into account UE specific DRX cycle, the UE still needs additional information in order to know how to monitor this paging carrier. We assume the idle mode UE cannot directly apply UE specific DRX cycle for monitoring this assigned carrier (if to do this, RAN1 spec about CSS/USS may be impacted). Therefore, we assume DRX cycle configuration for assigned paging carrier would also be needed for option 2, e.g., in SIB or dedicated signalling. With this consideration, option 2 is at least same as option 1. 

· The 2-level carrier selecting scheme is needed in option 1. But compared with the legacy paging carrier selection scheme from R14, we don’t think it would cause additional complexity to UE implementation. UE can just further select a carrier whose carrier-specific DRX cycle is equal to or the closest to UE-specific DRX cycle after determining a paging carrier list based on the Rmax.

	Spreadtrum
	Option 1
	For option 1, the combination with DRX cycle based paging carrier selection is easier to achieve DRX based paging carrier selection with a predefined rule.

	Huawei, HiSilicon
	Option 2
	In our view, for both options, we need to have carrier specific DRX configuration as mentioned by ZTE.

In addition, for option 1, 2-level carrier selection is needed and we have the same concern as Ericsson on the complexity.

	Qualcomm
	Equal
	We think in both cases similar approach to selecting paging carrier based on coverage level and DRX can apply. As stated above, the 2-step approach can be performed by the UE with Option 1 or by the eNB with option 2. The assumption is that there are more than one paging carrier that satisfy a specific coverage level and then select one paging carrier from these based on DRX cycles.

	Nokia 
	NA
	In our view separate discussion and agreement needed for DRX based carrier selection. As per our initial view UE based selection is better for this category of paging carrier selection.

	Sequans
	Option 2
	Both options can achieve this, but we share the concern about the 2-levels complexity for option 1; not to mention that from previous responses, option 1 seems already to be envisioned as quite complex.


Summary:
· 3 companies think that the two options are equal to support DRX cycle based paging carrier selection.

· 3 companies think option 2 is better due to the concern on the complexity of 2-level mechanism in option 1

· 2 companies think option 1 is better.
There is no consensus on this aspect.

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.


	MediaTek
	Option 1
	For option 1, after moving to another cell, UE can select a new paging carrier based on the configured rule. And eNB also know the carrier which the UE is going to select.

For option 2, it needs an extra rule to select a paging carrier by UE. A same job would be done twice by 2 different participants.

	ZTE
	Option 1 
	Both of the options can address fallback scenario caused by serving cell change.
As mentioned in Question 1, Option 1 can be used as much as possible even serving cell changes. Fallback would be needed only when UE’s CEL changes in the new cell. But for Option 2, fallback would be almost always needed. 
No matter for option 1 or option 2, if fallback is invoked, the legacy paging carrier selection scheme would be used in new cell. 
For option 2, some other fallback ways have been mentioned before, e.g., assigning other dedicated carrier or anchor carrier as “fallback” carrier, but both of them seem infeasible due to following reasons:

· Assigning other dedicated carrier as “fallback” carrier seem infeasible as NW cannot predict which target cell UE would go. 
· If anchor carrier is used as “fallback” carrier in the new cell, not only the benefit of multi-carrier paging scheme would be lost after UE moving but also the anchor carrier in those new cells are easy to be congested. 

	Spreadtrum
	Option 2
	For option 1, even if the serving cell change, the network still pages the UE based on the previously determined coverage level. After failing in paging, it would perform fallback operation.

For option 2: when the serving cell changes, it would directly perform fallback.

	Huawei, HiSilicon
	Equal
	As indicated in Q1, we do not think it is possible having the same selection rule (based on a cell specific information) in all cells without having double paging by the eNB. Based on this assumption, we think the fallback scenario should be the legacy rule for both options. 

	Qualcomm
	Equal
	We think the fallback paging carrier can be selected using legacy paging carrier selection scheme. The same scheme also proposed to be used when UE reselects a different cell (see response to 2.1).

With option 2 network could configure a fallback paging carrier but we don’t see why this would be any better than selecting fallback paging carrier using legacy scheme.

	Nokia
	Option 1
	UE based scheme can apply the same mechanism in any cell provided the CEL is not changed during mobility. In our view this would be the case for IoT mobility scenarios such as asset tracking or vehicle mounted IoT devices. Network based scheme needs to fallback to legacy method where we don’t get the benefit of CEL based carrier selection in new cell even if it support the same.


	Sequans
	Equal
	Agree with HW
In  any case, any fallback scheme can be equally configured by both options.


Summary:
· 3 companies think that the two options are equal. For both options, in case the serving cell changes, legacy mechanism can be used to select paging carrier.
· 3 companies prefer option 1. 2 companies prefer option 2.
There is no consensus on this aspect.

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. 

	MediaTek
	Equal
	Since UE is unlikely to notify eNB the coverage change, UE has to fall back to the legacy paging carrier for both options.

	ZTE
	Option 1 or Equal
	Both of the options can address fallback scenario caused by CEL changes (in the same cell). 

Fallback to the legacy paging carrier selection scheme would be straightforward for both option 1 and option 2. Moreover, some other ways can also be considered.
For Option 1, the following ways (still relying on CEL) can be considered:

· As mentioned in [R2-2100326], an additional Rmax-fallback might be assigned from NW to UE along with provision of the evaluated Rmax. When UE detects CEL change, the UE can use this assigned Rmax-fallback to select paging carrier. And eNB can use Rmax-fallback after the first time paging failure, e.g., to send paging on both carriers determined by the assigned Rmax and Rmax-fallback.
· A simpler way may be, UE can still monitor the carrier selected based on the Rmax assigned previously, but with a larger NPDCCH repetitions for NPDCCH reception. E.g., the paging carrier does not need to change and the successful paging can be guaranteed by more NPDCCH repetitions (eNB should also use the larger NPDCCH repetitions for transmission)
For Option 2, it also can fallback to anchor carrier or an assigned “default” paging carrier. Considering congestion in anchor carrier, fallback to other “default” paging carrier seems preferred.

	Spreadtrum
	Option 1

	For option 1, even if the coverage change, the network can still pages the UE based on the previously determined coverage level. After failing in paging, it would perform fallback operation.

For option 2: only when the serving cell changes, it would perform fallback. In the serving cell, even if the coverage changes, it would not perform fallback and page the UE based on the previously assigned carrier via a dedicated signalling.

	Huawei, HiSilicon
	Equal
	Agree with MediaTek

	Qualcomm
	Equal
	Don’t see there is any difference in complexity of fallback paging carrier selection, especially if fallback paging carrier is selected using legacy paging carrier selection scheme.

	Nokia
	Equal
	Both cannot handle the CEL change situation effectively. The problem is mainly because of mismatch between the coverage level information and UE and network. 
Case 1: UE in good coverage requires lesser repetition for paging reception at the time of connection release. And later changes to higher CEL.
In option 1 and option 2, the selected paging carrier have Rmax corresponds to CEL-0.
With option 1, UE select carrier which have Rmax closer to the current radio condition which is different from network known carrier. The UE will miss the paging unless network switches the paging transmission to higher coverage level.
With option 2, network need to disable the transmission over selected paging carrier if there was no response for initial transmission and fallback to legacy procedure and chooses carriers with maximum Rmax value. UE is also expected to switch to legacy scheme excluding the carriers configured with lower Rmax value.

In both cases there is impact to paging reception and there would be possible loss of paging and paging retransmissions.

Case 2 : UE in higher CEL at the time of RRC connection release and later UE changed to better CEL.

In this case, when the wake up on next paging occasion it finds better coverage condition and can select carrier with lower number of Rmax. But this will lead to missing of paging as network will use the carrier based on last known CEL only. For option 1 UE should avoid CEL based selection if the CEL becomes better than last CEL at the time of connection release. For option 2, UE can simply continue with assigned paging carrier and it will work. No change in UE behaviour expected in this case for option 2.


	Sequans
	Equal
	Agree with QC


Summary:
· 6 companies think that the two options are equal. 

· 4 companies think that for both options, in case coverage changes, legacy mechanism can be used to select paging carrier.

· 2 companies prefer option 1. 1 company prefer option 2.
Observation 4: The two options are equal for the fallback scenario triggered by coverage changes.
Proposal 2: When the coverage becomes worse, e.g. not possible for the UE to receive paging on the selected/configured carrier, the legacy mechanism is used to select paging carrier.

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.



	MediaTek
	Depends
	If the selected paging carrier is not restricted only to the last know cell, then for option 2, a same rule like option 1 of paging carrier selection for the fallback when moving to a new cell need to be specified, the impact and the complexity would be equal.
Otherwise, option 2 has obviously less impact and complexity.

	ZTE
	Option 1
	We have the briefly evaluation about the related impacts for these two options (the number of stars reflects the degree of the impacts). In a summary, the total impacts of Option 1 is less than that of Option 2:
Option 1
Option 2
SIB change
* *

*(Note 2)
Dedicated signaling change
*

* * *(Note 2)
UE calculation ( impacts on 36.304)
**

*

RAN3 impacts
Almost none(Note 1)
* *(Note 3)
CN impacts
*

* *(Note 3)
Total degree of impacts
******(6)
*********(9)
Note 1: for option 1, existing signaling and IE in RAN3 spec can be re-used as much as possible. Moreover, in current spec, Cell Identifier and Coverage Enhancement Level information can already be provided in the S1AP/NgAP procedure, this CEL info can be used for this purpose. To differentiate from the legacy paging carrier behavior, an additional simple indication might be considered to indicate that CEL-based paging carrier is used. 
Note 2: The format of the assigned paging carrier in Uu interface needs further discussion with very careful thinking about avoiding unmatched issue. For saving signaling overhead, if just carrier index is provided, UE and eNB may have different understanding on the exact carrier. Absolute value of EARFCN looks better but it has issue of signaling overhead. Moreover, we assume additional configuration, e.g., about required repetition numbers (see comments in section 2.8) or required DRX cycle (see comments in Question 5) on this assigned carrier may be needed. If such configuration is provided in dedicated signaling along with assigned carrier, it may be highly possible to provide same copy of information to many UEs. Therefore, changes in SIB may be also needed.

Note 3: The assigned paging carrier needs to be stored in core network and sent back to eNB in next paging. But what’s the format of the assigned paging carrier in the S1/NG interface and core network storage needs further discussion. Absolute value of EARFCN looks better for avoiding unmatched issue but it has issue of signaling overhead.

	Spreadtrum
	Option 1
	For option 1:

· Define the formula of paging carrier selection.

· Obtain the information of coverage.

· Fallback operation.

For option 2:

· Assign paging carrier via a dedicated signalling.

· Match relationship between assigned carrier and configured carrier especially when SIB updates.

· S1 interface paging impact.

· Fallback operation.

From the above compare, option 2 has more potential complexity and standard impacts.


	Huawei HiSilicon
	Option 2
	We think the table provided by ZTE is not fair, especially:

1. Dedicated signalling. If the paging carrier is only used in the same serving cell, we do not see any mismatch issue thus do not understand why carrier index cannot work.

2. UE calculation in 36.304. For option 2, there will be impact on 36.304 but there is no calculation. Taking our experience on GWUS in R17, we do not think “**” v.s. “*” is a reasonable assumption.

3. RAN3/CN impact. We are not sure what the difference is. In addition, it is the same for both options that additional information for coverage based paging carrier selection can be included in the current UEPagingCoverageInformation-NB-IEs. Please note that the content of this IE has no RAN3/CN impact at all. Thus we think RAN3/CN impact for both options are the same.



	Qualcomm
	Equal
	We don’t think complexity can be assessed till we have clear understanding of the solutions for option 1 and option 2 hence we consider the complexity is the same. In any case, a low-complexity solution may turn-out to be less useful. 

	Nokia
	NA
	Too early to comment on this comparison without knowing all the details related to handling of CEL change and cell level change scenarios. 
As per the current scope (without considering the changes required to handle additional scenarios) option 1 will require additional changes for 36.304 over the main changes required in RAN3 to include additional information for paging carrier selection ( common for both options)

	Sequans
	Likely Option 2
	It may be ab it early to conclusively say, especially regarding potential RAN3/CN impact.

However, seeing that most of the logic would be implementation based and that the signalling would likely be smaller as it will contain dedicated information, we think it is safe to assume Option 2 will have less standard impact compared to option 1, which would require to specify both the logic and the broadcast signalling covering multiple options.


Summary:
· 3 companies think that option 2 is simpler and has smaller specification impact

· 2 companies think that option 1 is simpler and has smaller specification impact 

· 2 companies think it is too early to comment.
· 1 company thinks the two options are equal.
There is no consensus on this aspect.

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

	ZTE
	Other cons for Option 2
	1. As mentioned in Question 1, the CEL-based paging carrier selection can be applied to avoid that maximum repetitions are used for sending paging message to UEs with different CELs. For Option 2, one important thing is unclear, e.g. whether the needed NPDCCH repetitions on the assigned paging carrier would be provided? We think yes. Maybe this issue is related to a more basic question, does the UE monitor the assigned carrier in CSS or USS? We think it should still be CSS (in order to avoid impacts on RAN1). If no such repetition number information for monitoring in CSS, the eNB may use more repetitions for sending paging message. That looks fine. But it’s also possible for the eNB to use less repetitions while UE may try to monitor more repetitions. That may cause unnecessary paging failure and UE power consumption. With this consideration, we think kind of configuration/mapping as that in Option 1 is also needed for Option 2.

2. There is additional fallback case for Option 2. As eNB doesn't care the previous assignment in last connection for a certain UE, and eNB is impossible to re-assign a paging carrier for an idle mode UE when updating SIB, there is a potential issue that the assigned paging carrier becomes unavailable for a UE after SIB update. In such case, the UE also needs to fallback.

	Qualcomm
	-
	Coverage based paging carrier selection needs to consider a long term radio condition. We don’t think coverage-based paging carrier selection is beneficial for mobile UEs because this will lead to (a) increased paging load and (b) increase paging latency.

	Nokia
	
	Additional impact to paging reception due to cell change and coverage level change and the consequence of this on increased paging retransmissions needs to be analysed for both options.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


3 Conclusion

This paper focused on coverage based paging carrier selection improvements. Corresponding observations and proposals are listed as follows:
Observation 1: There is no consensus on the coverage based carrier selection being restricted on last known cell.

Observation 2: The two options are equal regarding different power level on different paging carriers when selecting the paging carrier.

Observation 3: The two options are equal from load balancing perspective.

Observation 4: The two options are equal for the fallback scenario triggered by coverage changes.
Proposal 1: The power level on different paging carriers should be considered when selecting the paging carrier.

Proposal 2: When the coverage becomes worse, e.g. not possible for the UE to receive paging on the selected/configured carrier, the legacy mechanism is used to select paging carrier.
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