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1. Introduction 

RAN2 initiated the following offline:

:
· [AT113bis-e] [301][NBIOT/eMTC R17] NB-IoT Carrier Selection (Qualcomm)

Scope: Use R2-2103015 as a starting point. 

· How options 1 and 2 work in the 2 cases – same cell, cell change. 

· Metrics needed from UE. 

Intended outcome: Report in R2-2104450

Deadline: Monday 19 April 1200 UTC

This document is to capture the company views and provide summary on this email discussion.

2. How options 1 and 2 work in the 2 cases – same cell, cell change
2.1 Overview of the two options

The two options for coverage-based paging carrier selection are depicted in Figure 1. 
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Figure 1: The two options for coverage-based paging carrier selection
Note, with Option 1 a solution may require network to provide additional information during dedicated connection for UE to use when selecting coverage-based paging carrier.

Question 2.1.1: How is the paging carrier selection information signalled to the UE? 

	Company
	Option 1: Dedicated/broadcast/both
	Option 2: Dedicated/broadcast/both

	Huawei, HiSilicon
	unclear to us 
	Dedicated signalling to provide the information about the dedicated carrier, e.g. explicit configuration or a pointer to a carrier in system information

FFS if carrier details are signalled in dedicated signalling or broadcast signalling

	Spreadtrum
	The paging carrier related configuration for coverage-based paging carrier selection is signalled in the broadcast signalling.
The coverage level information is signalled in dedicated signalling.
	A dedicated signalling is used for providing the dedicated paging carrier related information. 

	MediaTek
	Agree with Spreadtrum. On top of it, the coverage level information has not to be defined as from network to UE. The network can estimate UE’s downlink channel quality by uplink, but this is not accurate enough, DL channel quality report on Msg3 was designed for the possible asymmetry DL-UL interference. It is possible for network to utilize the quality report result directly, but this feature is optional for UE, network may not rely on it. Therefore, a coverage level information report from UE to network could be considered. 
	Same as the comments in option 1, a coverage level information report from UE to network could also be considered.

	Sequans
	Paging carriers’ details are given in broadcast signalling.
The carriers could also be grouped.
UE-specific information for selection (e.g. Rmax) is given in dedicated signalling.
If grouped, selection could be randomized (e.g. based on UE_ID) within a selected group.
	Paging carriers’ details are possibly given in broadcast signalling.
The carriers could also be grouped.
Selected carrier / pointer to carrier in SI are given in dedicated signalling.
If grouped, selection could be randomized (e.g. based on UE_ID) within a selected group.

	Ericsson
	If for Option 1, signaling during RRC connected mode is optional, we are not clear how eNB and UE align paging carrier selection information. 
	Dedicated signaling will be used for paging carrier selection. 

When fall back happens, it can use either dedicated or broadcast signaling.

	ZTE
	The evaluated CEL/Rmax would be assigned to a UE via dedicated signalling. We don’t think it’s optional. We are open to discuss reporting coverage level information from UE.
In SIB message, carrier list per CEL/Rmax would be provided. For all the carriers in a carrier list corresponding to a certain CEL/Rmax, we assume they can have similar paging resources configuration (e.g., Rmax, nB) and carrier-specific DRX cycle value.

Here we give an example for such configuration in SIB:

Cell-1:

Rmax 1: carrier-1, carrier-2
Rmax 16: carrier-3, carrier-4
Rmax 64: carrier-5, carrier-6
There may be concerns about SIB size. Per our understanding, after we start to provide R17 carrier configuration, the R16 carriers can be reduced. Moreover, with delta configuration, the number of UL/DL carriers may be not big issue. 
	The evaluated paging carrier would be assigned to a UE via dedicated signalling. 

In order that UE can know how to receive paging on the assigned carrier, we think paging resources configuration and (carrier-specific) DRX cycle value for this assigned paging carrier also need to be provided, e.g., along with the assigned carrier via dedicated signalling. But it's obvious this way may cause confusion on CSS/USS search space and is very signalling inefficient. It almost cannot be agreed. Then we think that similar carrier list per CEL/Rmax as that in option 1 would also be needed for option 2, e.g., similar view as Sequans.


For the purpose of discussion in this section, the following definitions are used:

· Optimal paging carrier: A paging carrier that has Rmax just sufficient for UE to reliably decode the page.

· 
Just sufficient could be interpreted to mean Rmax is no more than 2x the number of repetitions required to reliably decode pages.

· Non-optimal paging carrier: A paging carrier that has Rmax higher than the Rmax for Optimal paging carrier.



2.2 Paging carrier selection upon coverage change
Once a UE starts to use the Optimal paging carrier (selected following Option 1 or Option 2) according to its coverage level then the UE behaviour needs to be defined for the case where the coverage level changes. Coverage level change could mean coverage level is better or worse than the coverage level when UE started to use Optimal paging carrier.

 Question 2.2.1: In the context of cover-based paging carrier selection, what is your understanding of coverage level change? 
	Company
	Option 1: Better/Worse/Both
	Option 2: Better/Worse/Both

	Nokia
	If the coverage level becomes better than coverage level at the time of connection release, UE will miss the paging on PO because network selects carrier based on last known coverage condition which will be different from UE. And this cannot converge even after paging escalation. This can be mitigated if the UE selects the carrier based on last known coverage level in this case.
Both options have issues for some coverage change scenario
	If coverage becomes worser at the time PO after connection release, this option will lead to missing of paging unless fallback mechanism to carrier with higher repetition level.
Both options have issues for some coverage change scenario

	Huawei, Hisilicon 
	Worse (Assuming the UE is using the ‘selected’ carrier). 
	same as option 1

	Spreadtrum
	When coverage becomes worse, since the UE have to select paging carrier based on the previously determined CEL, the UE might fail to decode paging message.
	A same issue should be considered as that in option 1.

	MediaTek
	Worse
	Worse

	Sequans
	Coverage level change must include the case when the coverage level becomes worse.

An optimization could consider the case when the coverage level becomes better, but that also has downsides (e.g. possible ping-ponging)
	Same as option 1

	Ericsson
	We should ensure there is no discrepancy between where UE monitors and where NW thinks UE is monitoring. Paging success rate KPI should not deteriorate. Fallback options need to be provided
	Same as Option 1

	ZTE
	UE’s coverage level may become better or worse (compared with the coverage level when RRC release).

If the coverage level become better, the UE using option 1 can still selects a carrier based on the last assigned CEL/Rmax. The eNB will do the same thing therefore the successful paging still can guaranteed. 

If the coverage level become worse, the following “fallback” processes can be considered. Alt1 is preferred:

· Alt1: UE can still select a carrier based on last assigned CEL/Rmax but try to monitor paging with more repetitions. Even eNB would send paging on the same carrier, as the paging would be sent with an inadequate repetitions, the first paging would be failed. Then in the next paging, the eNB can “fallback”, e.g., to maximum repetitions to send paging on the same carrier. The next paging can be successful. The possible CSS overlapping can be avoided by eNB scheduling.
· Alt2: UE fallback to legacy paging carrier selection scheme as soon as coverage become worse. The eNB also fallback to legacy paging carrier selection scheme after first time paging fails. Considering eNB may not clearly know the exact reason for the paging failure and whether UE fallback, in order to guarantee paging reliability, eNB implementation can send paging on both carrier based on last assigned CEL/Rmax and carrier from legacy scheme. 
	UE’s coverage level may become better or worse (compared with the coverage level when RRC release).

If the coverage level become better, if UE still use the last assigned carrier, the eNB will do the same thing and therefore the successful paging still can be guaranteed. Otherwise, e.g., if the UE changes to other carrier, it may cause paging lost.

If the coverage level become worse, we think the similar fallback processes can be applicable to option2, see below:

· Alt1: In our thinking, UE can also still use the last assign carrier but try to monitor paging with more repetitions. Even eNB would send paging on the same carrier, as the paging would be sent with an inadequate repetitions, the first paging would be failed. Then in the next paging, the eNB can “fallback” to maximum repetitions to send paging on the same carrier. The next paging can be successful. The possible CSS overlapping can be avoided by eNB scheduling.
· Alt2: UE also can fallback to legacy paging carrier selection scheme as soon as coverage become worse. The eNB also fallback to legacy paging carrier selection scheme after first time paging fails. Considering eNB may not clearly know the exact reason for the paging failure in the assigned carrier and whether UE fallback, eNB can also send paging on both assigned carrier and fallback carrier. 
· Alt3: The proponent company also mentions a solution, e.g., a fallbak carrier might be assigned to UE along with provision of the evaluated paging carrier. UE can use the fallback carrier as soon as CEL/Rmax become worse. After first time paging fails, the eNB also uses this fallback carrier. However, we think eNB has no way to decide/predict a suitable fallback carrier for a certain UE. So this alternative is not preferred or even infeasible.


Question 2.2.2: If UE is using Non-optimal paging carrier and the radio conditions become suitable for Optimal paging carrier then should the UE switch to using the Optimal paging carrier?

	Company
	Option 1: Yes/No
	Option 2: Yes/No

	Nokia
	No for same cell scenario. This will lead to mismatch in paging carrier selection of NW and UE for the same cell scenario.
Yes for cell change scenario. As the NW does not refer to last known coverage level it is possible for UE and NW to choose optimal carrier for paging in new cell.
	No.

	Huawei, Hisilicon 
	FFS: How does the UE determine that the candidate carrier has become suitable. Which metrics is used ?

The simplest option is that the UE remains on the fallback carrier.
	Same as option 1



	Spreadtrum
	No.

In order to keep a consistent understanding between UE and eNB, the UE should remain on the carrier based on the previous coverage level.
	No.

Same as option 1.

	MediaTek
	Yes. 
We had a work assumption that when coverage level changes, UE will not report the coverage level update. If UE fall back to the non-optimal paging carrier due to radio condition deteriorate and then the radio condition gets better, the network would has no idea about it, network would still has to send paging message on the optimal and non-optimal paging carrier, simultaneously or sequentially. If the UE can return to the optimal paging carrier when the radio condition gets better, the UE and network can still benefit from it.
	Yes, same as option 1.

	Sequans
	A-priori we think No, as this may result in ping-ponging which could lead to longer delays;
The UE should go to the fallback carrier when required and stay on it.
However, we are open to revisit this when the exact solution is clearer. 
	Same as option 1

	Ericsson
	We should ensure there is no discrepancy between where UE monitors and where NW thinks UE is monitoring. Paging success rate KPI should not deteriorate.
	Same as Option 1

	ZTE
	Yes. But we think we don’t need to discuss such complicated ping-pang change scenario.
As eNB cannot know the change of UE’s coverage level, eNB would always send paging on the “optimal carrier”, e.g., carrier selected based on assigned Rmax, unless paging fails. Therefore, if the UE's radio conditions become better before a certain PO, naturally UE should "switch to" using the “optimal carrier".
Specifically, our understanding is as following:

After UE is assigned a CEL/Rmax value during RRC connection release, in the following idle mode state, before each PO, UE can evaluate and decide whether its coverage level is changed. If not changed, UE can still selects paging carrier according to the assigned CEL/Rmax. If changed, UE can perform “fallback” process as mentioned in Question 2.2.1. The eNB can perform same “fallback” process after first time paging failed. 

But the UE and eNB’s process are kind of “one-shot” process, e.g., only applicable to this time paging transmission. We assume UE and eNB would not record whether and how to perform “fallback” process after this PO monitoring. In next time it receives S1 paging message, eNB still follows the CEL/Rmax value provided in the paging message to selects paging carrier. 

So in a summary, we don’t think there is a need of “returning to” the ‘candidate’ carrier, and therefore, no need of any metrics.
	Yes.

Same explanation as option 1.


The key point about defining mechanism for UE to switch to a Non-optimal paging carrier is because the UE cannot reliably decode paging messages using the Optimal paging carrier i.e. this paging carrier does not have sufficient repetitions and/or power level. Therefore, can UE determine from coverage level whether the UE should stop using the coverage-based paging carrier.
Question 2.2.3: How can UE determine from the coverage level whether the UE should switch to a different paging carrier?
	Company
	Option 1
	Option 2

	Nokia
	UE select paging carrier whose Rmax is closest to the estimated required number of repetitions. Depending on the coverage level the selected paging carrier also needs to be switched.
	Switching is not possible without definition of proper fallback mechanism. Legacy fallback mechanism will not work here.

	Huawei, Hisilicon
	If UE is on the selected carrier, it could be based on the estimated number of repetitions required to receive paging. If the number is larger than Rmax of the carrier, then the UE falls back.
If the UE is using the fallback carrier, there is no metric that will be applicable directly to the ‘candidate’ carrier. One possibility could be to use the RSRP measurement and associate it with the candidate carrier – How to do the mapping is FFS. Then upon switch/selection to/of the candidate carrier, the UE will have to check that it is suitable to receive paging. We do not think that using the expected number of repetitions on the fallback carrier helps as this measurement is carrier specific.
	Same as option1

	Spreadtrum
	When the coverage becomes worse or the required number of repetition is larger than the Rmax of the determined carrier, the UE needs to switch to a fallback carrier.
	Same as option 1.

	MediaTek
	Agree with Spreadtrum
	Same as option 1.

	Sequans
	Based on some coverage level or estimation of required number of estimations. 
This could be based on a specified rule or UE implementation.
	Same as option 1

	Ercisson
	Agree with Huawei. It may be complicated on how UE judge which the alternate fallback carrier is
	NW can provide either via broadcast or dedicated signalling which carrier can be fallback.

	ZTE
	We understand the main intention of this question is to discuss how the UE in idle mode determines that the coverage changes better or worse. And whether the assigned CEL/Rmax continue to be used.
This question is related to questions in section 3.
Per our understanding, UE can do coverage condition evaluation just before each PO. We don’t think the statistics during a long time before a PO or prediction for the time afterwards would be useful. Moreover, we think UE cannot directly detect paging channel quality before paging reception, so it may be not suitable to introduce a paging channel metric. Generally, we think UE can evaluate the suitability of the assigned Rmax based on reference signal power measurement. The detailed requirements can be left to UE implementation or maybe RAN4. 
	Same as option 1.
Moreover, for option 2, we think fallback carrier provision in broadcast or dedicated signalling is infeasible. 


Question 2.2.4:  Any other comments/suggestions to help decide between the two options?
	Company
	Comments

	Nokia
	For same CEL scenarios both options work well. For coverage change each option have drawback for some scenarios. Additional changes required on the basic method of carrier selection of both options to address these issues.

	Huawei, HiSilicon
	There is no fundamental difference on the above aspects

	Spreadtrum
	Both the two options have the same issue on coverage change. Other changes required should be furtherly considered to help make the decision between the two options. 

	Sequans
	Anything can be done with both options. Therefore, we should focus first on what we want to achieve rather than how. Then, based on the exact needs, one option may be found to be more efficient.

In general, we believe option 2 is better from specification complexity (but this may be affected by what exactly we want to achieve) and forward compatibility aspects.

	Ericsson
	The fundamental difference is: should large impacts be in UE or should it be in NW.
We think it is easier if NW implements.

	ZTE
	All the simplicity of option 2 is oral.

Option 2 has following additional disadvantages:

1. It almost cannot handle UE redistributions (or very inefficiently):  In option 1, this can be done by updating SIB. But in option 2, eNB assigns a certain carrier to some UEs via RRC release message. In the later stage, due to some reasons, eNB may want to remove this carrier from the list for a certain Rmax (e.g., eNB wants to redistribute the UEs on this carrier to other carrier(s)). The eNB can only do this in the next time RRC release (one by one UE...). What's worse is, as the UEs may connect to network very infrequently, it’s highly possible that eNB has no chance to perform such redistribution for the UEs. Meantime, if we assume option 2 also can update SIB to let UE know that the assigned carrier can no longer be used, the UEs on this carrier have to fallback to legacy paging selection scheme before it can be reassigned a new paging carrier (no R17 benefit).
2. It almost cannot be used in cell change case. See our comments in section 2.3.


2.3 Paging carrier selection upon cell change

For the case of cell change the following aspects must be considered:

1. Network cannot always know UE has changed cell i.e. UE has no need to trigger RRC connection, including EDT, after cell reselection.

2. Different cells could have different paging carrier configurations e.g. different cells have different number of paging carriers, different paging carrier parameters etc.

The mechanism defined for paging carrier selection upon cell reselection should aim to avoid the following:

A. 
Excessing use of radio resources i.e. paging UE on multiple carriers in the same cell either simultaneously or sequentially should be avoided.

B. 
Excessive delay to reach the UE reliably. If the solution could lead to long delay then core network may need to take this into consideration.
Question 2.3.1: How does both network and UE select paging carrier after cell reselection to a new cell? 

	Company
	Option 1:
	Option 2:

	Nokia
	UE:
When UE reselect new cell, it checks the Rmax value associated with all the carriers. If all Rmax values are same or the difference is only to manage the power level difference, UE can use paging carrier selection of Rel-16 mechanism.

If the Rmax value of some carriers are very low compared to the anchor carrier Rmax value which is baseline for maximum coverage, 

Based on its measurements UE estimate the required repetitions and select paging carrier(s) whose Rmax is closer to the estimated number of repetitions for the current coverage level.

NW:

When network sends the paging to cell other than last connected cell, it starts the paging on the carrier having lower number of Rmax. In case of no response NW can increase the repetition for paging then accordingly it can also choose another carrier suitable for the new value of repetition value.
If the NW intends to select carrier based on Rel-16 mechanism in new cell and intends to change the repetition within the same carrier without changing the paging carrier, NW can disable the coverage based carrier selection mechanism after cell reselection. 
NW can decide to enable/disable based on its paging strategy for paging escalation.
	Not applicable.  Option 2 is usable for cell change scenario if all the cells supports same set of carriers. Here also it will work only if the CEL does not degrade after cell change. 

	Huawei, HiSilicon
	Unclear for option 1 what is the information used by the UE and NW to decide a carrier. 

One option would be the fallback carrier (i.e. legacy mechanism).

An alternative option would be to use a ‘generic’ information negotiated between UE and eNB (e.g. ‘authorisation of good coverage carriers’) plus a broadcast information (e.g. list of good coverage carriers, all carriers being equivalent so there is only one possible choice on both sides). 

A combination of the two above.
We do not think that using a cell specific (e.g. RSRP or Rmax) negotiated in another cell is appropriate. 
	Fallback carrier (i.e. legacy mechanism)

	Spreadtrum
	When the UE moves to a new cell, it would evaluate its coverage level firstly.
If the current coverage level is better than or equal to the previous negotiated result, it would select the paging carrier based on the previous coverage level plus the broadcast paging carrier configuration in the new cell. Otherwise, it would select a fallback carrier.

The network would select the paging carrier based on the previous coverage level plus the broadcast paging carrier configuration. 

	Both the UE and the network would use a fallback paging carrier.

	MediaTek
	Agree with Spreadtrum. Additionally, the excessive use of radio resource and excessive delay to reach the UE reliably is inevitable due to the coverage level change scenario in the same cell. We should try to mitigate them in the multi-cell scenario. But the radio condition in the new cell tender to be as good as in the last cell for mobile UE in the most of time, the excessive use of radio resource and excessive delay to reach the UE would not be significant.
	Same like option 1, except a new mechanism should be defined to allow UE select a paging carrier after cell change.

	Sequans
	In principle it is possible that UE evaluates its coverage level based on the same mechanism as in the intra-cell scenario (Q 2.2.3) and selects either a carrier with the same related Rmax (based on SI) as on the previous cell or the fallback legacy mechanism.

However, here already the NW has to page to UE on twice as many carriers per cell as in the legacy mechanism. Add to that further reselections and that sounds really excessive. Limiting this mechanism, to a single reselection will complicate much for very little gain.
Notice this also adds load to the good coverage carriers, making this feature less effective for e.g. static UEs in the cell. So, there is a trade-off between optimizing this feature for (temporarily) static and mobile UEs. We think the latter should be the focus of this WI
	Similarly to option 1, if some SI information is available, the NW can indicate to the UE which (group of) carrier(s) to select (from) based on some self-estimation by the UE. 
Even without SI, the NW can give some clear parameters for selection. 
If nothing is applicable, UE goes to the fallback legacy mechanism.
This has the same downsides as option 1.

	Ericsson
	If the required Rmax in the new cell is smaller or equal to the Rmax in the previous cell, UE will be paged with no delay.

If the required Rmax in the new cell is larger to the Rmax in the previous cell, UE will switch to a new paging carrier with no notification to eNB, then UE cannot be paged at first paging attempt, eNB need to change to a new paging carrier with larger Rmax, finally the UE will be paged, but there will be some delays and paging resource waste.
	Fall back carrier should be used as per-Rel17.

	ZTE
	We should try to avoid mixing coverage change case and cell change case.
For option 1, as long as the UE’s coverage is not changed, the UE can keep using option 1 based on the previous determined coverage (in the old cell) and the broadcasted paging carrier configuration per CEL in the new cell. 
It’s easy to see the fallback process for option 1 in case of cell change would be very less than that for option 2. The main case is that coverage also changes in the new cell. With following reason, we think such case is also infrequent or rare:
· More UEs with mobility would be in outdoor and therefore maybe in general (or more of the cases), they can be always with normal/good coverage, no matter in which cell. E.g., even the radio condition after the cell change may be not exactly same as that in old cell, the previously assigned Rmax still might be good enough for successful paging reception. Moreover, if UE is an Enhanced Coverage Restricted UE, it has same CEL in all the cells. Therefore, we think it’s highly possible that UE’s coverage is not changed even cell is changed and UE can keep using option 1 in the case of cell change.


	Agree with Nokia that Option 2 is only usable for cell change scenario if all the cells supports same setting of carriers. Obviously such assumption is very less possible. 

As mentioned before, it’s almost impossible for UE to keep using option 2 in the case of cell change even the UE’s coverage is not changed, due to the following reasons:

· Sub-case 1: The assigned paging carrier is not available (not configured) in the new cell;

· Sub-case 2: Even the same carrier is configured in new cell, it’s also very likely the Rmax corresponding to this carrier in new cell is different from the CEL corresponding to it in old cell. As UE can know the assigned carrier exists in new cell but with different Rmax from its own Rmax, the UE would fallback. However, the new cell can only know the previously assigned carrier for this UE via S1 paging and also know this carrier is available in itself. Then new cell will keep using this carrier to send paging, obviously it will cause the first paging failure.
· Sub-case 3: 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.

Therefore, it’s highly possible for UE with option 2 needs to perform fallback process. 

For fallback carrier in option 2, we agree with HW that such fallback carrier can only be the carrier selected via legacy paging carrier selection scheme. 

We don't think it’s possible to assign a fallback carrier. As eNB cannot predict which cell the UE may move to in the future, it’s certainly infeasible for the eNB to assign a suitable fallback carrier for cell change case.


A UE using Optimal paging carrier in cell A reselects cell B and before UE establishes a RRC connection (including EDT) in cell B it returns to cell A. In that case how should UE select paging carrier upon returning to cell A
Question 2.3.2: How does UE select paging carrier after UE reselects back to a cell where it was using Optimal paging carrier?
	Company
	Option 1:
	Option 2:

	Nokia
	There is no difference between normal case and reselection back to same cell in this option. Because the paging carrier selection is based on latest coverage level.
	It is possible if the NW does not change the set of paging carriers and configuration of Rmax before UE return back to same cell.

	Huawei, HiSilicon
	yes if still suitable
	same as option 1

	Spreadtrum
	If the coverage does not become worse or the broadcast paging configuration does not change, there will be no difference.
	The assigned paging carrier can continue to be used.

	MediaTek
	Since the network has no idea about the cell change, UE should be allowed to select the optimal paging carrier if the radio condition is suitable.
	Same as option 1.

	Sequans
	This is similar to the intra-cell scenario (Q 2.2.2) so a-priori we think No, as this may result in ping-ponging which could lead to longer delays;
The UE should go to the fallback legacy carrier.

However, we are open to revisit this when the exact solution is clearer.
	Same as option 1

	Ericsson
	Agree with MediaTek
	Same a option1.

	ZTE
	There is no difference between normal case and reselection back to same cell in this option.
	There is no difference between normal case and reselection back to same cell in this option.


Question 2.3.3:  Any other comments/suggestions to help decide between the two options?
	Company
	Comments

	Nokia
	When cell is configured with carriers having different Rmax values, UE behaviour needs to be specified on how the UE will select subset of carriers for paging reception based on its current coverage condition in new cell.  This is required irrespective of the option chosen for same cell scenario.
Eventhough there are views that the solution need not work for cell change scenario.. the configuration of different Rmax values across carriers requires change in paging carrier selection irrespective of basic solution. This issue cannot be excluded from the scope of work.  Fallback to UE-ID based paging carrier selection will not work when carriers have different Rmax values.

	Huawei, HiSilicon
	Option 1 could allow to use the new scheme in another cell. However, so that the UE and eNB has only one possible choice this will require that all the new carriers are equivalent in term of ‘coverage’. It is also unclear how the eNB can decide that the UE is allowed to use the ‘good coverage carriers’ in another cell (potential inputs could be ‘coverage restricted UE’, ‘UE specific DRX’, stationary subscription info, some eNB observed information (only possible for the UP solution?) …).  Option1 requires a lot work to solve the details.

Option 2 allows carriers with different coverage (i.e. different Rmax). Option 2 is a lot easier to specify.

	Spreadtrum
	Option 1 is more flexible, and more UEs would benefit from the coverage based paging. Option 2 seems slightly unreasonable, since the coverage level would remain unchanged with a certain probability when the UE moves a new cell.

	MedaTek
	Option 1 is better for the cell change scenario.

	Ericsson
	Option 2 is more stable for cell change scenario, we cannot predict the probability of cell level changes when UE moves to a new cell.
We can also limit the feature to same cell case; in case of cell change then legacy means.

	ZTE
	Option 2 is almost infeasible in case of cell change and therefore Option 1 is better.


3. Metrics needed from UE 

Contribution [1] highlighted issues with using dedicated channel metrics or serving cell measurements to determine whether the paging carrier, from UE perspective, is optimal or not. Furthermore, paging carrier selection based on short term measurements could lead to reduced paging reliability and/or increased network resource usage.  
The overriding requirement is the UE should be able to decode paging message reliably, which is essentially what the current specifications support. To reduce UE power consumption, it is desirable for UE not to have to receive large number repetitions only to determine network did not send any paging message.
Question 3.1: Do you agree the paging channel metric is needed to determine suitability of the current paging carrier?
	Company
	Yes/No
	Comments

	Nokia
	No
	For CEL selection for RACH and RAR search space UE already uses RSRP measurements as criteria. RSRP threshold is used to select specific pool.
If the main intention is to support set of carriers for UE in normal coverage (equivalent to CEL-0) and other carriers for all the higher CEL, the mechanism used for CEL selection can be used. This may require RSRP threshold to be associated with carriers configured with lower number of Rmax.
Assuming the main purpose is to separate UE in normal coverage against the UE in extended coverage , the network may need to support only two values of Rmax across all the carriers. In such case simple mechanism of RSRP based measurements will be sufficient.

We don’t see need to have more granular Rmax value across different carriers which will require more accurate estimation of required repetition for paging reception. 

	Huawei, HiSilicon
	yes
	

	Spreadtrum
	No
	We think the paging carriers configured with the same CEL would be configured with the same Rmax value. The current RSRP measurement for the determination of CEL is sufficient for paging carrier selection and the paging reliability can be ensured.

	MediaTek
	No
	Agree with Nokia.

	Sequans
	Yes
	This is different from RACH and RAR as this procedure applies for a long period of time and conditions may change.

	ZTE
	No
	We discuss whether metrics from UE are needed in the different steps:
· For configuration in SIB, we can agree with Nokia that one of the objectives of CEL-based paging carrier selection is to differentiate paging messages for UE in normal coverage from all enhanced coverage cases. But even for enhanced coverage case, we assume the UEs in different coverage levels may need different repetition number for decoding NPDCCH. Therefore, we assume setting with multiple granular and smoothly increased Rmax is still needed. In order to simplify the related network configuration, we agree with Nokia that a few Rmax values, e.g., 3 or 4, will be sufficient (one thing can be noticed that, theoretically such Rmax setting can be different from RSRP threshold values setting as they are for different aspects, one for RACH and the other is for paging).

· For assignment in dedicated signalling, the evaluated CEL/Rmax (in option 1) or evaluated paging carrier (in option 2) is decided during last time RRC connection. The eNB can take more metrics to evaluate this CEL/Rmax or paging carrier. There are much discussion for this before. For this step, we are open to discuss whether some information can be reported by UE in connected mode in order to assist eNB to achieve a more suitable evaluated CEL/Rmax.

· The last issue is that how the UE in idle mode determines that the coverage changes better or worse. And whether the assigned CEL/Rmax can continue to be used. This has been discussed in Question 2.2.3. As mentioned in Question 2.2.3, we think UE can evaluate the suitability of the assigned Rmax based on reference signal power measurement. The detailed requirements can be left to UE implementation or maybe RAN4.


Question 3.2: If the answer to question 3.1 is No, then provide your view on how the UE determine whether the selected paging carrier provides sufficient reliability?

	Company
	Answer

	Nokia
	As per the UE distribution across different coverage levels referred in many simulations more than 90% of the UE in cell are expected to be in good coverage condition which is equivalent to CEL-0. Only 10% UE may be distributed across further coverage ranges or RSRP values.  Primary objective of the work item is to differentiate paging messages for UE in normal coverage from all extended coverage cases, only 2  Rmax values will be sufficient or it could be 3. With these Rmax values sufficiently separated decision based on RSRP measurements will be sufficient.

	Spreadtrum
	The CEL is determined by the measured RSRP and the configured RSRP threshold of each CEL. And, if the paging carrier is configured based on the CEL associated with the corresponding Rmax value, the selected paging carrier would ensure its sufficient reliability.

	ZTE
	UE can evaluate the suitability of the assigned Rmax based on reference signal power measurement. The detailed requirements can be left to UE implementation or maybe RAN4.


Question 3.3: If the answer to question 3.1 is No, then provide your view on how the UE determine whether the selected paging carrier is optimal? For definition of optimal paging carrier see section 2.

	Company
	Answer

	
	

	
	


Question 3.4: If the answer to question 3.1 is Yes, then should this metric be the number of repetitions UE required to decode the page?

	Company
	Yes/No
	Comments

	Sequans
	Probably at least partially
	This sounds like a good candidate, but it may not be suitable for seldomly-paged UEs

	
	
	


Question 3.5: If the answer to question 3.4 is No, then state details of other metrics?

	Company
	Alternative metric details.

	
	

	
	


Question 3.6: If the answer to question 3.4 is Yes, then should the UE gather paging channel metrics (e.g. the number of repetitions required to decode each page) over a period of time e.g. 24 hours?

	Company
	Yes/No
	Comments

	Huawei, HiSilicon 
	FFS
	Need discussion. Probably need an average on a number of samples. One question is what the UE does if it has not acquired enough samples yet.

	Sequans
	probably
	


The paging channel metrics UE can easily gather over a period are:

· Minimum number of repetitions required to decode a page (Min)

· Maximum number of repetitions required to decode a page (Max)

· Average number of repetitions required to decode a page (Ave)

· No of paging occasions UE failed decode (Fail)

Question 3.7: If the answer to question 3.6 is Yes, then should the UE compute the minimum, maximum, average number of repetitions required to decode pages as well as number of pages it failed to decode over the metric gathering period e.g. 24 hours? Your response could be one or more from the choice list.
	Company
	Min,  Max, Ave, Failed
	Comments

	Sequans
	FFS
	Unclear how failed can be defined.

	
	
	


Question 3.8:  Any other comments?
	Company
	Comments

	Huawei, HiSilicon
	What metrics are used to return to the ‘candidate’ carrier when the UE is using the fallback carrier (if this is supported)?

	ZTE
	To answer HW’s question, see our following comments in Question 2.2.2:
After UE is assigned a CEL/Rmax value during RRC connection release, in the following idle mode state, before each PO, UE can evaluate and decide whether its coverage level is changed. If not changed, UE can still selects paging carrier according to the assigned CEL/Rmax. If changed, UE can perform “fallback” process as mentioned in Question 2.2.1. The eNB can perform same “fallback” process after first time paging failed. 

But the UE and eNB’s process are kind of “one-shot” process, e.g., only applicable to this time paging. We assume UE and eNB would not record whether and how to perform “fallback” process after this PO monitoring. In next time it receives S1 paging message, eNB still follows the CEL/Rmax value provided in the paging message to selects paging carrier. 

So in a summary, we don’t think there is a need of “returning to” the ‘candidate’ carrier, and therefore, no need of any metrics.


4. Conclusion

TBD
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��If there is no information provided by the eNB, then we do not understand how option 1 works except if there is only one possible choice by the UE. so we have added an additional question


�We do not think that these definitions are useful, they do not fit with the two solutions





We think ‘selected/candidate carrier’ and ‘fallback carrier’ would be more appropriate





�Agreed. For example, upon fallback, the fallback carrier becomes the optimal paging carrier, so this terminology seems confusing in some cases here (though admittedly useful is others)


�We have similar view as HW
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