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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

	
	
	


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


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




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


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


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)

	
	
	


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

	
	
	


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.

	
	


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
	


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.

	
	


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

	
	
	

	
	
	


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.

	
	
	


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

	
	
	

	
	
	


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)?

	
	


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
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