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1 Introduction

At RAN#80, the Rel-16 work item on additional enhancements for NB-IoT was approved [1]. One of the objectives in this work item is to specify power efficient mechanism that would assist inter RAT cell selection for NB-IoT to and from LTE, LTE-MTC and GERAN.
Discussion on this topic was started in RAN2-103bis and the progress of the topic in terms of RAN2 agreements in various meetings until RAN2-106 are summarised below.
RAN2#103bis agreements:

· RAN2 understands that cell reselection between NB-IoT and any other RAT is not within the scope of this WI

· NB-IoT network may indicate eMTC/LTE/GERAN assistance information for inter-RAT cell selection

· eMTC/LTE network may indicate NB-IoT assistance information for inter-RAT cell selection

· Intention is not to provide cell reselection parameters 

· It is up to UE implementation how and when to perform measurements for cell selection of the target RAT

RAN2#104 agreements:

· NB-IoT network may indicate frequency identifiers of neighbouring eMTC/LTE/GERAN carriers to assist inter-RAT selection.

· eMTC/LTE network may indicate frequency identifiers of neighbouring NB-IoT carriers to assist inter-RAT selection.

· Indicate whether each LTE neighbour frequency supports eMTC/LTE/both. 

· Indicate whether each GERAN neighbour frequency supports EC-GSM/PEO.
RAN2#105 agreements:

· Priorities of eMTC/LTE/GERAN frequencies are not provided by NB-IoT network as assistance information for inter-RAT cell selection.

· Priorities of NB-IoT frequencies are not provided by eMTC/LTE network as assistance information for inter-RAT cell selection.

· Suitability criteria of eMTC/LTE/GERAN frequencies are not provided by NB-IoT network as assistance information for inter-RAT cell selection.

· Suitability criteria of NB-IoT frequencies are not provided by eMTC/LTE network as assistance information for inter-RAT cell selection.

RAN2#105bis to RAN2#106 agreements: None.
To further progress on the stage 3 aspects for IRAT cell selection assistance information following e-mail discussion was agreed in RAN2-106.

[106#63][R16 NB-IoT]  Discussion of signalling aspects for inter-RAT cell selection assistance. (Nokia) 

      Intended outcome: Stage 3 TP for running CR.

      Deadline:  Thursday 2019-08-08

2 Discussion
Based on the agreements of earlier RAN2 meetings on this topic, indication of following information from the network to UE can be considered as minimum information for IRAT cell selection assistance information for UE which supports NB-IoT and at least one of LTE/eMTC/GERAN as other RAT for its idle mode operation.
From NB-IoT network

· List of EARFCN of neighbour LTE carriers along with indication that whether the carrier also supports eMTC or not.
· List of EARFCN of neighbour LTE carriers which only support eMTC.

· List of ARFCN of neighbour GERAN carriers along with indication that whether the carrier supports EC-GSM/PEO operation.

From LTE network
· List of EARFCN of neighbour NB-IoT carriers.
Discussion Point 0: Above parameters should be considered as the basis for IRAT cell selection assistance information at NB-IoT and LTE network. These parameters are based on the RAN2 agreements until RAN2-106. Companies are requested to provide their views if there is update required on the above list. Companies can skip updating this table if they think the above list is sufficient for basic IRAT cell selection assistance information.
Table 0: Updates needed for reference list of parameters for IRAT cell selection assistance.
	Company
	Comment

	
	


Discussion Point 1: The signalling for indicating the above IRAT cell selection assistance information from the network was not explicitly agreed in RAN2. As this information is related to idle mode operation, inclusion of above information in the system information should be considered as the signalling mechanism. Companies to provide their views on whether they agree for system information as the signalling mechanism to provide IRAT cell selection information. If companies thinks that other signalling methods also to be considered they can add details of the other method in the bellow table.

Table 1: Indication of IRAT cell selection assistance information in System information messages
	Company
	Comment

	QC
	SIB signaling

	Huawei, HiSilicon
	SIB signalling only.

	Ericsson
	SIB Signaling with a new SIB type

	Sequans
	SIB signaling with a new SIB type

	ZTE
	SIB signaling with a new SIB type

	LG
	SIB signalling

	Nokia
	SIB Signalling


Summary:

Views of all the 7 companies responded to this discussion point is unanimous that SIB signalling should be used for providing IRAT cell selection assistance information. 
Discussion Point 2: In case of signalling of LTE carriers from NB-IoT cell for inband and guardband deployments, the LTE-ARFCN corresponds to the inband /guard-band deployment can be indicated as PRB offset from the NB-IoT carrier instead of the EARFCN number. Companies can provide their views on providing the reference LTE EARFCN for inband/guard band deployment as PRB offset.
Table 2: Indication of LTE-ARFCN as PRB-offset from NB-IoT carrier for Inband/Guardband deployments
	Company
	Comment

	QC
	LTE EARFCN is sufficient instead of PRB offset. Otherwise, we will have different formats for intra freq and inter freq scenarios. 

	Huawei, HiSilicon
	For the LTE carrier corresponding to the NB-IoT cell, we agree that signalling the PRB offset is sufficient. However, for other neighbour LTE carriers, we will have to indicate the EARFCN so the benefit is very small (at most for one carrier) and may not be worth the additional signalling complexity.

	Ericsson
	Agree with QC

	Sequans
	With regards HW comment, this can also be used from other known NB-IoT frequencies, such as NB-IoT inter-freq.
So, it is not limited to 1 carrier.
LTE EARFCN is 18 bits, so we think it is worth it.

	ZTE
	We tend to agree with QC and Huawei as we also don’t want additional signalling complexity.

	LG
	Agree with QC

	Nokia
	We think it is worth to consider the PRB offset for LTE-ARFCN at least for the inband carrier.


Discussion Point 3: In case of signalling of NB-IoT carriers for inband/guardband deployments, one or more NB-IoT EARFCNs can be indicated as PRB index with respect to the LTE-EARFCN instead of explicit EARFCN values. Companies can provide theirs views on possible realisation of the shortened indication of NB-IOT neighbouring frequencies for inband/guardband deployments.

Table 3: Shortened Indication of NB-IoT-EARFCN in LTE for Inband/Guardband deployments. 
	Company
	Comment

	QC
	NB-IoT can also be deployed in standalone mode hence it makes sense to have common signalling for NB-IoT inband, guardband and standalone modes. It is proposed to provide full NB-IoT EARFCN together with indication whether it is inband, guardband or standalone mode.

	Huawei, HiSilicon
	For the NB-IoT carrier corresponding to the LTE cell, we agree that signalling the PRB offset is sufficient. However, for other neighbour NB-IoT carriers, we will have to indicate the EARFCN so the benefit is very small (at most for one carrier) and may not be worth the additional signalling complexity.

	Ericsson
	May be we can decide this later when we have a detailed ASN.1 to see and compare how many bits we can save with the shortened version

	Sequans
	Regarding QC comment: this is not how NB-IoT was implemented in Rel-13. MIB signaling is different and optimized for the 3 different modes. So, on the contrary, it would make sense to follow the same way and optimize when possible.
NB-IoT EARFCN is 23 bits.
In case of deployment with same PCI, the UE already knows the LTE frequency corresponding to its NB-IoT cell => that’s 22 bits overhead. 
The signaling should be designed to not broadcast redundant information.

	ZTE
	We tend to agree with QC and Huawei as we also don’t want additional signalling complexity.

	Nokia
	We think it is worth consider the short indication of NB-IOT EARFCN as PRB index for inband deployments.


Summary for Discussion Point 2 and 3 :

5 companies thinks that simple EARFCN list indication is sufficient. 2 companies think that if applicable and possible the shortened indication of the frequency list also needs to be supported. 

Discussion Point 4: For UE capable of NB-IoT and GERAN RATs, in case the UE is camped on GERAN RAT whether explicit signalling of NB-IoT carriers are needed in GERAN RAT as IRAT cell selection information or the UE should consider the stored EARFCN list for this purpose was not concluded in RAN2. Companies are requested to provide their views on the need for indicating IRAT cell selection assistance information for NB-IoT from GERAN RAT in the below table.
Table 4: IRAT cell selection Assistance information from GERAN RAT. 
	Company
	Comment

	QC
	The need and details for providing NB-IoT carrier information in GERAN SIB should be discussed in RAN6. RAN2 can send LS to RAN6 and let RAN6 take this decision.

	Huawei, HiSilicon
	No change to GERAN specification which is a system no longer evolving. UE can rely on stored information or information provision on the USIM

	Ericsson
	Yes RAN6 can take the decision, though it would be good to have some sort of uniform solution for GERAN to NB-IoT/LTE-M etc; i.e similar solution as from NB-IoT to GERAN. Basically a new SIB with other RATs EARFCNs.

	ZTE
	Agree with QC.

	LG
	It is ok to send an LS to RAN6 to make decision, though we don’t want to change GERAN specification.

	Nokia
	RAN6 should take the decision on whether assistance information is needed from GERAN RAT or not.


Summary for Discussion Point 2 and 3 :

6 companies think that inclusion of IRAT cell selection assistance information from GERAN should be decided at RAN6. These companies agree to send LS to RAN6 to let RAN6 take decision on this functionality. One company prefers not to have specification changes for GERAN specification and alternative mechanisms can be used.

Discussion Point 5: The UE capable of multi-RAT operations including NB-IoT as one of the RAT, may attempt for blind search for IRAT cells in case if the system information in the current serving cell does not include any IRAT assistance information. But there could be deployments of NB-IoT cells which does not have any other RAT neighbour carriers. In such cases, if the UE attempt for blind search of IRAT cells whenever it is triggered for service based IRAT cell selection the cell search may not be successful at least for current PLMN. 
In these deployments it is preferred to explicitly indicate that for given IRAT, there is no valid neighbouring frequencies for the serving cell. This explicit indication also means that if the UE attempt for IRAT cell selection for the given RAT, it may not result in successful cell selection. The UE can avoid the IRAT cell search in this case if it is triggered for service-based cell selection when the serving RAT radio condition is very good already. Companies are requested to provide their view on having explicit indication for such scenario via empty-list or other means.
Table 5: Explicit Indication for “no-neighbouring-frequencies-for-IRAT”. 
	Company
	Comment

	QC
	This may be useful for Home PLMN Ues. For this to be effective, existing network needs to include signalling to say I have no NB-IoT neighbours, and/or no LTE neighbours, and/or no GERAN neighbours and/or no eMTC neighbours.
A roaming UE would not limit search for service on the other supported RATs on other PLMNs. We think optimisation for home PLMN camping and searching for service on other RATs when IRAT assistance information is provided can be left to implementation.

	Huawei, HiSilicon
	No strong opinion. We can have an indication in system information, e.g. SIB3

	Ericsson
	If the new SIB for Inter-RAT assistance is not present, UE can also assume that there is no point in performing blind search. So, as such explicit indication may not be required.

	Sequans
	From a UE perspective, providing some indication such as empty list could be very beneficial and help to prevent power waste. if there is no Inter-RAT assistance at all it could be interpreted either as:

1) “IRAT assistance information signalling is not supported” or as 

2) “IRAT assistance information is available” 

the two different interpretations result in completely opposite UE behaviour. If there IRAT assistance information signalling is not supported, there is still a chance that there is available IRAT and the UE will search for it. Moreover, the UE cannot know if at some point in time IRAT becomes available and therefore even the Geo-Static UE would select to repeatedly search for IRAT.
However, if the UE knows that IRAT assistance information signalling is supported but it is not available, the UE can postpone the IRAT cell search until such assistance information becomes available.

	ZTE
	We have same understanding as Ericsson. 

If UE still wants to perform blind search, e.g, triggered by some services, it can be left to UE implementation.

	LG
	Agree with Ericsson

	Nokia
	This indication will be useful to avoid IRAT cell selection triggered based on service request.


Summary:

3 companies think that system information providing information about whether the serving cell does not have any valid IRAT neighbours will be beneficial at UE to decide on IRAT cell selection for some scenarios. 3 companies thinks that absence of IRAT cell selection information can be used for this purpose. 1 companies expressed neutral view but states that this information can be included in SIB.

Discussion Point 6: Within each neighouring EARFCN of LTE/eMTC/NB-IoT (GERAN does not have PCI), including additional information to differentiate specific cells in terms of PCI may be beneficial for some scenarios. For example, inclusion of PCI corresponds to co-located cell for IRAT neighbour frequency will be beneficial at the UE when it triggers the IRAT cell selection in idle mode for service based cell selection where the current serving cell is already in good radio condition. In such cases, the UE may prioritise camping onto the given PCI which will reduce the step of PCI identification during cell selection process. Companies can provide their views in the below table on the need for having PCI-list within neighbouring ARFCN with additional indications.
Table 6: Inclusion of PCI/Cell-list within neighbouring ARFCN for IRAT cell selection assistance
	Company
	Comment

	QC
	No need. PCI list can become exhaustive depending on deployment scenario and causes lot of overhead and hassle for configuration. UE can find any PCI easily once UE knows neighbor IRAT EARFCN list.

	Huawei, HiSilicon
	No. This will require co-ordination between the RAT that was excluded by the operators. Also, it will add significant signalling overhead.

	Ericsson
	Agree with QC.

	Sequans
	Agree that advertising a full PCI list is not justified.
However, it would be beneficial to signal if a new cell is added to the surrounding deployment e.g. by changing the SI value tag without changing the content of the SI message. The benefit can be explained in a similar way to our explanation in discussion point 5. 

The UE, with preference to be served by IRAT but not being able to be served by the discovered IRAT PCIs e.g. due to low received power will select to periodically search for new PCIs in hope that a newly deployed Cell would be able to serve it. 
If the UE could rely on indication of such new deployment, it would be able to halt the IRAT cell search until such indication is provided and prevent power waste.

	ZTE
	Agree with QC and Huawei.

	LG
	Agree with QC and Huawei

	Nokia
	Agree with QC


Summary : The common view across all the companies replied to this discussion point is that the PCI list information is not needed in IRAT cell selection information.

Discussion Point 7: In case if inclusion of IRAT cell selection information in system information is agreed as way forward, whether this information should be considered as separate system information block or should it be considered to be included in one of the existing system information should be finalised. Companies are requested to provide their views on having new system information message for IRAT cell selection assistance information in the below tables for NB-IoT and LTE.

Table 7: Dedicated System Information for IRAT cell selection assistance information in NB-IoT
	Company
	Comment

	QC
	Dedicated SIB for Inter RAT frequency list is best so that UEs that don’t support IRAT between NB-IoT and LTE/eMTC/GERAN do not need to read this SIB. Furthermore, in NB-IoT there is a limit on the size of SIB message hence want to keep the available space for future crucial NB-IoT features.

	Huawei, HiSilicon
	Separate system information blocks. One SIB per neighbour RAT (one for E-UTRAN and one for GERAN).

This is what has been done in legacy systems, it avoids UEs not supporting a technology to be impacted.

	Ericsson
	Agree with QC

	Sequans
	Agree with QC, furthermore, the desired advertising periodicity of the IRAT assistance information could be lower and this could be achieved only with a new SIB (contained in another SI message)

	ZTE
	Agree with QC

	Ericsson
	Agree with QC

	Nokia
	Dedicated system information is preferred


Table 8: Dedicated System Information for IRAT cell selection assistance information in LTE
	Company
	Comment

	QC
	Prefer to keep same approach across different RATs.

	Huawei, HiSilicon
	One separate system information block. 

This is what has been done in legacy systems, it avoids UEs not supporting a technology to be impacted.

	Ericsson
	Agree with QC

	Sequans
	Agree with QC

	ZTE
	Agree with QC

	LG
	Agree with QC

	Nokia
	Same answer as Table 7.


Summary for Discussion Point 7 and 8 : The common agreement : Dedicated system information for IRAT cell selection assistance information in NB-IoT and LTE.

Discussion Point 8: In additional to the basic information for IRAT cell selection assistance information, depending on UE capability for specific power saving feature support, the network may provide additional information related to these features via dedicated signalling. This information will be applicable only until the UE is camped onto the current serving cell. Companies are requested to provide their views on including additional information for IRAT cell selection assistance via dedicated signalling messages.

Table 9: Additional IRAT cell selection assistance information in dedicated signalling
	Company
	Comment

	QC
	For providing cell selection assistance information in dedicated mode requires UE to signal it’s capability for handling such information. As not use case has been identified we don’t see the need to complicate this feature with UE capability signaling and dedicated signaling.

	Huawei, HiSilicon
	No dedicated signalling.

	Ericsson
	Agree with QC

	Sequans
	Agree with QC

	ZTE
	No dedicated signalling.

	LG
	Agree with QC

	Nokia
	Agree with QC on the need for additional UE capability. So not required to have additional information via dedicated signaling.


Summary for Discussion Point 9 : The common view : No dedicated signalling for IRAT cell selection assistance information.

Discussion Point 9: In case of LTE operation, for CSFB the RRC connection release message will indicate the additional information for redirection assistance for the UE to select suitable cell in another RAT except NB-IoT. For UE capable of NB-IoT and LTE as multiple RAT, whether any specific scenario where such additional information as part of RRC connection release will be beneficial to redirect the UE to suitable cell in another RAT. Companies can provide their views need for including redirection information for other RAT in RRC connection release for IRAT cell selection assistance.
Table 10: Inclusion of Redirection Information in RRC Connection release for IRAT cell selection assistance
	Company
	Comment

	QC
	UE operating in NB-IoT will only signal it’s NB-IoT capability. Therefore, network does not know if UE supports any other RAT hence network cannot redirect UE to any other RAT. UE operating in LTE/eMTC/GERAN does not signal that it supports NB-IoT hence network cannot use redirection to move UE from LTE/eMTC/GERAN to NB-IoT.

	Huawei, HiSilicon
	No, This is outside the scope of the WID. We have agreed that mobility to another RAT was up to the UE. 

	Ericsson
	Redirection is a separate feature, and this may not be part of the current WID.

	ZTE
	Agree with above comments.

	LG
	No need.

	Nokia
	Agree with above comments


Summary: The common view across all the companies : No dedicated signalling for IRAT cell selection assistance information.

Discussion Point 10: Companies can provide their views on any other aspects which was not covered in the above discussion points in the below table.

Table 10: Other Aspects
	Company
	Comment

	Huawei, HiSilicon
	Support optional at the UE, without capability reporting

	Sequans
	It would be beneficial to signal if a new cell is added to the surrounding deployment e.g. by changing the SI value tag without changing the content of the SI message.
Benefit is explained in our response to discussion point 6 as well as in R2-1906245 (To be resubmitted to RAN2#107)
We also propose to add PCI to LTE inter-RAT carrier information (or just 1 bit in case same PCI), to indicate the corresponding Cat-M cell is synchronized with the NB-IoT cell and may be used for resync (e.g., the UE in NB-IoT mode could then use RSS signal from the collocated CatM cell). See R2-1907119.


Summary: No common view on the other aspects.

3 Summary 

Based on the response received from multiple companies on the above discussion points, the following proposals can be considered for potential agreement.
For IRAT cell selection assistance information at NB-IoT serving cell

Proposal 1: IRAT cell selection assistance information contains 2 lists of EARFCN with first list containing the LTE EARFCN list along with additional indication for support of eMTC. Second list contains the ERFCN of eMTC only carrier.
Proposal 2: IRAT cell selection assistance information also contains another list of ARFCN of GERAN carriers with additional indication on support of EC-GSM/PEO operation.

Proposal 3: New System Information message should be defined for IRAT cell selection assistance information containing the parameters agreed in the above proposal.
Proposal 4: New system information should also include single bit indication that no IRAT neighbours configured for the serving cell.

For IRAT cell selection assistance information at LTE serving cell for NB-IoT EARFCN

Proposal 1: IRAT cell selection assistance information contains lists of EARFCN of NB-IoT carriers.

Proposal 2: New system information type is defined for IRAT cell selection assistance information.

Proposal 3: New system information should also include single bit indication that no IRAT neighbours configured for the serving cell.

On the IRAT cell selection assistance information at GERAN

Proposal 1: RAN2 to send LS to RAN6 to further discuss on providing IRAT cell selection assistance information for NB-IoT at GERAN system.

Further online discussion is required to conclude on the following proposals
Proposal 1: For inband/guard band deployments, the LTE EARFCN information can be provided as PRB offset at NB-IoT serving cell.

Proposal 2: For inband/guard band deployments, the NB-IoT EARFCN information can be provided as PRB index within LTE system bandwidth
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