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During the RAN2#104 meeting, RAN2 had online discussion about R-16 NB-IoT inter-RAT cell selection. RAN2 made the following agreements (mainly about assistance information).
	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.
[bookmark: _Toc527988866][bookmark: _Toc527989186][bookmark: _Toc528671086]Indicate whether each LTE neighbour frequency supports eMTC/LTE/both 
[bookmark: _Toc527988867][bookmark: _Toc527989187][bookmark: _Toc528671087]Indicate whether each GERAN neighbour frequency supports EC-GSM/PEO 


To progress for further details, RAN2 also set up the following email discussion:
	[104#47][NB-IoT R16]  Inter-RAT cell selection (Mediatek)
Whether priority and/or suitability criteria can be broadcast. 
	How the assistance information is signalled.
	Intended outcome: email discussion report
	Deadline: Thursday 2019-02-07


In this email discussion, we invite companies to share their views on further details about inter-RAT cell selection in NB-IoT.
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Priority as assistance information
In LTE, inter-RAT cell reselection is based on pre-configured priorities. The UE behaviour can be summarized as follows. 
· Higher priority inter-RAT cell: Cell reselection to a cell on a higher priority inter-RAT frequency than the serving frequency shall be performed if a cell of a higher priority RAT fulfils S > ThreshX, High during a time interval TreselectionRAT, and more than 1 second has elapsed since the UE camped on the current serving cell. Here the ‘S’ can be Srxlev or Squal, with threshold being based on RSRP or RSRQ, respectively.
· Lower priority inter-RAT cell: If serving cell S < ThreshServing, Low, cell reselection to a cell on a lower priority inter-RAT frequency than the serving frequency shall be performed if a cell of a lower priority RAT fulfils S > ThreshX, Low during a time interval TreselectionRAT, and more than 1 second has elapsed since the UE camped on the current serving cell.
For NB-IoT, we have agreed that inter-RAT cell reselection is not supported. Therefore, even if priorities are provided, the UE behaviour of inter-RAT cell selection based on such assistance information may need to be further discussed.
Regarding priority as assistance information for inter-RAT cell selection, we invite companies to answer the following questions.
The first issue is to confirm whether priority is provided as assistance information.
Q1: Should priorities of eMTC/LTE/GERAN frequencies be provided by NB-IoT network as assistance information for inter-RAT cell selection? 
	Company name
	Comments

	Ericsson
	It should be noted that NB-IoT devices are different than the normal mobile handsets. Enterprise customers may lease the devices and they may prefer to change the initial carrier priority configuration. They would like to provide information as which RAT the device should prioritize while performing RAT selection. The enterprise customers should have the choice to indicate their preference. The priority in this case should not be treated like the priority that is used for cell reselection. The preference setting for cell selection is not to provide any measurements criteria or thresholds etc. but a preference indication from the Operator. The preference may be considered as a guideline of which RATs to search before others (e.g. NB-IoT first, then eMTC, and then GSM)

	QC
	NO.
NB-IoT can be supported by both IoT devices and smart phones. Based on type of applications supported and based on type of device, different UEs will have different RAT priorities as function of application requirements. If an Operator configures a RAT priority, the same priority is not applicable for different type of UEs and different applications. This is unnecessary information. We propose RAT priority should be UE implementation based and NW should not broadcast any RAT priority for Cell Selection based Idle Mode Inter RAT Mobility.


	Huawei, HiSilicon 
	No. 
Providing priorities will contradict the applicability of the assistance information to cell selection (where the UE can select any cell which is suitable, e.g. based on stored information) and the RAN2 agreements that it is up to the UE how to use the assistance information. Once the UE has selected a carrier/cell in the other RAT, it will apply the cell reselection rules in this RAT

	ZTE
	Yes.
We propose RAT/frequency priorities of eMTC/LTE/GERAN should be provided by NB-IoT network as assistance information for inter-RAT cell selection.

Firstly, we assume many multi-mode IoT devices would support various applications. It would be difficult for a multi-mode device in RRC_IDLE to select a suitable RAT only based on application or service requirements as it may not know what service would be triggered at all at the initialization stage or out of coverage status. Therefore, we understand the main purpose of inter-RAT cell selection priority information would be to help UE perform less evaluation as possible as it can in the cell selection stage and find a general good (e.g., high radio quality and light load) cell to camp. 

Secondly, we think no matter whether or not inter-RAT priority parameters are broadcasted, the UE may internally maintain a “priority” kind of parameter to optimize inter-RAT cell evaluation/selection. It’s obvious that UE’s internal “priority” information is kind of statistic and lack of network side information, e.g., network coverage, network load status, service preference from operator policy, or even network operation status. Even RAN2 has agreed to provide frequency identifiers list of neighbouring RAT/carriers to assist inter-RAT selection, such information can only indicate the existence of these RAT/carriers but cannot give much detailed information. The following are some examples to show why network side information are important and what’s the problem if such information is missing:
· From network coverage quality perspective, the coverage conditions of different RATs or different frequencies in a RAT may be (very) different. In order to provide assistance for all the devices in different locations, the network may broadcast as many RATs or frequencies candidates as possible, but the coverage of some of these candidates may be not so good. If no inter-RAT priority information is provided, the UE may measure/evaluate all the broadcasted candidates and cause high power consumption. On the other hand, if network could mark some good RATs or frequencies with high priorities, devices may narrow down the candidates for initial evaluation. Only when the UE cannot find a suitable cell to camp, the UE may further evaluate other RATs or frequencies with lower priorities. 
· From network coverage continuity perspective, different RAT or frequencies may provide different coverage continuity. If a device with middle or high mobility cannot know this and just select a strongest cell for initial camp, it may be possible for this device to lose the coverage during later movement as this RAT/frequency may have discontinuous coverage or coverage holes. On the other hand, if the network could mark some RATs or frequencies with complete coverage with high priorities, such bad issue may be avoided.
· From network load perspective, as mentioned in the first bullet, network may provide as many as possible cells information to UE. Even a RAT/frequency/cell has middle/high load, it still can exist in the inter-RAT information list as it may be the only one that can be detected by some UEs. But in the worst case, the chosen strongest RAT/frequency by a UE may be also with highest load, the UE would finally fail to access it and cause unnecessary power consumption. In such case, it may be more suitable for the UE to select a RAT/frequency that is not with the best quality but has a lower load. The inter-RAT priority can help the UE to do this.
· From service preference perspective, we assume some multi-mode devices would support voice service. Different operators may have different preferences for which technology to be used for voice services based on the service maturity. For example, some operators may prefer GERAN, others may prefer LTE. Operators may want mechanism to provide such preferred policy.

The network side can consider the above rules to set RAT/frequency priorities, and the UEs can refer to or make use of the priorities information to simplify cell selection process and achieve better cell selection results.

Moreover, there still has the possibility that RAT preference in UE itself for a certain service could override the broadcasted inter-RAT priorities when this service is triggered.

	Nokia
	No.
The use of Inter RAT assistance information at UE is upto UE implementation and depends on the scenario where the cell selection is triggered and also the UE capability. In these scenarios UE can decide the priority based on the application. So we don’t see benefit for inclusion of the priority information as part of the assistance information.

	III
	No/Yes with condition.
Considering UEs with different applications on different geolocation in a cell supporting multi-RAT, it’s not easy to configure a general cell reselection rule to satisfy all the UEs. If  UEs are specific to certain application and radio condition is similar in a cell, the priority information may be benefit for improving cell reselection. 

	MediaTek
	No. 
One reason why we study inter-RAT cell selection for NB-IoT is to support diversified operation scenarios for IoT devices. Different UEs may prefer different priority settings. For example, a smart phone with NB-IoT may select LTE if possible, while a multi-mode IoT device (e.g. MTC + NB-IoT) device may prefer to camp on NB-IoT. It is hard for operators to define RAT priorities that apply to all UEs camp on a cell. RAT priority should be up to UE implementation.

	GTO
	No
Different applications/UEs have different needs and hence this leads to different priorities of the technologies depending on use case. Also if I remember correctly, there is an agreement that it is UE’s decision of how to use assistance information. Different scenarios require different priorities for different applications and we cannot fix a hard rule for that. Also including this information will be a waste. 
We also believe hardware design plays a role for example a design maybe optimized and be efficient for narrow band systems but with increasing bandwidth efficiency can decrease. Also situations where a SW update is required and device may choose tech with higher throughput capability. So we believe any certain priority should not be mandated. Whether there are internal rules in which order technologies are used within the device is left for Ue implementation.

	LG
	No
The RAT priroity information is mainly UE-specific basd on service type. If the service-specific RAT prirotiy is required, it is likely that the priority information would be preconfigured in the device. 

	Sequans
	No.
The UE can interact with the hosted application and accordingly deduce a different set of priorities. 

The UE is aware of the application requirements as well as the current ongoing activity e.g. FW upgrade versus low rate periodic reporting. Acordingly, the UE knows which RAT is preferred for a specific application and furthermore the UE knows which RAT is preferred at any point in time.
There is no benefit in providing NW priorities if the UE can optimize power consumption by ignoring it.



Q2: Should priorities of NB-IoT frequencies be provided by eMTC/LTE network as assistance information for inter-RAT cell selection? 
	Company name
	Comments

	Ericsson
	The behaviour should be as symmetric as possible for to and from. So, we have similar view as in the answer provided to Question 1

	QC
	NO.
Same as Q1 response. 

	Huawei, HiSilicon
	No – same comment as Q1

	ZTE
	Yes.
Similar as the comment for Q1 and also having sympathy with Ericsson about the symmetric behaviour, we think RAT/frequency priorities of NB-IoT should also be provided by eMTC/LTE network as assistance information for inter-RAT cell selection.

	Nokia
	No – Same as above

	III
	No. Same as Q1. 

	MediaTek
	No. See Q1.

	GTO
	No. Same as Q1

	LG
	No Same as Q1 reponse

	Sequans
	NO. Same as Q1 response.



In LTE, priorities for cell reselection can be provided by broadcast (in SIB) or dedicated signalling (in RRCConnectionRelease message), and priorities are configured per carrier (or group of carriers). For cell selection, we now discuss how priorities are signalled.
Q3: If priority is considered as assistance information for NB-IoT inter-RAT cell selection, should it be provided by broadcast, dedicated signalling, or both?
	Company name
	Comments

	Ericsson
	Both. It may be that not all UEs are dual/multi RAT capable, in which case, it may be a waste in terms of radio resources to broadcast Inter-RAT related information and for the UE to parse the SIB content. Thus, alternately or in addition, the NW can provide via RRC dedicated signalling the Inter-RAT cell selection indication and other needed parameters more customized to the UE.

	QC
	No priority information is required.

	Huawei, HiSilicon
	Priorities should not be provided, see answer to Q1 and Q2.

	ZTE
	We agree with Ericsson that both broadcast and dedicated signalling are needed. 

Comment from Ericsson is one of the reason. Moreover, according to our comments for the Q1, the network has some rules to set the RAT/frequency priorities. But some rules may not be reflected at the very beginning or may be considered only for the UEs that support certain characteristics or services. For example, for a UE that supports high mobility, priorities for some RAT/frequencies can be modified later through dedicated signalling or even some additional RAT/frequencies can be provided to the UE with implicit high priority.

	Nokia
	In our view the dedicated signaling of IRAT assistance information is not in the scope of this email discussion. Benefit of such signaling and the solutions needs to be discussed in next RAN2 meeting. For the specific question on the priority information, please refer to our answers to Q1 and Q2

	III
	Both broadcast and dedicated signalling can be used for configuring priority information. 

	MediaTek
	If provided, assistance information can be provided by dedicated signalling. This method not only allows operator to customize priority settings for individual multi-mode UEs, but also allows single-mode UEs not to parse assistance information useless for them.

	GTO
	Priority information is not required by UE.

	LG
	No additional assistance information is required for NB-IoT inter-RAT cell selection.

	Sequans
	priority information should not be signalled. There is no benefit in providing NW priorities if the UE can optimize power consumption by ignoring it.



Q4: How should priority be configured (e.g. for each frequency identifier, for each RAT)?
	Company name
	Comments

	Ericsson
	For each RAT. To make it simple and minimize signalling overhead, per RAT should suffice.

	QC
	No priority information is required.

	Huawei, HiSilicon
	Priorities should not be provided, see answer to Q1 and Q2.

	ZTE
	Considering that priority could be used to reflect network coverage or load status, it’s more suitable to configure priority for each frequency (like that in legacy LTE). 

	Nokia
	No. Priority Information is not required in IRAT Assistance information.

	III
	Priority for each RAT is enough. 

	MediaTek
	To reduce signalling overhead, priority should be configured per RAT.

	GTO
	If priority information is not required, it should not be configured.

	LG
	Assuming that NB-IoT devices supporting inter-RAT cell selection have pre-configured RAT priority information in the UE(e.g. SIM) and the network indicates frequency identifiers of neighbouring carriers (as RAN2 agreed), no additional priority information is required. 

	Sequans
	priority information should not be signalled. There is no benefit in providing NW priorities if the UE can optimize power consumption by ignoring it.



In LTE cell reselection, UE must reselect to a higher priority RAT if given criteria are satisfied. In NB-IoT inter-RAT cell selection, UE behaviour may be quite different. For example, the broadcast priorities may be considered as a guideline of which RATs to search before others (e.g. NB-IoT first, then eMTC, and then GSM). On the other hand, if priorities are provided via dedicated signalling, the network may want to steer to UE to a RAT marked as higher priority.
Q5: If priorities are provided by the network as assistance information, how do priorities affect UE behaviour? Are the UE behaviours different for broadcast and dedicated signalling of priorities? Can UE follow its own priorities (e.g. preconfigured by operator or manufacturer) instead?
	Company name
	Comments

	Ericsson
	The impact is basically in which order the UE starts to perform cell selection. It would be Operator’s preference that UE first performs cell selection on the RAT that has been prioritized. In general, priorities received from dedicated signalling should have higher priority than the broadcast as it may be more customised per UE.

	QC
	No priority information is required.

	Huawei, HiSilicon
	See answer to Q1. Priorities should not affect UE behaviour (cell selection), this is why it should not be supported.

	ZTE
	For simplicity, we tend to agree with Ericsson that such RAT/frequency priority or preference doesn’t aim to provide mandatory inter-RAT cell measurement/selection criteria. It can be an important guideline or preference provided by network side in order to avoid the following possible issues:
· Much power consumption caused by “blind” inter-RAT cell measurement/selection among a large number of other RATs or frequencies. 
· Potential later access failure caused by just selecting a cell only due to strongest radio quality.

Generally, during cell selection, the UE could perform RAT/frequency evaluation in the order of inter-RAT priority from highest to lowest. For example, if network mark some good RATs or frequencies with high priorities, devices may narrow down the candidates for initial evaluation. Only when the UE cannot find a suitable cell to camp, the UE may further evaluate other RATs or frequencies with lower priorities.

Moreover, it might also allow that some devices would make use of the priority information while others would not. For example, for a UE which is sensitive to power consumption, e.g., battery powered, it can only evaluate part of RATs/frequency candidates with high priorities. At the same time, for a UE is easy to be recharged, it can evaluate all the broadcasted RATs/frequency candidates.

	Nokia
	As these questions are sub-topics associated with the initial questions on the need for priority information, we propose to consider these responses only based on the decision on the first two questions. See answer to Q1.

	III
	Priority information provides UE with RAT selection before performing cell selection. The cell (re)selection behaviour is the same as the legacy procedure. 

	MediaTek
	As our comment for Q3, priority can be provisioned via dedicated signalling to individual UE. In this way, the priority reflects operator’s preference for the specific UE, and thus UE would better follow it. Also, as Ericsson’s view, priorities received from dedicated signalling should have higher priority than the broadcast.

	GTO
	Same as Q1

	LG
	We don’t think priority information is necessary. However, if it is provided, priority information via dedicated signalling should override broadcast one, and broadcast information overrides pre-configured one. 

	Sequans
	UE cell selection should be autonomous, based on the UE affinity with the hosted application. 



Q6: If UE follows the provided priorities, should we introduce any related parameters (e.g. thresholds or timers similar to those used in cell reselection) in addition to the priorities, or should it be left for UE implementation?
	Company name
	Comments

	Ericsson
	No need to introduce thresholds. Cell selection RAT preference should not be confused with cell reselection priority. 

	QC
	It should be left to UE Implementation.

	Huawei, HiSilicon
	The scope of the WI has been restricted to cell selection on operator’s request to avoid the need for coordination between RATs. This should not be discussed.

	ZTE
	As these assistance information is mainly used in cell selection stage, we agree that no need to introduce the similar threshold as that for cell reselection priority, e.g., threshold for serving RAT/cell. 

For the timer for evaluation interval, we think it may be useful to avoid ping-pang and could be introduced.

We don’t think introduction of priority necessarily means the need for much coordination between RATs. If this is concerned, network can refer to some semi-static information for setting priority, e.g., coverage quality or preferred RAT for some certain services.

	Nokia
	No. See answers to Q1 and Q2.

	III
	No. Thresholds or timers are not needed for RAT selection. 

	MediaTek
	This should be left for UE Implementation.

	GTO
	We talk about cell selection after UE has autonomous decided for technology. Cell selection according to defined rules take place as per legacu. No need for any priorities. See Q1 Q2.

	LG
	No other parameter seems to be required. 
It is likely that, if necessary, additional information could be provided as a service operator’s requirements and it is not in the standardization scope. 

	Sequans
	It should be left to UE Implementation.



Suitability criteria as assistance information
In LTE cell selection, when detecting a cell, UE decodes SIB1 and check if the PLMN ID matches the PLMN saved on the SIM card. If yes, the UE continues to use the information in SIB1 and SIB2 to compute the cell selection criteria S, defined as follows.
	The cell selection criterion S in normal coverage is fulfilled when:
	Srxlev > 0  AND  Squal > 0


where:
	Srxlev = Qrxlevmeas – (Qrxlevmin + Qrxlevminoffset) – Pcompensation - Qoffsettemp
Squal = Qqualmeas – (Qqualmin + Qqualminoffset) - Qoffsettemp






For inter-RAT cell reselection, parameters are broadcast in LTE SIB6 and SIB7 for UTRAN and GREAN, respectively. For example, Qrxlevmin in SIB6 indicates the minimum RSCP requirement for candidate UMTS cell. Although cell reselection is not supported for NB-IoT, parameters for suitability criteria check of inter-RAT cells may be considered as a part of assistance information. In this way, the UE can confirm the suitability of an inter-RAT candidate cell before decoding its system information.
Regarding suitability criteria as assistance information for inter-RAT cell selection, we invite companies to answer the following questions:
Q7: Should suitability criteria for eMTC/LTE/GERAN cells be broadcast in NB-IoT network as assistance information? What parameters should be included to facilitate inter-RAT cell selection?
	Company name
	Comments

	Ericsson
	It may help the UE to save power by not having to read the SIB1 of cells of another RAT, so it could be useful.
However, information such as below per RAT rather than per frequency if sent could also help to minimize the signalling overhead.
[bookmark: _Hlk531853929]cellSelectionInfo-r13				SEQUENCE {
		q-RxLevMin-r13						Q-RxLevMin,
		q-QualMin-r13						Q-QualMin-r9
	},
	p-Max-r13							P-Max					OPTIONAL,	-- Need OP


	QC
	For cell selection, based on legacy implementation UE has to read SIB Info. Providing neighbour cell suitability information is not needed. Even if neighbour cell suitability criteria is provided, UE has to measure neighbour cell Rx Level and Quality metrics to evaluate suitability criteria. There is not much benefit in terms of UE power saving as well.
To keep UE Implementation consistent with legacy cell selection procedure, we prefer to not broadcast neighbour cell suitability assistance information.


	Huawei, HiSilicon
	We think q-RxLevMin and q-QualMin should not be provided. 
We see some benefit at the UE of knowing q-RxLevMin and q-QualMin (eMTC/LTE) as this avoids reading the system information (MIB, SIB1) of the target cell just to discover that the cell is not suitable. So this benefits UE power consumption.
However, the drawback is the signalling overhead per E-UTRA carrier: 7 bits (q-rxlevmin) + 6 bits (q-Qualmin) for a LTE only carrier. 
If the frequency also supports CE mode A and CE mode B, then we need to signal the same information for each mode. In total, this would mean 70+bits per carrier.
We think that the UE should normally camp on its ‘preferred’ RAT and that inter-RAT cell selection will be a rare event, so we can accept the possibility that we read unnecessarily the SI in some cases.

	ZTE
	Yes, we also think suitability criteria for eMTC/LTE/GERAN (cells) should be broadcasted in NB-IoT network as assistance information.

We agree with rapporteur and Ericsson that with such parameters, the UE can confirm the suitability of an inter-RAT candidate cell before decoding its system information. 

Furthermore, we assume a use case for multi-mode chipset would be wearables devices and we don’t think inter-RAT cell selection would be a rare event in such use case. There may exist frequent service changes that may cause frequent inter-RAT cell selection. Then introduction of suitability criteria could help to avoid unsuitable inter-RAT cell selection.

	Nokia
	The main benefit of providing Inter-RAT assistance information is to avoid the blind search for other RAT cells. This can be achieved based on the ARFCN information list associated with each RAT. Additional benefits related to avoiding reading system information is only marginal. So increasing the contents of system information needs to be considered only if there is significant benefit for UE power consumption. So we think that sending this information via broadcast signaling is not required. 

	III
	The suitability criterion for each RAT is not necessary. Indication for which type of RAT before SIB1 may be needed.

	MediaTek
	Yes.
If suitability criteria are provided as assistance information, UE can save power by not having to read the SIB1 of cells in another RAT. We think q-RxLevMin and q-QualMin can be provided.
However, there may be concerns about sending the suitability criteria in SIB, as reception of large SIB is a big cost for IoT device. We may also consider sending the information via dedicated signal (e.g. RRC Connection Release message).

	GTO
	From pure technology presence indication to technology present on a certain frequency/carrier is already benefit for a UE to select/read information of a certain carrier. Note: This is initial cell selection even if several carriers with respective information are provided the device will select the first being suitable and do an intra-technology re-selection afterwards. (A device will not do any ranking/evaluation between the carriers of a technology provided. Or even if not suitable for camping a UE could try to acquire neighbour information if this is the preferred technology.)  This implies to us:
· Not all present carriers frequency of a technology may be provided for saving overhead only some cells to be used of each technology as a starting point, carrier specific RSRP/RSRQ is not needed. At maximum technology specific general values which can be used to start search/reading attempt. Final suitability is still related to values broadcasted by the camping candidate cell.
The network should boradcast technology present with carrier information. As that list does not need to be complete i.e. listing all frequencies the network may also even only provide Indication on technology and leave frequency list empty. (Implying that UE may also have information from elsewhere.) If in addition an indication is intended whether an camping/reading attempt on a technology could be sensible it rather should be a wide-/narrowband power indication, especially for FDD based technology an RSSI like value could be sufficient.
.


	LG
	The legacy cell selection procedure and UE implementation based on service-specific operator’s requirements seem to be enough to support. 

	Sequans
	No. 
Cell selection is an autonomous procedure left for UE implementation and the information broadcasted by the NW is for assistance only. Following many of the views above, we too think that the overhead in broadcasting suitability information is too high. The UE may spend more power on reading this information then the power saving on not reading it from the target RAT cells.



Q8: Should suitability criteria for NB-IoT cells be broadcast in eMTC/LTE network as assistance information? What parameters should be included to facilitate inter-RAT cell selection?
	Company name
	Comments

	Ericsson
	Save view as above

	QC
	Same as above 

	Huawei. HiSilicon 
	Same answer as  Q7
Although, in NB-IoT, only one pair of parameters (q-RxLevMin, q-QualMin) needs to be provided per NB-IoT, we think that the signalling overhead is too big: 9 bits (q-RxLevmin and delta-RxLemin) + 6 bits (q-Qualmin). We also prefer to have symmetric signalling in the different RATs.

	ZTE
	Yes, we think suitability criteria for NB-IoT (cells) should be broadcasted in eMTC/LTE network as assistance information.

	Nokia 
	Same as above

	III
	Same comment as Q7. 

	MediaTek
	Same as our comment for Q7.

	GTO
	Same as above

	LG
	Same as above

	Sequans
	Same as above



Signalling of neighbouring inter-RAT carriers
We already agreed that frequency identifiers of neighbouring inter-RAT carriers are included as assistance information. The signalling details may need to be further discussed, e.g., signalled per-carrier or group/range of carriers.
Q9: What further details about the signalling of neighbouring inter-RAT carriers should be determined? 
	Company name
	Comments

	Ericsson
	This is more stage 3 details. It may be clear by looking into detailed draft CRs etc. The objective should be to minimize signalling thus group based may be better.

	QC
	Inter RAT freq need to be specified per each neighbour frequency.
Any additional info can be specified either per frequency or based on group of frequencies if common parameters exist. Stage 3 signalling can be designed in a flexible way to allow both per freq and per group of frequencies.

	Huawei, HiSilicon
	For signalling of the carriers in E-UTRAN and NB-IoT, we don’t see the need for signalling optimisation. So:
For NB-IoT carriers: list of NB-IoT carriers, where the only parameter is the carrier frequency (EARFCN, offset).
For E-UTRAN carriers: list of E-UTRAN carriers, with two parameters: EARFCN, 2-bit indication (LTE only, LTE-EMTC, eMTC only).  
For GERAN , a carrier corresponds to a cell, so we should consider the signalling optimisation used in LTE:  IE carrierFreqsGERAN. In addition, per group of GERAN carriers, a 1-bit indication for EC-GSM support and a 1-bit indication for PEO support.

	ZTE
	Agree with the general principles mentioned by Ericsson and QC.

	Nokia
	The details of signaling of assistance information can be discussed once we finalise the possible contents of the assistance information. For these signaling ,common ARFCN list along with some common indication of capabilities can be considered.

	III
	This should be discussed after assistance information has agreement. 

	MediaTek
	Stage 3 details can be discussed later. Our general understanding is that no signalling optimization is needed, and Huawei’s suggestion can be adopted. 

	GTO
	The network should broadcast technology present (GERAN, NB-IoT) with carrier information (carrier frequency, EARFCN). As that list does not need to be complete i.e. listing all frequencies the network may also even only provide Indication on technology and leave frequency list empty. (Implying that UE may also have information from elsewhere and don’t recommend the burden of maintaining neighbour cell relation lists to be provided.)
For E-UTRAN (eMTC, LTE, eMTC only) the flavours of  technology should be distinguished , as said devices interested in throughput may camp on different technology than devise being interested in power saving.
If technology indicated also respective carrier should be indicated how to combine if a carrier serves multiple flavours signalling optimization is FFS. However, also empty EARFCN should be considered as an option. 
 


	LG
	We’d like to discuss this after stage2 issues are agreed. 

	Sequans
	The objectives of the assistance information are to focus the UE search on specific frequencies as to prevent inefficient exhaustive searches, but also to prevent inter RAT searches in situations when the search would be futile. At the same time, the signalling overhead should be minimized.

Similar to many companies, we think that the baseline for the assistance information could be a list of frequencies, but the list does not have to be complete. 
To prevent futile searches the UE should be able to understand from the signalling if a RAT is available or not. For example, an empty list of frequencies per RAT (eMTC / GERAN) could efficiently signal that assistance information broadcasting is supported for that RAT but there is no RAT availability.




Other assistance information
We invite companies to express their views about other possible assistance information (in addition to frequencies identifiers, supported RAT, priority, suitability criteria) here.
Q10: Do you think any other assistance information should be provided to facilitate inter-RAT cell selection in NB-IoT?
	Company name
	Comments

	Ericsson
	If the target is NB-IoT, the network can indicate the anchor carrier location with frequency offset in addition to EARFCN. 
While in connected mode, when the eNB knows that UE is multi-RAT capable, it may indicate some sort of average number of repetitions that is required in the different coverage levels of other RATs or some sort of predicted DL quality report of other RAT based upon current DL quality report obtained from UE.
Average statistics of number of repetitions required in different coverage modes of LTE-M and NB-IoT can be also part of Broadcast Assistance Data which may help UE to decide.



	QC
	Only NB-IoT Anchor carrier frequencies have to be specified as neighbour frequencies.




	Huawei, HiSilicon 
	We do not see the need for additional information. 
We assume that a new SIB for NB-IoT will be introduced in LTE and that two new SIBs, one for LTE/eMTC and one for GERAN, will be introduced in NB-IoT. 
In addition, so the UE can rely on the SIB being present to decide, we propose to support either SIB with empty list of carriers to indicate that the RAT is not available in the neighbourhood or a separate information, e.g. in SIB1 to indicate that the cell supports broadcasting assistance information.

	ZTE
	We also don’t see the need for additional information.
But we assume only one new SIB containing all the inter-RAT cell selection information in each RAT is enough.

	Nokia
	Support of NB-IoT cell capabilities in terms of features such as WUS ,EDT as part of assistance information from LTE /GERAN will be beneficial for the UE to select the cells having better capabilities for energy consumption.

	MediaTek
	An additional issue that requires further study is the cell selection from GREAN (back) to NB-IoT. Since the signalling in GREAN may not be modifiable, the network may need to provide assistance information when UE is in NB-IoT, indicating how UE should “come back” from GREAN.

	GTO
	We assume assistance information to be part of new SIB. This SIB is only assistance data and inter-Rat cell selection may be carried out irrespective of the presence of said SIB, i.e. especially as it is not ensured that such functionality will be introduced in all installed  networks (GERAN). No further information is needed by nor provided by the UE. This is an cell selection comparable to initial cell selection which may quickly be followed by a re-selection once being on said technology. So all further information is not seen relevant, especially not per frequency/carrier.

	LG
	We don’t see the necessity of other information for now. 

	Sequans
	We assume the assistance information to be part of a new SIB (and a new SI message) so only interested UEs would acquire it.

We have identified situations where the UE prefers another RAT but a periodic search for this RAT would be futile. 
For example, when inter RAT is partly available within the coverage of the NB-IoT cell but not in the location of the UE. The inter RAT frequency would be signalled but searches for this RAT frequency would repeatedly fail. 
In such cases it would be beneficial for the UE to know if there was a change in the inter RAT deployment, so it could otherwise halt inter RAT futile searches. Signalling a deployment change could be done with minimum or zero overhead, e.g. by incrementing the new SI message value tag while keeping the same SIB content.



Signalling details
We expect that the signalling details (ASN.1) of assistance information be implemented straightforwardly based on stage-2 agreements. However, companies may also provide some examples below.
Company name
Ericsson: We had provided a CR for 36.331. A reference For Signalling Broadcast can be checked in this link R2-1817552.
For dedicated signalling, RRC Connection release message can be extended.

RRCConnectionRelease-NB-v1430-IEs ::=	SEQUENCE {
	redirectedCarrierInfo-v1430			RedirectedCarrierInfo-NB-v1430	OPTIONAL,	-- Cond Redirection
	extendedWaitTime-CPdata-r14		INTEGER (1..1800)	OPTIONAL,	-- Cond NoExtendedWaitTime
	nonCriticalExtension				 RRCConnectionRelease-NB-v16xy-IEs						OPTIONAL
}

RRCConnectionRelease-NB-v16xy-IEs ::=	SEQUENCE {
	lte-m										LTE-M-Inter-RAT-Info
	geran										GERAN-Inter-RAT-Info	
	priorityList                                PriorityList    OPTIONAL,	
	nonCriticalExtension				 SEQUENCE {}						OPTIONAL
}

LTE-M-Inter-RAT-Info ::=	SEQUENCE {
	carrierFreq									EARFCN					OPTIONAL,
	avgNrOfRepetiotionNeededCE-A					INTEGER (FFS) 		OPTIONAL,
	avgNrOfRepetiotionNeededCE-B					INTEGER (FFS) 		OPTIONAL,
	predictedSNR								INTEGER (-6 30)			OPTIONAL,
	cellSelectionInfo-r13				SEQUENCE {
		q-RxLevMin-r13						Q-RxLevMin,
		q-QualMin-r13						Q-QualMin-r9
	},
	p-Max-r13							P-Max					OPTIONAL,	-- Need OP

}

GERAN-Inter-RAT-Info ::=	SEQUENCE {
	geran										ENUMERATED {ec-gsm-iot, gprs-peo, gprs}
	carrierFreq									EARFCN					OPTIONAL,
	avgNrOfRepetiotionNeeded					INTEGER (FFS) 			OPTIONAL,
	predictedSINR								INTEGER (FFS)			OPTIONAL,
	cellSelectionInfo-r13				SEQUENCE {
		q-RxLevMin-r13						Q-RxLevMin,
		q-QualMin-r13						Q-QualMin-r9
	},
	p-Max-r13							P-Max					OPTIONAL,	-- Need OP
}

PriorityList ::=		SEQUENCE (SIZE (1..3)) OF Inter-RAT-System
Inter-RAT-System ::= 	ENUMERATED {geran, lte-m, lte}



(Opinion)
QC : It is too early to discuss about Stage 3 details. Lets wait until we make all stage 2 agreements.
ZTE: Agree with QC.
Nokia : We don’t think these details needs to be discussed now.
GTO: Information to be provided needs to be agreed first.
Sequans: we need to agree on the stage 2 details first.


Conclusion
Totally 10 companies participated in this email discussion. Their comments are summarized as follows.
Priority as assistance information
Q1: Should priorities of eMTC/LTE/GERAN frequencies be provided by NB-IoT network as assistance information for inter-RAT cell selection? 
There are 8 companies who think that priority needs not to be provided by NB-IoT network as assistance information, 2 companies think that priority information can be useful, or at least can be provided as a guideline.
Q2: Should priorities of NB-IoT frequencies be provided by eMTC/LTE network as assistance information for inter-RAT cell selection? 
Similar to Q1, 8 companies think that priority needs not to be provided by eMTC/LTE network as assistance information, 2 companies think that priority information can be useful, or at least can be provided as a guideline.
Q3: If priority is considered as assistance information for NB-IoT inter-RAT cell selection, should it be provided by broadcast, dedicated signalling, or both?
If priority is to be provided as assistance information, 3 companies think that both broadcast and dedicated signalling can be used; 6 companies do not think priority information should be provided; 1 company thinks that dedicated signalling. 
Q4: How should priority be configured (e.g. for each frequency identifier, for each RAT)?
If priority is to be provided as assistance information, 4 companies think that the priority should be configured per-RAT; 6 companies do not think priority information should be provided; 1 company thinks that priority should be configured per frequency, as in LTE.
Q5: If priorities are provided by the network as assistance information, how do priorities affect UE behaviour? Are the UE behaviours different for broadcast and dedicated signalling of priorities? Can UE follow its own priorities (e.g. preconfigured by operator or manufacturer) instead?
If priority is to be provided as assistance information, 2 companies think that priorities configured by dedicated signalling is prioritized over priorities received from broadcast; 1 company argues that priority or preference doesn’t aim to provide mandatory inter-RAT cell measurement/selection criteria; 6 companies do not think priority information should be provided; 1 company thinks that UE should follow legacy behaviour.
Q6: If UE follows the provided priorities, should we introduce any related parameters (e.g. thresholds or timers similar to those used in cell reselection) in addition to the priorities, or should it be left for UE implementation?
If priority is to be provided as assistance information, 9 companies think that no threshold and timer should be configured, and the related behaviour can be up to UE implementation; 1 company thinks that threshold is not needed by timer can be useful.
Conclusion: Since majority view is that priority should not be provided as assistance information for NB-IoT inter-RAT cell selection, we suggest that priorities of eMTC/LTE/GERAN frequencies in NOT provided by NB-IoT network, and priorities of NB-IoT frequencies is NOT provided by eMTC/LTE network.
Suitability criteria as assistance information
Q7: Should suitability criteria for eMTC/LTE/GERAN cells be broadcast in NB-IoT network as assistance information? What parameters should be included to facilitate inter-RAT cell selection?
Regarding suitability criteria, 3 companies think it can be useful as UE can avoid reading SIB1 in target cell; 5 companies do not think it’s needed and have concerns about, e.g., consistency with legacy systems; 2 companies think that providing technology presence is enough.
Q8: Should suitability criteria for NB-IoT cells be broadcast in eMTC/LTE network as assistance information? What parameters should be included to facilitate inter-RAT cell selection?
Companies’ view are similar to that for Q7.
Conclusion: Suitability criteria is NOT considered as assistance information for NB-IoT cell reselection.
Signalling of neighbouring inter-RAT carriers
Q9: What further details about the signalling of neighbouring inter-RAT carriers should be determined? 
Regarding the signalling details, 3 companies think that this is stage-3 issue and we should wait for the decisions about other assistance information; 7 companies mention that pre-frequency information is needed, and among them 3 companies further mention that for LTE/MTC frequencies, there should be indication about supported RAT (LTE, MTC, or both).
Conclusion: 
Regarding the signalling of neighbouring inter-RAT carriers:
· For NB-IoT carriers: list of NB-IoT carrier frequencies, including EARFCN and offset.
· For E-UTRAN carriers: list of E-UTRAN carriers, with 2-bit indication (LTE only, LTE&eMTC, eMTC only).   
· For GERAN, we reuse the LTE IE carrierFreqsGERAN, which indicates a group of GREAN carriers. In addition, we need 1-bit indication for EC-GSM support and a 1-bit indication for PEO support.
Q10: Do you think any other assistance information should be provided to facilitate inter-RAT cell selection in NB-IoT?
For additional assistance information, 2 companies mention NB-IoT anchor carrier information, 1 company mentions NB-IoT capability, 1 company mentions information for UE in GREAN going back to NB-IoT, 3 companies do not think any additional assistance information is needed.
Conclusion: Additional assistance information for NB-IoT inter-RAT cell selection can be further studied.
According to the discussions above, we have the following draft proposals:
Proposal 1:	Priorities of eMTC/LTE/GERAN frequencies are not provided by NB-IoT network as assistance information for inter-RAT cell selection.
Proposal 2:	Priorities of NB-IoT frequencies are not provided by eMTC/LTE network as assistance information for inter-RAT cell selection.
Proposal 3:	Suitability criteria of eMTC/LTE/GERAN frequencies are not provided by NB-IoT network as assistance information for inter-RAT cell selection.
Proposal 4:	Suitability criteria of NB-IoT frequencies are not provided by eMTC/LTE network as assistance information for inter-RAT cell selection.
Proposal 5:	Regarding the signalling of neighbouring inter-RAT carriers as assistance information for NB-IoT cell selection:
· For NB-IoT carriers: list of NB-IoT carrier frequencies, including EARFCN and offset.
· For E-UTRAN carriers: list of E-UTRAN carriers, with 2-bit indication (LTE only, LTE&eMTC, eMTC only). 
· For GERAN, we reuse the LTE IE carrierFreqsGERAN IE, which indicates a group of GREAN carriers. In addition, we need 1-bit indication for EC-GSM support and a 1-bit indication for PEO support.
Proposal 6:	Additional assistance information for NB-IoT inter-RAT cell selection can be further studied.
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