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1	Introduction
The architecture requirements for NPNs are specified in clause 5.30 of 3GPP TS 23.501 and these requirements are different from the architecture requirements of CSGs. However due to some similarities, especially in case of CAGs, there were proposals to re-use some of the mechanisms agreed for the support of CSG cells in LTE for SNPN and CAGs. The purpose of this email discussion is to review the basic Rel-8 and 9 mechanisms agreed for the support of CSG cells in LTE and check whether they would be applicable for the support of SNPN and CAG (PNI-NPN) in NR. 
2	CSG Mechanisms for CAG
In LTE, IDLE mode operation was designed to prioritise CSG cells: once the UE camps on a CSG cell, the corresponding frequency layer is given the highest priority [36.304]:
-	While the UE is camped on a suitable CSG cell in normal coverage, the UE shall always consider the current frequency to be the highest priority frequency (i.e. higher than any of the network configured values), irrespective of any other priority value allocated to this frequency.
-	If the highest ranked cell or best cell according to absolute priority reselection rules is a CSG cell which is not suitable due to not being a CSG member cell, the UE shall not consider this cell as candidate for cell reselection but shall continue considering other cells on the same frequency for cell reselection.
Question 1A: in IDLE mode, should the frequency layer of a CAG cell on which the UE is camped be given the highest priority?
	Answers to Question 1A

	Company
	Yes/No
	Comments

	Ericsson
	No
	In contrast to CSG which mainly targeted Home eNBs, the main use case for CAG is factory automation/URLLC where the deployments can be expected to be more controlled and span over larger areas. The operator may also deploy different CAGs on different frequency layers.

To allow the operator to control which frequency layer the UE camps on, it is preferred if the UE follows the frequency priority information provided in system information (SIB4) or in the RRC connection release message. We can discuss if current signalling is sufficient or if any enhancements are needed.

	Nokia
	No
	In our understanding, the prioritisation was justified for CSG when assuming a deployment where CSG cells are located on a separate frequency layer from regular cells (which cannot provide different IDLE parameters for members and non-members at the same time). This seems too restrictive a scenario for NR to justify introducing something different than what is already possible with cellReselectionPriority in SIB4 and in RRCRelease.

	CATT
	No
	In NR, we assume CAG cells can be deployed on various frequencies in a large area. It’s too strict for operator deployment if the UEs always consider the frequency of the camping CAG cell to be the highest priority.

	Futurewei
	No
	It’d be too restrictive to limit the deployment of CAG cells on a particular frequency, or to assume that a UE only supports one CAG.

	CMCC
	No
	Current there is no requirement to allocate CAG cells on a dedicated carrier since the different purposes from that of CSG cells. Based on this assumption, there is no necessary that the UEs always consider the frequency of the camping CAG cell to be the highest priority.

	OPPO
	No
	As commented above, the scenario for CAG in NR is different from the CSG in LTE, which is limited to HeNB and thus dedicated frequency deployment is not valid any more. Considering this, service-specific frequency prioritization is not needed either.

	Huawei
	No
	We agree that NPN cells should be prioritized for NPN capable UEs. However, according to the current spec, there is no assumption that CAGs are deployed on specific frequencies.

	DOCOMO
	No
	Agree with Nokia that it is already possible by cellReselectionPriority in SIB4 and in RRCRelease message to reduce unnecessary measurements for CAGs on other frequencies.  

	ZTE
	
	In our understanding, it should be controlled by NW that whether the camped CAG frequency layer should be considered as highest priority or not. 
If it is common understanding that there is fully coordination at the NW side and NW is completely aware of the CAG deployment, we think there is no need for UE to prioritize the camped CAG frequency layer as the highest one.

	Intel
	No
	We do not see the need of this in addition to dedicated frequency priority and cellReselectionPriority in SIB4. It can always be left to the network to set the right dedicated priority based on the subscription of the UE.

	Qualcomm
	Yes
	The LTE behaviour of prioritizing frequency layers of camped CAG cells is useful in NR, even when CAGs are deployed on multiple frequencies.

Use of Rel-15 behaviours with SIB4 and RRC release for appropriately configuring high priorities for CAG-frequencies (frequencies of CAG cells) has following disadvantages:
1. There may be operational challenges in configuring PLMN cells to ensure high priorities are used for CAG-frequencies in SIB4/RRC-signalling. Note that it is not enough to configure priorities in CAG cells to realize this, since priorities in dedicate signalling (RRC release) takes precedence over that in SI.
2. Even if operationally feasible, assigning high priorities to CAG-frequencies can lead to high power consumption in CAG UEs especially when coverage of CAGs is limited and RRC connection release is received while UE is not in coverage of a suitable CAG cell.

	Sony
	No
	Existing frequency priority information should be sufficient

	Samsung
	No
	Agree with Ericsson and Nokia.

	vivo
	No
	It is not reasonable to assume that CAG cell only be deployed on a dedicated frequency.



Summary 1A: the very large majority of companies (all but one) believes that no new mechanism need to be introduced to handle the priority of a frequency layer of a CAG cell on which the UE is camped. 
Proposal 1A: no new mechanism is introduced to handle the priority of a frequency layer of a CAG cell on which the UE is camped (beyond what cellReselectionPriority provides in SIB4 and in RRCRelease).
To identify CSG cells (and prioritise them as described above), LTE assumes that an autonomous search function is implemented by the UE. The search function determines itself when/where to search, and need not be assisted by the network with information about frequencies which are dedicated to CSG cells [36.300]. The search function is used to detect previously visited CSG member cells [36.304].
NOTE:	performance requirements for the search function of LTE are specified in 36.133 and if such a function was introduced in NR, performance requirements would also have to be defined (by RAN4).
Question 2A: in IDLE mode, should the UE implement an autonomous search function of CAG cells?
	Answers to Question 2A

	Company
	Yes/No
	Comments

	Ericsson
	No
	We can assume that the network knows the location and frequencies of the CAG cells and it should therefore be possible for the network to indicate to the UE the areas and frequencies where it should search for CAG cells (either via system information or via dedicated signalling). The situation is similar to heterogenous deployments where small cells are deployed on a separate frequency layer to offload the macro network or increase capacity in hot spots. Because of this we don’t see any strong need for the autonomous search function.

The autonomous cell search function also does not help when the UE is going to find the CAG cells for the first time. If there is no assistance from the network, the UE has to periodically search all frequency layers to find new CAG cells.

	Nokia
	Yes
	An autonomous search function might be needed at least for the case where cellReselectionPriority provided in SIB4 does not allow a CAG-only UE to camp on a CAG cell.

	CATT
	Yes
	We don’t think it’s necessary for the network to always broadcast the location and frequencies of all the CAG cells if there are too many CAG cells nearby. If the UEs can assist the network to identify the CAG cells wanted by autonomous search function, at least can reduce some overhead from network perspective.

	Futurewei
	Optional
	It should not be excluded that UE may implement autonomous search function of CAG cells. This can be done based on history of previous CAG access or by network providing neighbouring CAG cells info (frequency, PCI, location, etc.) through on-demand SI.  

	CMCC
	Yes 
	The autonomous search function is not specified and left to UE implementation. But we prefer to enable the autonomous search function for CAG-UEs. Firstly we don’t think it’s necessary for the network to always broadcast the location and frequencies of all the CAG cells. Secondly, even if the UE has the idea of the location and frequencies of the corresponding CAG cells, the autonomous search function can be implemented based on the knowledge of the location, frequencies or other indirect information of the corresponding CAG cells to reduce the power consumption for cell search.

	OPPO
	Optional
	We tend to agree with Ericsson that the assistance information from network is anyway needed for the first time camping, i.e., it is of huge complexity to require a full search at UE side to identify CAG cells, especially considering the network has full knowledge of CAG cells.

For the search based on history information, it can be left to UE implementation.

	Huawei
	Yes
	We think autonomous search is useful as the network may be unaware of the presence of CAG cells. Moreover, the SIB4 may not broadcast all the CAG information.

	DOCOMO
	Yes
	Autonomous search function is still useful for the case that when the measurement rules for cell re-selection defined in TS 38.304 are unable to find the CAG cell. For example, “If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.” In addition, it is not necessary to specify the autonomous search function, it can be left to UE implementation.

	ZTE
	Yes
	For the private network, there would be three different scenarios:
Scenario 1: The UE can only access the SNPN network
Scenario 2: The UE can only access the 5Gs via CAG cells.
Scenario 3: The UE can access the 5Gs though both the normal cells and the CAG cells.
For the scenario 3, the UE can access both the normal cells and the CAG cells, which is similar to the CSG, it can’t guarantee that the normal cells has necessary information of the neighbour CAG cells especially for the SOHO, residential scenarios. Thus the autonomous search shall be supported to assist inbound CAG mobility from the normal cells.
For the scenario 2, the UE can only move among cells with the matched CAG ID, there is no inbound mobility concept anymore. If there are enough coordination among the CAG cells, the autonomous search is not needed, otherwise we shall support autonomous search for the UE to detect available cells as much as possible(especially for the SOHO, residential scenarios, the deployment of  this kind of network deployment may be unpredictable )
In addition, for the case when CAG and Non-CAG cells are deployed in the same frequency, CAG only UE or UE supporting both CAG and non-CAG who prefers to camp on a CAG cell can use autonomous search function to measure the cells in each frequency selectively to find a suitable target cell.

	Intel
	Yes
	Autonomous search function allows the UE to detect other cells in non-serving frequencies for cell reselection as long as they are the highest rank in the frequency. This is on top of the normal measurement rules and cell reselection criteria. When and where the UE initiate the autonomous search function is left to UE implementation. Such autonomous search function may be needed only for the case where the deployment of such NPN cells are ad-hoc (e.g. residential or office setting). In the WI, it is mentioned that residential deployment is also possible:

Although the non-public network solutions are limited to the support of Vertical and LAN Services in SA2, from operator points of view, the solutions of public network integrated NPN may also be applicable for a much wider range of use cases, such as SOHO and residential, private network coverage deployments and so on.
Hence we believe some mechanism similar to autonomous search function is needed to allow the UE to discover non-serving frequency CAG cells. 

	Qualcomm
	Yes
	A CAG-specific search is needed for CAG UEs in Rel-16. Rel-15 search does not appear to be sufficient as explained next: Consider a scenario where CAG are deployed on 3.5GHz only, while PLMN cells are deployed on both 3.5GHz and 600MHz. The operator may want to prioritize a certain frequency (e.g., 600 MHz) for Rel-15 UEs and non-CAG Rel-16 UEs, and prioritize another frequency (e.g., 3.5 GHz) for CAG UEs. Rel-15 search behaviour is not be sufficient for this since 
· assigning high priority to frequencies of CAG cells will result in high power consumption for CAG and non-CAG UEs while on lower priority frequencies (especially if 3.5GHz coverage is not geographically uniform), and
· assigning low priority to frequencies of CAG cells could prevent detection of CAG cells by CAG UEs.

Given the argument that CAG-specific search is needed for CAG UEs in Rel-16, the next question is whether the CAG-specific search only considers frequencies/PCIs in SIBs (potentially with SIB enhancements in Rel-16) or also considers frequencies/PCIs not listed in SIBs (i.e., something close to LTE autonomous search). This depends on operator views regarding the feasibility to advertise the frequencies/PCIs of CAG cells in the SIBs. We prefer that the CAG UE search is limited to broadcasted frequencies/PCIs because unrestricted autonomous search can be battery-inefficient (due to large number of NR bands).

If PLMN cells can be assumed to be able to broadcast nearby CAG cells’ information (such as frequency, PCI) completely (i.e., making sure all frequencies and PCIs of CAGs are included), autonomous search is not needed. We believe that the operational burden for operators is manageable because this SIB information does not have to be exact (i.e it is okay to list a frequency in SIBs even if no CAG is deployed on the frequency). If this assumption does not hold in practice (e.g., if operators believe that not all PLMN cells can broadcast the information due to operational challenges, there is a risk that some PLMN cells broadcast incomplete CAG information), search of frequencies/PCIs outside SIBs may be needed.

	Sony
	Yes
	We think CAG deployment will not be completely uncoordinated as was the assumption with the CSG. However, autonomous search was left to UE implementation. It is beneficial if CAG UE is able to find CAG cells. 

	Samsung
	Yes
	We think it would be too much burden on the NW to provide all CAG related cell reselection parameters. We further think autonomous search function is beneficial for cell reselection from a UE side i.e. to reduce power consumption. Alike in LTE, it can be left to UE implementation.

	vivo
	Yes
	The gNB may not provide the frequency of CAG member cell, and it is better that UE can autonomously research the visited CAG member cell to reduce the range of cell search.



Summary 2A: the very large majority of companies (all but one) believes the UE can implement an autonomous search function of CAG cells. 
Proposal 2A: the UE can optionally implement an autonomous search function of CAG cells.
Since the autonomous search function consumes UE power, a PCI range was introduced to help the UE. Please note though that “the search function need not be assisted by the network with information about frequencies which are dedicated to CSG cells” i.e. the PCI range is optional. Another motivation for the PCI range was that it allows to separate Home NBs from other NBs [36.300] [36.331]. Let us discuss these two points separately.
Question 3A: from a deployment perspective, should a range of PCI be reserved for CAG cells?
	Answers to Question 3A

	Company
	Yes/No
	Comments

	Ericsson
	-
	There is nothing that prevents an operator from using different PCI ranges for public and CAG cells on a frequency layer. Not clear what the advantage is though.

	Nokia
	-
	An operator may wish to do so but it should not impact our protocols (e.g. by introducing PCI confusion). In other words, this is purely a deployment issue.

	CATT
	-
	We can’t limit the operator deployment.

	Futurewei
	No
	It should not be assumed that a range of PCI can be reserved for CAG cells. 

	CMCC
	-
	It is deployment issue.

	OPPO
	No
	It is fully deployment issue, and such premise for system design is not valid.

	Huawei
	-
	Agree with CATT.

	DOCOMO
	Yes
	A range of PCI reservation is beneficial to avoid unnecessary signaling and additional delay in handover for the UEs without permission e.g. non-CAG UEs. 

	ZTE
	-
	Agree with CATT.

	Intel
	-
	It is unclear to us from the deployment perspective that this is necessary, but nothing should stop the operator for doing so. Our understanding is that PCI range is used to aid in autonomous search function for the CAG UE, but may also be used by the non-CAG UE to ignore those cells in the PCI range.

	Qualcomm
	-
	Can be left to operators and could be tailored to specific deployments (e.g., a large CAG deployment uses more PCIs than a smaller one). It should be also possible to deploy CAG without any such reservations and the standard should not assume that the operator is always able to make such a reservation

	Sony
	
	Agree with above that it is a deployment issue

	Samsung
	-
	We think it depends on whether autonomous search function is supported in NR or not. If yes then it is a deployment issue.

	vivo
	-
	It is deployment issue.



Summary 3A: all companies seem to agree that although a range of PCI can be reserved for CAG cells, this is purely a deployment issue.. 
Proposal 3A: reserving a PCI range for CAG cells is purely a deployment issue.
Question 4A: in IDLE mode, should a range of PCI reserved for CAG cells be signalled to the UE?
	Answers to Question 4A

	Company
	Yes/No
	Comments

	Ericsson
	No
	To avoid inter-cell interference and maximize user throughput, the UE should always camp on the best cell within a frequency. In our view we should try to follow this basic principle also here.

If only the best cell (i.e. highest ranked cell) is considered during cell selection/reselection, the UE would typically only have to read SIB1 at most once per frequency layer. If the best cell is unsuitable (e.g. because the cell is CAG call which the UE is not authorized to access) all other cells on that frequency will also be discarded, and the UE will continue searching for cells on other frequencies. Using separate PCI ranges would in this case only provide a small gain – the UE would at most save one SIB1 reading per frequency layer.

	Nokia
	No
	The autonomous search function should remain fully autonomous.

	CATT
	Yes
	We think this function can save UE power for IDLE mode cell selection/reselection.

	Futurewei
	Possible
	On-demand SI can be used to provide UE with PCIs of neighbouring CAG cells.

	CMCC
	Yes
	The reservation of a range of PCI for CAG cells and notification to the UE can block the CAG-UE to camp on non-CAG cell at the phase of PCI detection, avoid unnecessary acquirement of the System information of a non-CAG cell.

	OPPO
	No
	The current cell ranking is enough as commented by Ericsson.

	Huawei
	Yes
	If some PCIs are reserved for CAGs, UEs without CAG feature can save the power by not measuring them.

	DOCOMO
	Yes
	Both CAG cell and non-CAG cell can broadcast the information
It is beneficial to avoid unnecessary signaling and additional delay in handover for the UEs without permission and also beneficial from UE power consumption perspective for cell selection/reselection. 

	ZTE
	Yes
	Agree with CATT. Especially for the CAG only scenario that the UE can only camp on the cell with the matched CAG ID, during the reselection, the UE has to read the system Information of the best cell to check the CAGID, which leads to power consumption and more delay. With the PCI range, the CAG only UEs can ignore the cells with the PCI that out of the Reserved PCI range at least.

	Intel
	Yes
	It should be optionally provided for the UE for each non-serving frequency to assist autonomous search function.

	Qualcomm
	May be
	Signalling of frequencies of CAGs is needed. Comparatively, signalling of CAG-related PCI ranges perhaps has fewer benefits.

Benefit of signalling “non-PLMN PCI range” to non-CAG UEs
If PLMN cells can signal “non-PLMN PCI range”, i.e., PCIs used by nearby CAGs without including any PCIs used by nearby PLMN cells, it can help reduce SIB1 reads by non-CAG UEs as these UEs will know that PLMN cells are not to be found within this PCI range

Benefit of signalling “CAG PCI range” to CAG UEs
If PLMN cells can signal “CAG PCI range”, i.e., PCIs used by nearby CAGs without excluding any PCIs used by nearby CAGs, it can help reduce SIB1 reads by non-CAG UE, and also potentially help with autonomous search (if autonomous search is part of the specification).

Note that the “CAG PCI range” and “non-PLMN PCI range” need not be the same. For example, if the operator is unsure about PCIs used by CAGs due to operational constraints, the “CAG PCI range” can be set to be “ALL” while the “non-PLMN PCI range” can be set to NULL (such a configuration in scenarios with limited PCI information may increase battery consumption of UEs somewhat, but both CAG and non-CAG UEs will still meet the service requirements of detecting CAG and PLMN cells respectively).


	Sony
	Yes but
	Reserved PCI range in LTE was also used by a non CSG UE to exclude CSG cells for ranking as mentioned in 36.304 Section 5.2.4.6:

“The UE shall perform ranking of all cells that fulfil the cell selection criterion S, which is defined in 5.2.3.2 (5.2.3.2a for NB-IoT), but may exclude all CSG cells that are known by the UE not to be CSG member cells.”
At the same time, we acknowledge the difficulties in deployments to reserve a continuous range of PCIs for NPN when there may be legacy deployments. So, we are fine if reserving a range of PCI is not possible but a similar mechanism for UE power saving should be introduced. We think that blacklisted cells or whitelist (introduced for NR-U) in NR may be considered for the same purpose.

	Samsung
	Yes
	If the NW decides to reserve PCI range for CAG cells, then it is desired that the UE is signalled such information for optimizing cell search.



Summary 4A: the majority of companies (all but five) believes that a PCI range can be signalled to the UE to optimise cell search. 
Proposal 4A: a PCI range of CAG cells can optionally be signalled to UEs.
In LTE CONNECTED mode, the UE indicates whether it is entering or leaving the proximity of one or more CSG member cells with a proximity indication. The proximity indication is typically used to configure relevant measurements (which would be useless otherwise) as well as to decide whether or not to request additional information broadcast by the handover candidate cell (to deal with possible PCI confusion) [36.300] [36.331].
Question 5A: in CONNECTED mode, does the network need to know whether the UE enters or leaves the proximity of one or more CAG cells?
	Answers to Question 5A

	Company
	Yes/No
	Comments

	Ericsson
	No
	See answer to question 2A.

	Nokia
	No
	This can only be justified by the need to configure measurements towards a frequency layer that might otherwise be ignored (for instance in the scenario where CAG cells are deployed on a separate frequency layer). However, the network should be aware of all CAG cells as well as the allowed CSG list for the UE (signalled from AMF).

	CATT
	No
	For UE in connected mode, the network has enough assistant info to configure the measurements UE wanted.

	Futurewei
	No
	Network should already know the existence and location of neighbouring CAG cells of a connected UE.

	CMCC
	Optional
	Although the network knows the existence and location of neighbouring CAG cells of a connected UE, network has no idea of the accurate location of the UE (only cell id and distance from gNB derived from RSRP). Hence, if the UE doesn’t support location report, we still think reuse the proximity indication can assist the RAN to make correct control on UE measurement and mobility, which can reduce the power consumption of unnecessary inter-frequency measurement. 

	OPPO
	No
	Given full knowledge of CAG cells at network, the current measurement and report mechanism is enough.

	Huawei
	Yes
	In SA1/SA2, there is no limitation that the CAG cells can only be deployed by the operators, which means that the CAG cells can also be deployed by enterprises themselves. Hence, we think that the network cannot always be aware of all CAG cells, which is similar as the HeNB in LTE.

	DOCOMO
	No
	Agree with CATT.

	ZTE
	Yes
	As in question 2A, for the scenario that the UE can access both the normal cells and the CAG cells, which is similar to the CSG, it can’t be guaranteed that the normal cells has necessary information of the neighbor CAG cells especially for the SOHO, residential scenarios. Thus the the network need to know whether the UE enters or leaves the proximity of one or more CAG cells.

	Intel
	No
	Agree with Nokia that it is needed for configuring measurement towards a frequency layer that was not configured previously while in PLMN cell, but this is not the case here. Furthermore, such proximity indication is also needed to assist the network in resolving PCI confusion for inbound handover from PLMN to CAG cell. In NR, PCI range has been increased to resolve PCI confusion for small cell. Hence more justification is needed to introduce this feature. 

	Qualcomm
	No
	Proximity indication is not needed under the assumption that PLMN cells have a list of frequencies where CAGs can be found and configure measurements based on this (on a per-UE basis as argued by Nokia).

	Sony
	No
	We think both autonomous search and proximity indication should go together. If one is not supported then the other does not make sense.

	Samsung
	No
	

	vivo
	Optional
	The gNB may not have the location and frequency knowledge of CAG member cells for a specific UE. Thus the proximity indication is still useful for measurement configuration and mobility management.



Summary 5A: the majority of companies (all but four) believes that no proximity indication is needed for CAG cells in CONNECTED mode. 
Proposal 5A: no proximity indication for CAG cells in CONNECTED mode.
Question 6A: in CONNECTED mode, should the UE implement an autonomous search function of CAG cells (the question is only relevant for people having answered YES to Question 5A)?
	Answers to Question 6A

	Company
	Yes/No
	Comments

	CMCC
	Optional
	CAG UE can relied on the history knowledge of the location, frequencies or other indirect information of the corresponding CAG cells to trigger the proximity indication.

	Huawei
	Yes
	It is captured in TS 36.331 that “The detection of proximity is based on an autonomous search function as defined in TS 36.304”. Similarly, autonomous search function should be applied to help the proximity detection for Connected UEs.

	ZTE
	Yes
	As in question 5A, for the scenario that the UE can access both the normal cells and the CAG cells, which is similar to the CSG, it can’t be guaranteed that the normal cells has necessary information of the neighbour CAG cells especially for the SOHO, residential scenarios. Thus autonomous search shall be supported to assist inbound CAG mobility from the normal cells. 

	vivo
	Optional
	Agree with CMCC

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Summary 6A: given the large majority to question 5A, no proposal is made.
Question 7A: in CONNECTED mode, should a range of PCI reserved for CAG cells be signalled to the UE (the question is only relevant for people having answered YES to Question 6A)?
	Question 7A

	Company
	Yes/No
	Comments

	CMCC
	No 
	CAG UE can relied on the history knowledge of the location, frequencies or other indirect information of the corresponding CAG cells to identify whether the UE is close to the allowed CAG cells.

	Huawei
	Yes
	It helps to reduce power consumption.

	ZTE
	Yes
	To assist the autonomous search function and reduce the handover interval.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



In LTE CONNECTED mode, the network can also request the UE to fetch additional information for a particular target cell. The additional information is used to verify whether or not the UE is authorised to access the target PCell and may also be needed to identify handover candidate cell (PCI confusion i.e. when the physical layer identity that is included in the measurement report does not uniquely identify the cell) [36.331]. NR already supports CGI report procedure (see CGI-InfoNR) and the addition would then be related to the membership.
Summary 7A: given the large majority to questions 5A & 6A, no proposal is made.
Question 8A: in CONNECTED mode, should CGI-InfoNR also include whether the UE is allowed to access the target CAG cell i.e. should NR include the preliminary access check?
	Question 8A

	Company
	Yes/No
	Comments

	Ericsson
	No
	We understand that the question refers to the csg-MemberStatus field that can be included in the measurement report in LTE.

Since the UE reports the CGI, and since the network knows the relationship between CGI and supported CAGs as well as the UE’s Allowed CAG list, there is no need for the UE to report any authorization info as this can be inferred from the other information. 

Note though that CAG ID(s) may need to be reported by the UE for ANR purposes but that’s a separate issue. 

	Nokia
	No
	The Allowed CAG list is provided to the gNB by the AMF [23.501].

	CATT
	No
	The network itself can judge whether the UE can access the cell or not by the reported CGI.

	Futurewei
	No
	NG-RAN should already have the Allowed CAG list based on Mobility Restrictions info from AMF.

	CMCC
	No
	It had been agreed in SA2 and RAN3 that the Allowed CAG list is provided to the gNB by the AMF.

	OPPO
	No
	As commented above.

	Huawei
	No
	Allowed CAG list can serve the purpose.

	DOCOMO
	No
	Agree with Ericsson. 

	ZTE
	No
	The Allowed CAG list is provided to the gNB by the AMF

	Intel
	No
	If there is no PCI confusion for inbound handover from normal PLMN to CAG cell, there is no need to perform any CGI reporting before the handover and such check will not even happen. With no PCI confusion, the network should be able to know whether UE is able to access the CAG cell via the mobility restriction of the UE (i.e. allowed CAG list) and cell info of the neighbour cell (via ANR or Xn exchange or OAM provisioning)

	Qualcomm
	No
	We share Ericsson’s views.
We assume that Rel-16 ANR ensures that the UE’s ANR report informs the source cell of supported CAGs of target cell. We recommend that this ANR assumption is captured in the report for this email discussion.

	Sony
	No
	Agree with Ericsson view. Also support Qualcomm view on ANR assumption being captured as part of this email discussion.

	Samsung
	No
	

	vivo
	No
	 The gNB has the knowledge of the Allowed CAG list for a specific UE



Summary 8A: all companies believe that the preliminary access check is not needed for CAG cells in CONNECTED mode since the Allowed CAG list is provided to the gNB by the AMF. 
Proposal 8A: no preliminary access check for CAG cells in CONNECTED mode. The Allowed CAG list is provided to the gNB by the AMF. 
3	CSG Mechanisms for SNPN
To avoid going back and forth, the same explanations as given above for CAG are echoed here.
In LTE, IDLE mode operation was designed to prioritise CSG cells: once the UE camps on a CSG cell, the corresponding frequency layer is given the highest priority [36.304]:
-	While the UE is camped on a suitable CSG cell in normal coverage, the UE shall always consider the current frequency to be the highest priority frequency (i.e. higher than any of the network configured values), irrespective of any other priority value allocated to this frequency.
-	If the highest ranked cell or best cell according to absolute priority reselection rules is a CSG cell which is not suitable due to not being a CSG member cell, the UE shall not consider this cell as candidate for cell reselection but shall continue considering other cells on the same frequency for cell reselection.
Question 1B: in IDLE mode, should the frequency layer of an SNPN cell on which the UE is camped be given the highest priority?
	Answers to Question 1B

	Company
	Yes/No
	Comments

	Ericsson
	No
	The SNPN case differs from the CAG case in that the selected network only contains non-public cells. This makes cell selection/re-selection easier as we don’t have to consider the case where the UE moves between public and non-public cells. If the UE wants to move to a public cell from a non-public cell (or vice versa) NAS has to disable (enable) the SNPN mode and perform PLMN (SNPN) selection.

Because of this we see no reason to deviate from the existing frequency prioritization, i.e. the UE follows the frequency prioritization information provided in system information and via dedicated signalling. 

	Nokia
	No
	Since SNPN are standalone networks, this can be handled via network configuration within the SNPN i.e. there is no need to define a different behaviour for members and non-members.

	CATT
	No
	SNPN is a standalone network, which doesn’t support the mobility between public cells and SNPN cells. So the normal cell selection/reselection mechanism can work well.

	Futurewei
	No
	SNPN is a standalone network, and network selection should be performed before cell (re-)selection is done. Once network selection is done, only SNPN cells are available for camping.

	CMCC
	No
	As specified in TS 23.501, UEs operating in SNPN access mode only select cells and networks broadcasting both PLMN ID and NID of the selected SNPN. 

	OPPO
	No
	It is more of PLMN selection issue, so no impact on cell reselection procedure.

	Huawei
	No
	Since the cell reselection between SNPN and PLMN should invoke the PLMN reselection first, we see no reason to apply it.

	DOCOMO
	No 
	Same views as for CAG-cell, UE can follow the frequency prioritization information provided in system information and in RRCRelease message

	ZTE
	No
	Agree with CATT.

	Intel
	No
	We do not see a need to do this as it depends on which frequencies the selected SNPN are deployed and thus the existing frequency prioritisation provided in SIB4 and via dedicated signalling can provide such prioritisation.

	Qualcomm
	No
	UEs operating in SNPN access mode only select cells and networks broadcasting both PLMN ID and NID of the selected SNPN [23.501]. Hence, Rel-15 mechanisms for frequency prioritization should suffice. 

	Sony
	No
	Normal cell selection/reselection rules should work in this case.

	Samsung
	No
	Agree with Ericsson and Nokia.

	vivo
	No
	Agree with Ericsson



Summary 1B: all companies believe that no new mechanism need to be introduced to handle the priority of a frequency layer of an NPN cell on which the UE is camped. 
Proposal 1B: no new mechanism is introduced to handle the priority of a frequency layer of an NPN cell on which the UE is camped (beyond what cellReselectionPriority provides in SIB4 and in RRCRelease).
To identify CSG cells (and prioritise them as described above), LTE assumes that an autonomous search function is implemented by the UE. The search function determines itself when/where to search, and need not be assisted by the network with information about frequencies which are dedicated to CSG cells [36.300]. The search function is used to detect previously visited CSG member cells [36.304].
NOTE:	performance requirements for the search function of LTE are specified in 36.133 and if such a function was introduced in NR, performance requirements would also have to be defined (by RAN4).
Question 2B: in IDLE mode, should the UE implement an autonomous search function of SNPN cells?
	Answers to Question 2B

	Company
	Yes/No
	Comments

	Ericsson
	No
	See first part of the answer to question 1B. 

For SNPNs, if an autonomous search function is considered needed, it should be implemented on NAS layer as switching between an SNPN and a public network or between two SNPNs involves a change of network which should be triggered by NAS.

	Nokia
	-
	The UE may wish to optimise SNPN cell selection but no separate search function needs to be assumed in our specifications. In other words, this is purely a UE implementation issue.

	CATT
	Yes
	This function can have benefits for UEs having visited SNPN cells info.

	Futurewei
	No
	As SNPN is a standalone network, the normal cell selection/reselection mechanism can be reused for SNPN cells.

	CMCC
	Yes
	The autonomous search function is not specified and left to UE implementation. But we prefer to enable the autonomous search function for SNPN-UEs. Even if the UE has the idea of the location and frequencies of the corresponding CAG cells, the autonomous search function can be implemented based on the knowledge of the location, frequencies or other indirect information of the corresponding CAG cells to reduce the power consumption for cell search.

	OPPO
	No
	Since SNPN is a standalone network, the autonomous search like behavior is more of NAS layer behaviour, i.e., similar to the Automatic Network Selection Mode Procedure in PLMN (re)selection as it is. 

	Huawei
	Yes
	As SNPN is a standalone network, PLMN node may not provide the cell reselection parameters to SNPN, and vice versa. Moreover, one SNPN cell may not provide the cell reselection parameter to SNPN cells with a different PLMN ID or NID. Therefore, the autonomous search can optimise the SNPN cell (re-) selection.

	DOCOMO
	Yes
	It is useful for the case that when the measurement rules for cell re-selection defined in TS 38.304 are unable to find the CAG cell. For example, “If the serving cell fulfils Srxlev > SIntraSearchP and Squal > SIntraSearchQ, the UE may choose not to perform intra-frequency measurements.” In addition, it is not necessary to specify the autonomous search function, it can be left to UE implementation.

	ZTE
	Yes
	Agree with CATT

	Intel
	No
	There is no specified mobility between PLMN and SNPN and hence there is no need to specify such autonomous search function in the specification. It can therefore be left to UE implementation.

	Qualcomm
	
	UE may use an implementation dependent search for detecting SNPN cells This behaviour does not need to be specified.

	Sony
	
	Same view as for CAG

	Samsung
	Yes
	We think it is beneficial for the UE to optimize cell search with the autonomous search function, and it can be left to UE implementation.

	vivo
	
	This may be UE implementation based.



Summary 2B: a majority of companies believes an autonomous search function of NPN cells can be left to UE implementation. 
Proposal 2B: an autonomous search function of NPN cells is left to UE implementation.
Since the autonomous search function consumes UE power, a PCI range was introduced to help the UE. Please note though that “the search function need not be assisted by the network with information about frequencies which are dedicated to CSG cells” i.e. the PCI range is optional. Another motivation for the PCI range was that it allows to separate Home NBs from other NBs [36.300] [36.331]. Let us discuss these two points separately.
Question 3B: from a deployment perspective, should a range of PCI be reserved for SNPN cells?
	Answers to Question 3B

	Company
	Yes/No
	Comments

	Ericsson
	-
	Similar answer as to question 3A. There is nothing that prevents an operator from using different PCI ranges for public and SNPN cells on a frequency layer. Not clear what the advantage is though.

	Nokia
	-
	An operator may wish to do so but it should not impact our protocols (e.g. by introducing PCI confusion). In other words, this is purely a deployment issue.

	CATT
	-
	We can’t limit the operator deployment.

	Futurewei
	No
	As in normal standalone network, any PCI value can be chosen for a cell in a network deployment.

	CMCC
	-
	Similar answer as to question 3A.

	OPPO
	No
	Same reply as for Q3A.

	Huawei
	-
	Agree with CATT.

	DOCOMO
	Yes
	A range of PCI reservation is beneficial to avoid unnecessary signaling and additional delay in handover for the UEs without permission e.g. non-SNPN UEs. 

	ZTE
	-
	Agree with CATT.

	Intel
	-
	See our response to Q3A.

	Qualcomm
	No
	Practicality (e.g., availability of such a range of PCIs) of such a restriction especially on unlicensed and shared spectrum (where multiple operators may deploy SNPNs) are unclear.
In case an operator decides to deploy SNPN on operator spectrum, the choice of reserving PCI range should be up to the operator, but need not be part of the specifications. 

	Sony
	
	Same view as Q3A

	Samsung
	-
	We think it depends on whether autonomous search function is supported in NR or not. If yes then it is a deployment issue.



Summary 3B: all companies seem to agree that although a range of PCI can be reserved for NPN cells, this is purely a deployment issue.. 
Proposal 3B: reserving a PCI range for NPN cells is purely a deployment issue.
Question 4B: in IDLE mode, should a range of PCI reserved for SNPN cells be signalled to the UE?
	Answers to Question 4B

	Company
	Yes/No
	Comments

	Ericsson
	No
	Similar answer as to question 4A. If we stick to the principle that the UE should only camp on the strongest/best cell there is no need for PCI partitioning as the UE only needs to read SIB1 in one cell per frequency layer.

	Nokia
	No
	NR was designed to cope with mixed deployments (small cells under a macro overlay) and PCI confusion should not occur.

	CATT
	Yes
	We think this function can save UE power for IDLE mode cell selection/reselection.

	Futurewei
	No
	Normal cell selection/reselection should be used once an SNPN network is selected. A whitelist may be optionally provided to help UE reduce measurement efforts.

	CMCC
	Yes
	Similar answer as to question 4A.

	OPPO
	No
	Same reply as for Q4A.

	Huawei
	Yes
	It can save UE power, e.g. if some PCIs are reserved for SNPN cells, UEs not supporting SNPN can save power by not measuring them.

	DOCOMO
	Yes
	It is beneficial to avoid unnecessary signaling and additional delay in handover for the UEs without permission and also beneficial from UE power consumption perspective for cell selection/reselection.

	ZTE
	Yes
	Agree with CATT. For the SNPN scenario that the UE can only camp on the cell with the matched SNPN ID, during the reselection, the UE has to read the system Information of the best cell to check the SNPN ID, which leads to power consumption and more delay. With the PCI range, the SNPN UE can ignore the cells with the PCI that out of the Reserved PCI range at least.

	Intel
	No
	We do not see the need to reserve a range of PCI for SNPN, particularly autonomous search function is not needed for SNPN.

	Qualcomm
	No
	No new signalling is needed. Savings in SIB1 reading can be realized by using Rel-15 cell-blacklisting in SIB3 and SIB4.

	Sony
	Yes but
	Reserved PCI range in LTE was also used by a non CSG UE to exclude CSG cells for ranking as mentioned in 36.304 Section 5.2.4.6:

“The UE shall perform ranking of all cells that fulfil the cell selection criterion S, which is defined in 5.2.3.2 (5.2.3.2a for NB-IoT), but may exclude all CSG cells that are known by the UE not to be CSG member cells.”
At the same time, we acknowledge that it may be difficult to reserve a continuous range of PCIs for NPN when there may be legacy deployments. So, we are fine not to reserve a PCI range but a similar mechanism should be introduced. We think that blacklisted cells or whitelist (introduced for NR-U) in NR may be used for the same purpose.

	Samsung
	Yes
	If the NW decides to reserve PCI range for SNPN cells, then it is desired that the UE is signalled such information for optimizing cell search.



Summary 4B: no clear majority either way (7 in favour, 6 against). However, the rapporteur would like to point out that providing a PCI range seems to contradict the view that the autonomous search function should be left to UE implementation.
Proposal 4B: discuss whether a PCI range of NPN cells can optionally be signalled to UEs.
In LTE CONNECTED mode, the UE indicates whether it is entering or leaving the proximity of one or more CSG member cells with a proximity indication. The proximity indication is typically used to configure relevant measurements (which would be useless otherwise) as well as to decide whether or not to request additional information broadcast by the handover candidate cell (to deal with possible PCI confusion) [36.300] [36.331].
Question 5B: in CONNECTED mode, does the network need to know whether the UE enters or leaves the proximity of one or more SNPN cells?
	Answers to Question 5B

	Company
	Yes/No
	Comments

	Ericsson
	No
	Similar answer as to question 5A. We assume the network knows the location and frequency of the SNPN cells and hence it should also know when to activate measurement reporting for a particular frequency.

	Nokia
	No
	Not relevant for the use case of SNPN.

	CATT
	No
	For UE in connected mode, the network has enough assistant info to configure the measurements UE wanted.

	Futurewei
	No
	As SNPN is a standalone network, any cell UE can access/connect to is an SNPN cell, and these SNPN cells should form a continuous coverage. 

	CMCC
	No 
	As specified in TS 23.501, when the UE is set to operate in SNPN access mode the UE only selects and registers with SNPNs over Uu as described in clause 5.30.2.4. And if a UE is not set to operate in SNPN access mode, even if it is SNPN-enabled, the UE does not select and register with SNPNs. Hence, there is no case to consider this issue.

	OPPO
	No
	As commented above, this is not relevant for the use case of SNPN at all.

	Huawei
	Yes
	The proximity indication may benefit the QoE (quality of experience) of connected UE, since the connected mobility is not supported between SNPNs and PLMN and then the service may be interrupted. In case that the connected UE is served by the PLMN cell and approaching to the SNPN cell, if the UE could send a "leaving" proximity indication to the PLMN node, the PLMN node could prioritize this UE scheduling to reduce the data loss rate.

Moreover, the proximity indication could avoid unnecessary ANR procedure. For example, in cast that the UE report a PCI of a SNPN cell to a PLNM node (obviously, the PCI is not included in the neighbour cell list of the PLMN node), the PLMN node may request the UE to perform the ANR procedure, which is not necessary since the connected mobility between the SNPN and PLMN is not supported. If the UE could sends an "entering" proximity indication to the PLMN node, the ANR could be avoided, as the PLMN node recognizes that the PCI is associated to a SNPN cell.

	DOCOMO
	No
	For connected SNPN UEs, network can configure proper measurements for the UE. 

	ZTE
	FFS
	If there are enough coordination among the SNPN cells, the proximity indication function is not needed. But we are not sure whether there would be enough coordination especially for the SOHO, residential scenarios.

	Intel
	No
	There is no PCI confusion.

	Qualcomm
	No
	Our understanding is that the question is asking about proximity indication signalling to a non-SNPN cell. There is no support for connected mode mobility between SNPN and PLMN cells in the SA2 architecture for SNPN.
Operation in SNPNs and non-SNPN cells should be treated as independent. 

	Sony
	No
	We think both autonomous search and Proximity indication are either supported or both are not supported.

	Samsung
	No
	

	vivo
	No
	



Summary 5B: the majority of companies (all but three) believes that no proximity indication is needed for NPN cells in CONNECTED mode. 
Proposal 5B: no proximity indication for NPN cells in CONNECTED mode.
Question 6B: in CONNECTED mode, should the UE implement an autonomous search function of SNPN cells (the question is only relevant for people having answered YES to Question 5B)?
	Answers to Question 6B

	Company
	Yes/No
	Comments

	Huawei
	Yes
	Autonomous search is useful for proximity detection.

	ZTE
	FFS
	If there are enough coordination among the SNPN cells, the autonomous search is not needed, otherwise we shall support autonomous search for the UE to detect available cells as much as possible (especially for the SOHO, residential scenarios, the deployment of this kind of network deployment may be unpredictable).

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



Summary 6B: given the large majority to question 5B, no proposal is made.
Question 7B: in CONNECTED mode, should a range of PCI reserved for SNPN cells be signalled to the UE (the question is only relevant for people having answered YES to Question 6B)?
	Question 7B

	Company
	Yes/No
	Comments

	Huawei
	Yes
	It helps to reduce power consumption.

	ZTE
	Yes
	If autonomous search is needed, we think the PCI reserved for SNPN cells should be signalled to the UE.

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	



In LTE CONNECTED mode, the network can also request the UE to fetch additional information for a particular target cell. The additional information is used to verify whether or not the UE is authorised to access the target PCell and may also be needed to identify handover candidate cell (PCI confusion i.e. when the physical layer identity that is included in the measurement report does not uniquely identify the cell) [36.331]. NR already supports CGI report procedure (see CGI-InfoNR) and the addition would then be related to the membership.
Summary 7B: given the large majority to questions 5B & 6B, no proposal is made.
Question 8B: in CONNECTED mode, should CGI-InfoNR also include whether the UE is allowed to access the target SNPN cell i.e. should NR include the preliminary access check?
	Question 8B

	Company
	Yes/No
	Comments

	Ericsson
	No
	Connected mode mobility is only performed within the same network, i.e within the same SNPN in this case. Since the UE reports the CGI, and since the network knows relationship between CGI and SNPN, there is no need for the UE to provide any authorization info as this information can be deduced from the other information.

Note though that the NID ID(s) may need to be reported by the UE for ANR purposes but that’s a separate issue.

	Nokia
	No
	Not relevant for the use case of SNPN.

	CATT
	No
	The network itself can judge whether the UE can access the cell or not by the reported CGI.

	Futurewei
	No
	Once UE selects a SNPN, NG-RAN should know which cells belong to this SNPN.

	CMCC
	No
	Similar answer as to question 5B.

	OPPO
	No 
	As commented above, this is not relevant for the use case of SNPN at all.

	Huawei
	No
	The network could know the authorization information for connected UE itself.

	DOCOMO
	No
	

	ZTE
	No
	Agree with Ericsson.

	Intel
	No
	

	Qualcomm
	No
	We share Ericsson’s views.

We assume that Rel-16 ANR ensures that source cell node knows list of supported SNPNs of target cell. We recommend that this ANR assumption is captured in the report for this email discussion.

	Sony
	No
	Same view as Ericsson and Qualcomm.

	Samsung
	No
	

	vivo
	No
	



Summary 8B: all companies believe that the preliminary access check is not needed for NPN cells in CONNECTED mode. 
Proposal 8B: no preliminary access check for NPN cells in CONNECTED mode.
4	Conclusion
The proposals made in this document are:
Proposal 1A: no new mechanism is introduced to handle the priority of a frequency layer of a CAG cell on which the UE is camped (beyond what cellReselectionPriority provides in SIB4 and in RRCRelease).
Proposal 2A: the UE can optionally implement an autonomous search function of CAG cells.
Proposal 3A: reserving a PCI range for CAG cells is purely a deployment issue.
Proposal 4A: a PCI range of CAG cells can optionally be signalled to UEs.
Proposal 5A: no proximity indication for CAG cells in CONNECTED mode.
[bookmark: _GoBack]Proposal 8A: no preliminary access check for CAG cells in CONNECTED mode. The Allowed CAG list is provided to the gNB by the AMF. 
Proposal 1B: no new mechanism is introduced to handle the priority of a frequency layer of an NPN cell on which the UE is camped (beyond what cellReselectionPriority provides in SIB4 and in RRCRelease).
Proposal 2B: an autonomous search function of NPN cells is left to UE implementation.
Proposal 3B: reserving a PCI range for NPN cells is purely a deployment issue.
Proposal 4B: discuss whether a PCI range of NPN cells can optionally be signalled to UEs.
Proposal 5B: no proximity indication for NPN cells in CONNECTED mode.
Proposal 8B: no preliminary access check for NPN cells in CONNECTED mode.


