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Introduction
5G network is expected to provide high speed, low latency and ultra-reliable communication capabilities and fulfil the requirements from different industries and users. The enterprise, industry, indoor and outdoor hotspot as well as SOHO and residential deployments are the 5G typical and important application scenarios. 
To support these different scenarios and differentiated services, including the new common service of subscribers and the specific service of the enterprise and vertical industry, different types of cells and base stations will be mixed and be deployed to form a large-scale of hybrid network where some cells provide the common service to allow all users to access, and other certain cells provide the services for limited access with different UE subscriptions including the closed access groups for SOHO and residential, private NR coverage deployments (similar to the LTE CSG concept).
According to TR23.734, Closed Access Group (CAG) has been studied to be applied to non-public networks that are deployed as part of a PLMN. To implement CAG function on the RAN side to satisfy the demands of operators and enhance user experience, the new SI/WI [1][2][3] was proposed to analyze how to support above CAG feature for NG-RAN node with SA, MR-DC, CU-DU split and CP-UP separation architectures, identify the specification impact and conduct the specification work. As per the guidance from chairman at RAN #82, there will be an email discussion on CAG objectives.
In this email discussion, companies are invited to provide views on the following questions until March 1th. 
· Q1: Which scenarios should be taken into account for CAG functionality support? 
· Q2: Which network architectures should be taken into account for CAG functionality support?
· Q3: Which access modes should be taken into account for CAG functionality support?
· Q4: Which mobility functions should be taken into account for CAG functionality support?
· Q5: Which objective or functionality should have higher priority to be taken into account in Rel.16 ? 
· Q6: Any other issues need to be considered?

We hope the objectives for this CAG topic can be converged through this email discussion.
Email discussion on CAG objectives
Q1: Which of scenarios should be taken into account for CAG functionality support?
In this subsection, companies are invited to provide views on the scenarios for CAG functionality support, e.g. vertical and LAN services, the indoor hotspot (including the enterprise/SOHO deployments), outdoor hotspot, the residential/private coverage deployments.
Table 1: Views on scenarios for CAG functionality support
	Companies
	Answers
	Comments

	China Telecom
	vertical and LAN services, the indoor hotspot (including the enterprise/SOHO deployments), outdoor hotspot, the residential/private coverage deployments should be considered.
	All these scenarios are important for 5G NR deployment, especially for the vertical domain and the enterprise/SOHO deployment which provide the chance for operators creating new revenue streams by providing the differentiated services. 

	Orange
	Home & B2B (SoHo, large enterprise) for both eMBB and Verticals
	For Home & B2B, similar mechanisms as currently used in 3G / 4G are needed, i.e. means to control the access to the cell with a choice of “private”, “hybrid” and “open” modes. 

	KDDI
	the indoor hotspot, the residential/private coverage deployments
	We agree with China Telecom that all scenarios are 5G NR deployment. We think the indoor hotspot and the residential/private coverage deployments are better match to the CSG. 

	Deutsche Telekom
	It should not be restricted to a particular deployment. 
	Requirements are diverse, and all should be addressed. In particular also a huge number of “closed” cells should be supported as for the LTE CSG concept.

	BT
	Indoor coverage (small cells for residential and enterprise), vertical industry, public safety emergency services 
	In view of LTE CSG, 5G should have equivalent capability to allow 5GS to support a much wider range of use cases

	KT
	Vertical and LAN service for Enterprise users
	All scenarios can be considered. However, we would like to initially narrow the scope for Enterprise users on Vertical and LAN services

	Telefonica
	B2B (industry, private campus, SoHo); verticals, public administration,
	Enabling similar LTE CSG capabilities supporting new use cases mainly focused on indoor/private hotspots.

	TIM
	Enterprise/SOHO deployments, indoor/outdoor hotspots, residential/private coverage deployments.
	We think it is important to address as many use cases as possible as promised by 5GS, with their own diverse requirements.

	Vodafone
	Support single cell, multi-cell/site (indoor/outdoor, including continuous clusters and non-contiguous cells within same CAG). Cover small medium large B2B, and B2C use cases.
	

	Telstra
	Agree with China Telecom
	All scenarios where 5G NR is deployed will be applicable. If time is a constraint, indoor scenarios and LAN Services for enterprise should have a higher priority.

	CMCC
	Support vertical industry and LAN services, enterprises and the residential/private coverage deployments
	To satisfy the specific services requirements of vertical, enterprises, etc, it is beneficial to consider creating many logical networks in a common physical network. These logical networks may only allow the users who are subscribed to the service to access. CAG-like approach or slice can be adopted to implement this functionality. It should be studied the relationship between CAG and slice, whether it is complementary or conflict with each other. Slice can somehow implement the functionality that CAG admits, and moreover, CAG can also be created within a slice that one cell supported.

	Verizon Wireless
	Enterprise/SOHO, B2B, Venues (stadiums, convention centers, etc.), indoor/outdoor hotspots, private deployments (private campus etc) 
	Enable wide variety of diverse deployments/applications. Different CAG policies may be applied for different usages/applications. Also it is desired to identify some major categories from technology and performance perspective.

	Sprint
	No deployment restrictions
	Should support time sensitive networking and industrial control, for example, real-time, closed-loop robotic control, video driven machine human interaction.
Should support non-real-time industrial control within factories, for example, tracking products and inventory, remote inspection and diagnosis, non-real time sensor data.
Should support 5G enterprise local area network with high security requirements.
Should support UEs being registered in a private network, roaming, mobility and service continuity between PLMN and private network.




Q2: Which of network architectures should be taken into account for CAG functionality support?
[bookmark: OLE_LINK21][bookmark: OLE_LINK22]In this subsection, companies are invited to provide views on the network architectures for CAG functionality support, 
Q2.1 which of network architectures (e.g. SA, MR-DC, EN-DC, CU/DU, CP/UP) should be taken into account?

Table 2: Views on network architectures for CAG
	Companies
	Answers
	Comments

	China Telecom
	SA, MR-DC, CU/DU, and CP/UP architectures should be considered.
	SA, MR-DC, CU/DC and CP/UP are the important and typical NR deployment architectures, CAG should be implemented in these network architectures.

	Orange
	SA, MR-DC, EN-DC, CU-DU
	For DC scenarios, the priority is to apply a CAG policy to PCell (the one with the CP). No necessity to have a hybrid case with different CAG policies between PCell and PScell / SCell.

	KDDI
	SA, MR-DC, CU/DU, and CP/UP architectures should be considered.
	Our understanding is that EN-DC is included in MR-DC, is it correct? 

	Deutsche Telekom
	SA (incl. CU/DU and CP/UP splits), MR-DC (incl. EN-DC)
	EN-DC is covered by CSG concept as LTE is the Master-eNB.

	T-Mobile
	not interested in MR-DC options
	T-Mobile USA is not pursuing MR-DC options such as 7 and 4

	BT
	SA/MR-DC including CU/DU split, CP/UP split
	EN-DC should leverage LTE CSG

	KT
	SA, MR-DC, CU/DU, and CP/UP
	Agree with KDDI that EN-DC is included in MR-DC

	Telefonica
	SA, MR-DC, EN-DC (CU/DU, CP/UP splits)
	We Agree with BT and DT on EN-DC (LTE CSG) point of view

	TIM
	SA NR (incl. CU/DU and CP/UP splits), LTE/5GC, MR-DC with 5GC.
	We think it is important to distinguish between EPC-based architectures (i.e. EN-DC) and 5GC-based ones (both SA and NSA). The WID in [3] specifically refers to NG-RAN which, by definition, encompasses all architecture options based on 5GC. Furthermore, we should consider the discussion in SA2 where CAG is for 5GS only. For EPS, in fact, SA2 is considering extensions/enhancements of existing frameworks (e.g. SPID/RFSP).

	Vodafone
	SA, EN-DC with EPC, MR-DC - (including CU/DU and CP/UP splits).
	Whether EN-DC with EPC is fully covered by LTE CSG concept should be confirmed, especially considering eNB-gNB interactions.

	Telstra
	SA, MR-DC, EN-DC, CU-DU
	Agree with Orange

	CMCC
	Standalone, MR-DC should be considered, and also taking into account CU-DU split and CP-UP separation architecture
	Architectures options based on 5GC should be considered. Whether EN-DC reuse CSG concept in LTE should also be evaluated.

	Verizon Wireless
	EN-DC, SA NR (with CU/DU and CP/UP splits), MR-DC with 5GC
	First evaluate LTE CSG covers EN-DC scenario with CU/DU and CP/UP splits completely. Any gaps in LTE-CSG coverage for EN-DC should be dealt first in early CAG phase. Then CAG should focus on SA NR, MR-DC architectures with CU/DU and CP/UP splits. For DC scenarios (MR-DC and EN-DC), CAG policies should be controlled by MN. Different CAG policies may be applied for different usages/applications.

	Sprint
	SA and MR-DC (including EN-DC), including CU-DU and CP/UP splits.
	Architecture should be local area network, including both RAN and core elements.  Edge compute nodes should be deployed to reduce latency



Q2.2 Shall the non-standalone NPN have the high priority compared with the standalone NPN, or both non-standalone and standalone NPN have the same priority in this WI/SI?
Note: the non-standalone NPN refers to non-public networks deployed as part of a PLMN.
Table 3: Views on the priority for the non-standalone and standalone NPN
	Companies
	Answers
	Comments

	China Telecom
	The non-standalone NPN should have the higher priority.
	From the point of operator view, we prefer the non-public networks deployed as part of a PLMN. However if we consider that NPN and CAG schemes may have some similar effects on the specification modification, we think it make sense that NPN and CAG are jointly considered for RAN standardization.

	Orange
	Non-Standalone NPN is a higher priority vs. Stand-alone NPN
	CAG is a particularly useful feature to manage access control on non-standalone NPN sharing the same PLMN as the public network from the operator

	KDDI
	No strong preference 
	

	Deutsche Telekom
	Focus on Non-Standalone NPN
	Solutions should not be that different.

	BT
	Non-standalone NPN should have higher priority
	

	KT
	Non-Standalone NPN
	Non-standalone NPN should have the higher priority

	Telefonica
	Non-standalone NPN  should be prioritized
	

	TIM
	Non-standalone NPN is of higher priority for operators.
	Agree with China Telecom, Orange and Deutsche Telekom.

	Vodafone
	Non-standalone NPN CAG should be prioritized.
	Seems CAG for standalone NPN is still FFS in SA2.

	Telstra
	Agree with Orange
	

	CMCC
	Non-Standalone NPN is a higher priority 
	To provide public and non-public access using a common PLMＮnetwork is an important scenario for operators

	Verizon Wireless
	Non-standalone NPN  should be prioritized
	CAG on Non-standalone NPN seems an attractive feature that allows operators to manage access control for several use case scenarios. It should be possible to use same or different PLMN-ID in a non-standalone NPN. Non-standalone NPN could also be potentially easier to develop.

	Sprint
	NSA first, then SA
	




Q3: Which access modes should be taken into account for CAG functionality support?
In this subsection, companies are invited to provide views on the access modes for CAG functionality support, e.g. close access mode, hybrid access mode.
Table 4: Views on access modes for CAG
	Companies
	Answers
	Comments

	China Telecom
	The close/hybrid access mode should be considered.
	The close access mode is the basic condition for operator providing user differentiated services and hybrid access can help to prioritize capacity for a specific enterprise.

	Orange
	All 3 modes “closed / hybrid / open” to be considered
	Similar mechanisms as currently used in 3G / 4G are needed

	KDDI
	The close/hybrid access mode should be considered.
	Agree with China Telecom’s comment.

	Deutsche Telekom
	Closed and Hybrid mode 
	

	BT
	Closed and hybrid mode
	

	KT
	Close/Hybrid
	All should be considered with priority on close access mode

	Telefonica
	Closed and hybrid mode
	

	TIM
	Closed and Hybrid modes.
	Agree with China Telecom, KDDI, Deutsche Telekom.

	Vodafone
	Closed mode for 5GC. 
Confirm that closed and hybrid modes can be used with EN-DC with EPS.
	Hybrid mode seems to duplicate somewhat with network slicing functionality for 5GC.

	Telstra
	Both Closed and Hybrid access modes should be considered
	

	CMCC
	Closed and Hybrid modes.
	

	Verizon Wireless
	Closed and Hybrid modes should be considered
	Agree with China Telecom’s comment.

	Sprint
	Closed and hybrid access modes
	Closed mode should be prioritized



Q4: Which mobility functions should be taken into account for CAG functionality support?
In this subsection, companies are invited to provide views on the mobility functions for CAG functionality support, e.g. inbound handover to CAG cell, out bound handover from CAG cell, handover between CAG cells, handover restriction, automation specific with regard to changing CAG topology.

Table 5: Views on mobility functions for CAG
	Companies
	Answers
	Comments

	China Telecom
	All mobility functions listed above should be considered.
	The mobility functions are the key features for CAG and have the direct impact on user's CAG network experience.

	Orange
	all mobility functions to be supported
	

	KDDI
	All mobility functions listed above should be considered.
	

	Deutsche Telekom
	All mobility functions listed above should be considered.
	Both for connected mode (incl. inactive) and idle mode mobility.
In-bound and out-bound inter-RAT mobility to/from LTE needs to be defined as well.

	BT
	All mobility functions listed above should be considered.
	

	KT
	All mobility functions listed above should be considered
	

	Telefonica
	All mobility functions listed above should be considered.
	

	TIM
	All mobility functions listed above should be considered.
	As we think the focus should be on the 5GC-based architectures, RRC_INACTIVE mobility aspects should also be considered. Furthermore, in-bound inter-RAT mobility (e.g. handover between a LTE/5GC cell towards a CAG NR SA cell and vice versa) as well as in-bound mobility in MR-DC with 5GC scenarios should be clearly specified (in our understanding out-bound handover should be not so critical, basically following the existing procedures).

	Vodafone
	All mobility types
	Some LTE functions such as manual search and autonomous searching may need to be reviewed before being copied.

	Telstra
	Agree with Orange
	

	CMCC
	All mobility functions listed above should be considered.
	

	Verizon Wireless
	All possible mobility functions should be supported
	The mobility function list above might be partial. All possible mobility scenarios should be supported in CAG context without any limitation including intra-RAT, inter-RAT, IFHO etc. CAG functionality should not bring any limitation to mobility in general as defined in 3GPP for 5GNR. It is particularly important to allow interworking among LTE and NR CSG as CAT-M and NB-IoT going to be a major part of massive MTC support for NR.

	Sprint
	All mobility functions listed above should be considered
	



Q5: Which CAG objectives or functionality should have higher priority to be taken into account in Rel.16 ?
In this subsection, companies are invited to provide views on the priority of CAG objective or functionality support in Rel.16 in order to promote the WI/SI progress effectively.
Table 6: Views on CAG objective and functionality priority
	Companies
	Answers
	Comments

	China Telecom
	CAG access mode and mobility functionality support based on SA and EN-DC should be considered firstly, CAG functionality support for other architectures (MR-DC, CU/DU, CP/UP) can be considered in the next step.
	If time is limited, we prefer to finish CAG functionality based on the integration SA/EN-DC architectures firstly, in the next step we can consider CAG functionality support for other architectures (MR-DC, CU/DU, CP/UP). For the integration SA/EN-DC architectures, the scenarios and mobility functions listed above should be considered.


	Orange
	EN-DC and SA are the top priorities for architecture.
Closed mode is a higher priority than hybrid.
	

	KDDI
	Agree with China Telecom.
	

	Deutsche Telekom
	SA first, no need for EN-DC (can use CSG), CU/DU & CP/UP split to be considered from the beginning
	

	BT
	SA and MR-DC assuming EN-DC can leverage LTE CSG.  All mobility functions (in 2.4) should be supported. 
	If time is limited, CAG for SA should come first

	KT
	CAG for EN-DC
	CAG for EN-DC in Release-16. CAG for SA should follow after the completion of EN-DC

	Telefonica
	SA and MR-DC (closed mode) are the top priorities.
	

	TIM
	LTE/5GC and SA NR (incl. CU/DU and CP/UP splits). MR-DC with 5GC as a secondary priority.
	We think that MR-DC with 5GC architectures will exploit features to be specified for LTE/5GC and NR SA (with CU/DC and CP/UP since the beginning).

	Vodafone
	Same as Orange, but with EN-DC focus on EPC connectivity.
	

	Telstra
	Agree with China Telecom
	

	CMCC
	SA and EN/DC should be the first priority. If time allow, MR-DC and CU-DU split and CP-UP separation architecture can be considered
	

	Verizon Wireless
	EN-DC, SA and MR-DC (with CU/DU and CP/UP splits)
	If time is limited, prioritize EN-DC with CU/DU and CP/UP split (assuming LTE CSG does not fully cover EN-DC with CU/DU and CP/UP splits completely), then SA with MR-DC. Any gaps in LTE-CSG coverage for EN-DC should be dealt first in early CAG phase. Then prioritize SA with MR-DC with CU/DU and CP/UP splits. 

	Sprint
	EN-DC and SA should be first priority.
	The following functionalities of CAG should include in Rel. 16:
1. A CAG ID uniquely identifies a CAG in a PLMN
1. New SIB information for a PLMN broadcasted to support a CAG: 
1. CAG indication identifying the cell as a Closed Access Group cell
1. CellReservedForOtherUse indication to prevent non-supporting UEs from accessing the cell
1. CAG ID
1. UE maintains a white list of CAG ID and shall automatically select and attempt to register via a CAG cell whose identity is contained in the white list
1. UE configured to only access CAG cells are not allowed to register via non-CAG cells of any PLMN
1. Subscription contains the list CAGs the UE is entitled to access.  Subscription should also contain the indication whether the UE is only allowed to access CAG cells



Q6: Any other issues need to be considered?
In this subsection, companies are invited to provide views on other issues to be considered if any.
	Companies
	Answers
	Comments

	Deutsche Telekom
	yes
	Camping in limited services state on CAG should be discussed
Support of Emergency calls should be discussed
Addressing structure for CAG should be discussed together with SA1/SA2

	Verizon Wireless
	yes
	Agree with above comment from D.T. 
In addition, we also should consider fall back scenarios. i.e. if this CAG fails, how do we gracefully fall back?

	
	
	




[bookmark: _GoBack]Summary

There are total 14 operators who participated and provided their constructive input in the email discussion.
In the below, the summaries of email discussion on each question are provided:
For Q1 on CAG scenarios, most operators believe that 5G CAG should support as many use cases as possible, these use cases should include both LTE CSG supported use cases (such as the residential and enterprise eMBB services, 12 interested operators) and 5G new use cases (such as Vertical and LAN services, 13 interested operators). The public safety emergency services were also needed by 3 operators. From a technical point of view, 5G CAG should be extended on LTE CSG to support a much wider range of use cases. There may be not much technical difference between these use cases. But we should keep these use cases in mind and take a wider view to carry out our CAG standardization work.
For Q2.1 the network architectures considered for CAG functionality support, most of operators thought SA NR including CU/DU and CP/UP splits (14 interested operators) and MR-DC with 5GC (13 operators) should be taken into account. For EN-DC with EPC, whether EN-DC with EPC is fully covered by LTE CSG concept should be confirmed, especially considering eNB-gNB interactions.
For Q2.2 the priority consideration of standalone and non-standalone NPN, 92% (12/13) of operators thought the non-standalone NPN should have the higher priority. 
For Q3 on access mode for CAG, all participants (13 operators) thought the closed and hybrid access mode should be supported. Whether the hybrid mode can be implemented by other technics, such as slicing, should be studied and confirmed.
For Q4 on mobility function support for CAG, all of participants (13 operators) thought all mobility functions listed should be considered.
For Q5 on the priority of CAG objectives, most of operators (12 operators) thought SA and EN-DC with EPC should have higher priority. If we confirm that EN-DC with EPC can fully leverage LTE CSG, we can focus on CAG for SA (incl. CU/DU and CU/UP splits). CAG for MR-DC with 5GC should follow after the completion of SA. Closed mode is a relatively higher priority than hybrid.
For Q6, DT proposes that camping in limited services state on CAG and the support of Emergency calls should be discussed and addressing structure for CAG should be discussed together with SA1/SA2. Verizon proposes the CAG fall back scenarios should be taken into account.
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