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1	Decision/action requested
The group is asked to discuss and endorse the proposal
2	References
[1]	3GPP TS 28.541 “5G Network Resource Model (NRM)”
[2]	S5-193273 Correction of RRMPolicy (Ericsson CR around policy placement, SA5#125) 
[3]	S5-19xxxx TD radio resource management policy (Nokia TD in LA, SA5#125))
[4]	S5-194259 TD radio resource management policy (Nokia TD in Sapporo)
[5]	S5- S5-194458d LS on radio resource management policy (LS to RAN2/3 in Sapporo)
[bookmark: _Toc532898149]3	Rationale
This discussion paper is around how to reorganize/redefine the RRM Policy’s defined in TS 28.541 [1]. In last meeting Nokia presented a discussion paper in S5-194259 [3] how to reorganize the RRM Policy(s), based on CR proposals from Ericsson and Huawei. This discussion paper continues this discussion started in [4], it analyses current RRM Policy’s, it discusses the RRM Policy’s requirement for 5G, and discuss and propose a way forward. 

Current status/issues of the RRM Policy’s in TS 28.541:
· The policy “resource group” is today defined as a list of S-NSSAI’s. Its relation to PLMNId is today missing, partly discussed in Nokia paper [3, 4]. 
· RRM Policies to be defined based on PLMNIds, not including S-NSSAIs. Discussed in [3, 4].
· The RRM Policies are today defined on NRCellCU, not supporting gNB split scenarios. Discussed in [2, 4, 5]
· There exist 3 different RRM Policies identified by the rRMPolicyType attribute. How those policy’s works differ between the 3. Some alignment between the 3 policies have started (use of the same attributes etc.). In the discussion paper from Nokia [4] two policies proposed to be merged, to “clean up” the NR NRM. It was also discussed if one policy could be OK. 
· The members of a “resource group” is defined as a list, as well as “list in lists”
· How to select the resource for the RRMPolicy missing (type of resources PRB, PDCP, Number of Users etc)


Wanted behaviour for a 5G RRM Policy in TS 28.541:
· Must be generic to support today and future needs
· Support all gNB deployment scenarios (non-split, split)
· Must be “easy” for the “consumer” to configure and modify
· To support the configuration possibilities defined for NRCells (DU, CU) and gNB Functions (GNBDU, GNBCUCP, GNBCUUP). 


PLMNId 
The relation between S-NSSAI and its related PLMNId needs to support the possible NRCellDU configurations defined in TS 38.331. A NRCellDU can support up to 12 PLMNIds, each of the PLMNId can have its associated list of supported S-NSSAIs. Note that a S-NSSAI value is unique within a PLMN. The “resource member groups” within a cell can consequently be derived in many ways based on operator requirements, examples of “resource member groups” are:
· PLMN=A and PLMN=B or PLMN=(A+B) and PLMN=(C+D) 
· Here a “resource group” is a PLMNId or a group of PLMNIds
· SNSSAIList=A and SNSSAIList=B
· Here a “resource group” is a SNSSAIList, those SNSSAILists can be defined without specifying PLMNId, or they need to be specified in the same PLMN
· PLMN=A with SNSSAIList=A and PLMN=B with SNSSAIList=B
· A “resource group” is defined as a SNSSAIList in a PLMN
According to previous discussions, radio resources can be shared between operators without slices, between network slices of same operator, and between slices among multiple operators. To simplify the policy design, the same structure is proposed to all use cases. 
Observation 1: A “resource group” can be defined per PLMNId, per group of PLMNIds, per S-NSSAI, per group of S-NSSAIs, or per group of S-NSSAIs per PLMNId as examples.

LISTS IN LISTS
The current standard could be enhanced by using lists in lists (i.e. a list of PLMN ids each containing a list of S-NSSAIs. However, management using lists in lists are often cumbersome since often either all entries in the list have to be written at update or complex index handling is needed. There is also no reuse of entries in a list, where all entries need to be individually defined. This kind of structures should therefore preferably be avoided. 
Observation 2: List in lists should be avoided, when they are difficult to manage by the consumer.

GNB  DEPLOYMENT SCENARIOS
All gNB deployment scenarios needs to be supported for all RRM Policy. We need to identify what resource(s) should be controlled by CU (CU/CUCP/CUUP), and what resource(s) should be controlled by DU. Today NRCellCU, NRCellDU and GNBCUUPFunction are considered [5], in future possible also GNBDUFunction and GNBCUCPFunction.
Observation 3: For all gNB deployment scenarios, it must be possible to assign the RRM Policies to the correct “ResourceDomain” (NRCellDU / NRCellCU) or “ResourceFunction” (GNBCUCPFunction /GNBCUUPFunction and GNBDUFunction).


Proposal 1: 
This proposal is very much in line with Nokia DP [4] in Sapporo when it comes to merging the existing policies (here it is proposed to only have one), and to support also gNB split deployment scenarios. Here, in addition we also propose to address the observations described above and to create a more “generic” solution for RRM Policy that cleans up TS 28.541. 
A. Refine RRM Policy definition
Enhancements to the RRM policy model are proposed.
Combine the existing RRM policies into RRMPolicyRatio, which support radio resource sharing between either sNSSAIs List or PLMNs List, or between sNSSAIs List inside a PLMN for different types of RRM resources.
In the following we use the term “Partition”, in the 3 IOC names to the right in figure. A ResourcePartition consist of ResourcePartitionMember(s) that will have its policies defined by RRMPolicy. Example: ResourcePartitionMember=A will have 25% and ResourcePartitionMember=B will have 45%, the resource is defined by RRMPolicyResource IOC.
 The figure below shows the added IOCs:
· RRMPolicyRatio IOC (inheriting from the abstract IOC RRMPolicy) adds the resources % to each ResourcePartition
· RRMPolicyResource IOC specify the RRM resource of interest (example: PRB, Number of users, PDCP)
· ResourcePartitionMember IOC defines the members in a ResourcePartition (example: a list of S-NSSAIs)
· ResourcePartition IOC holds the ResourcePartitionMembers (example: two S-NSSAIs lists) 
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Figure 4.2.1.1-x: NRM for RRM Policies
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Figure 4.2.1.1-y: Policy inheritance

4.3.36	RRMPolicyRatio
NOTE: This RRMPolicyRatio IOC defined here, replaces existing datatype definitions for RRMPolicyRatio <<dataType>> [4] / RRMPolicyRatio2 <<dataType>> [1].

4.3.36.1	Definition
This IOC represents the properties of RRMPolicyRatio. The RRM policy setting the ratios for the split of the Radio resources between the supported Resource Partitions in average over time. RRMPolicyRatio contains five attributes. Four of them specify the percentage of radio resources to be allocated to the corresponding Resource Partition. The attribute rRMPolicyMaxRatio defines the maximum resource limitation for the Resource Partition. The attribute rRMPolicyMarginMaxRatio defines the safety margin that allows for maximum float limit use with other Resource Partitions borrowing free resources while keeping safety margin to ensure that resources are available for quota specific Resource Partition. The attribute rRMPolicyMinRatio defines the minimum resource limitation for the Resource Partition. The attribute rRMPolicyMarginMinRatio defines the safety margin that allows for minimum float limit use with other Resource Partitions borrowing free resources while keeping safety margin to ensure that resources are available for quota specific Resource Partition. The resourcePartitionsRef attribute is a pointer to the ResourcePartition.
4.3.36.2	Attributes
	Attribute name
	Support Qualifier
	isReadable
	isWritable
	isInvariant
	isNotifyable

	quotaType
	M
	T
	T
	F
	T

	rRMPolicyMaxRatio
	M
	T
	T
	F
	T

	rRMPolicyMarginMaxRatio
	O
	T
	T
	F
	T

	rRMPolicyMinRatio
	M
	T
	T
	F
	T

	rRMPolicyMarginMinRatio
	O
	T
	T
	F
	T

	Attribute related to role
	
	
	
	
	

	resourcePartitionRef 
	M
	T
	T
	F
	T



4.3.a	RRMPolicyResource
4.3.a.1	Definition
This IOC represents the resource shared for the ResourcePartition. The type of resource depends on the associated ManagedFunction (GNBCUUP/GNBCUCP) or ResourceDomain (NRCellDU/NRcellCU). Example is PRB, Number of users, PDCP etc.
4.3.a.2	Attributes
	Attribute name
	Support Qualifier
	isReadable
	isWritable
	isInvariant
	isNotifyable

	resourceType
	M
	T
	T
	T
	F

	Attribute related to role
	
	
	
	
	

	
	
	
	
	
	




4.3.d	ResourcePartitionMember
4.3.d.1	Definition
This IOC represents the members that will be part of a ResourcePartition group. It represents consumers that will share the resources assigned to the associated ResourcePartition.
4.3.d.2	Attributes
	Attribute name
	Support Qualifier
	isReadable
	isWritable
	isInvariant
	isNotifyable

	pLMNIdList
	CM
	T
	T
	F
	T

	sNSSAIList
	CM
	T
	T
	F
	T


NOTE:	Allowed combinations TBD. See examples under “Observation 1” in this discussion paper.

4.3.36.3	Attribute constraints
	Name
	Definition

	pLMNIdList Support Qualifier
	Condition: RRM Policy for PLMN sharing feature is supported.

	sNSSAIList Support Qualifier
	Condition: RRM Policy for Network slicing sharing feature is supported.




4.3.c	ResourcePartition
4.3.c.1	Definition
This IOC represents the ResoucePartition, representing one or more ResourcePartitionMembers defined in the ResourcePartitionMember IOC. It groups consumers of an assigned amount of resources based on settings in RRMPolicy (here realized by RRMPolicyRatio).
4.3.c.2	Attributes
	Attribute name
	Support Qualifier
	isReadable
	isWritable
	isInvariant
	isNotifyable

	resourcePartitionName
	O
	T
	T
	F
	T

	Attribute related to role
	
	
	
	
	

	
	
	
	
	
	






B. Update NRCellCU definition
The actual policy handling is moved out from the NrCellCU. If an RRM policy handling is wanted, then the new child IOC RRMPolicyResource with its RRMPolicyRatio (RRMPolicy) shall be created and used for RRM policy handling of that resource (defined by resourceType). Hence no attributes are needed in NRCellCU. 
Remove rRMPolicy, rRMPolicyType, rRMPolicyRatio2, rRMPolicyRatio and rRMPolicyNSSIId in NRCellCU.
[bookmark: _Toc10555516]4.3.4	NRCellCU
[bookmark: _Toc10555517]4.3.4.1	Definition
This IOC represents the information required by CU that is responsible for the management of inter-cell mobility and neighbour relations via ANR. 
4.3.4.2	Attributes
	Attribute name
	Support Qualifier
	isReadable
	isWritable
	isInvariant
	isNotifyable

	cellLocalId
	M
	T
	T
	F
	T

	pLMNIdList
	M
	T
	T (Note)
	F
	T

	sNSSAIList
	CM
	T
	T
	F
	T

	rRMPolicyType
	CM
	T
	T
	F
	T

	rRMPolicyNSSIId
	CM
	T
	T
	F
	T

	rRMPolicyRatio
	CM
	T
	T
	F
	T

	rRMPolicyRatio2List
	CM
	T
	T
	F
	T

	rRMPolicy
	CM
	T
	T
	F
	T

	Attribute related to role
	
	
	
	
	

	Note: Whether the attribute "pLMNIdList" can be writable depends on the implementation.



NOTE 1:	 Void.
NOTE 2: 	Void.
[bookmark: _Toc10555519]4.3.4.3	Attribute constraints
	Name
	Definition

	sNSSAIList Support Qualifier
	Condition: Network slicing feature is supported.

	rRMPolicyRatio2List Support Qualifier
	Condition: Network slicing feature is supported and rRMPolicyType is 2.

	rRMPolicyType Support Qualifier
	Condition: RRM policy for network slicing feature is supported.

	rRMPolicyNSSIId Support Qualifier
	Condition: RRM policy for network slicing feature is supported and rRMPolicyType is 1.

	rRMPolicyRatio Support Qualifier
	Condition: RRM policy for network slicing feature is supported and rRMPolicyType is 1.

	rRMPolicy Support Qualifier
	Condition: RRM policy for network slicing feature is supported and rRMPolicyType is 0.


[bookmark: _Toc10555520]4.3.4.4	Notifications
The common notifications defined in subclause 4.5 are valid for this IOC, without exceptions or additions.


C. Update NRCellDU definition 
The actual policy handling is moved out from the NrCellDU. If an RRM policy handling is wanted, then the new child IOC RRMPolicyResource with its RRMPolicyRatio (RRMPolicy) shall be created and used for RRM policy handling of that resource (defined by resourceType). Hence no attributes are needed in NRCellDU. 

4.3.5	NRCellDU
[bookmark: _Toc10555522]4.3.5.1	Definition
This IOC represents the information of a cell known by DU. The procedure for cell setup is initiated from the DU, thus requiring a notion of a cell. The DU owns the resources realizing the cell, thus requiring a notion of a cell owning the specific resources instances. 
[bookmark: _GoBack]An NR cell transmits SS/PBCH block and always requires downlink transmission at a certain carrier frequency with a certain channel bandwidth. Transmission may be performed from multiple sector-carriers using different transmission points, and these may be configured with different carrier frequencies and channel bandwidths, as long as they are aligned to the cell's downlink resource grids as defined in subclause 4.4 in TS 38.211 [32]. The values of arfcnDL and bSChannelBwDL attributes define the resource grids which each sector-carrier needs to be aligned to. See subclauses 5.3 and 5.4.2 of TS 38.104 for definitions of BS channel bandwidth and NR-ARFCN, respectively.
An NR cell requires an uplink in order to provide initial access. In case of TDD, the values of arfcnUL and bSChannelBwUL have to always be set to the same values as for the corresponding DL attributes. For both FDD and TDD, the arfcnUL and bSChannelBwUL define uplink resource grids to which each sector-carrier needs to align to.
An NR cell can in addition be configured with a supplementary uplink, which has its own arfcnSUL and bSChannelBwSUL, which define resource grids for supplementary uplink sector-carriers.
Each of downlink, uplink and supplementary uplink (if configured) need an initial bandwidth part (BWP), which defines resources to be used by UEs during and immediately after initial access. Additional BWPs can be either configured or calculated by gNB internally and be applied to UEs dynamically by gNB based on e.g. UE capability and bandwidth need of each UE.


D. Update GNBCUUPFunction definition 
If an RRM policy handling is wanted, then the new child IOC RRMPolicyResource with its RRMPolicyRatio (RRMPolicy) shall be created and used for RRM policy handling of that resource (defined by resourceType). Hence no attributes are needed in GNBCUUPFunction. 

[bookmark: _Toc10555511]4.3.3	GNBCUUPFunction
[bookmark: _Toc10555512]4.3.3.1	Definition
This IOC represents the logical function CU-UP of gNB or en-gNB defined in 3GPP TS 38.401 [4].
The following table identifies the necessary end points required for the representation of gNB and en-gNB, of all deployment scenarios.
	Req

Role
	End point requirement for 3-split deployment scenario
	End point requirement for 2-split deployment scenario
	End point requirement for Non-split deployment scenario

	gNB 
	<<IOC>>EP_XnU, <<IOC>>EP_NgU, <<IOC>>EP_F1U, <<IOC>>EP_E1.
	<<IOC>>EP_XnU, <<IOC>>EP_NgU, <<IOC>>EP_F1U.
	<<IOC>>EP_XnU, <<IOC>>EP_NgU.

	en-gNB
	<<IOC>>EP_X2U, <<IOC>>EP_S1U, <<IOC>>EP_F1U, <<IOC>>EP_E1.
	<<IOC>>EP_X2U, <<IOC>>EP_S1U, <<IOC>>EP_F1U.
	<<IOC>>EP_X2U, <<IOC>>EP_S1U.


[bookmark: _Toc10555513]4.3.3.2	Attributes
	Attribute name
	Support Qualifier
	isReadable
	isWritable
	isInvariant
	isNotifyable

	pLMNIdList
	M
	T
	T
	F
	T

	gNBId
	M
	T
	T
	F
	T

	gNBIdLength 
	M 
	T
	T
	F
	T


[bookmark: _Toc10555514]4.3.3.3	Attribute constraints
None.
[bookmark: _Toc10555515]4.3.3.4	Notifications
The common notifications defined in subclause 4.5 are valid for this IOC, without exceptions or additions.



[bookmark: _Toc10555681]E. Update Attribute definition 
A draft update of the required attribute changes that is needed. 5 new attributes proposed, 6 attributes to be removed. Note: The summary below only includes/shows the attributes related to RRM Policy. (the rest has been removed for simplification). (The Notes to be “moved” into text in new attributes, TBD)

[bookmark: _Toc10555682]4.4	Attribute definitions
4.4.1	Attribute properties
	Attribute Name
	Documentation and Allowed Values
	Properties

	ResourcePartitionMember.pLMNIdList
	It defines the list of PLMN(s) to be included in the member list.

allowedValues: 


	type: PLMNId
multiplicity: 1..16
isOrdered: N/A
isUnique: True
defaultValue: None
isNullable: False

	ResourcePartitionMember.sNSSAIList
	It defines sNSSAIs to be included in the member list.

allowedValues: 

	type: S-NSSAI
multiplicity: 1..*
isOrdered: N/A
isUnique: True
defaultValue: None
isNullable: False


	resourcePartitionRef
	

A pointer to the resourcePartition.

allowedValues: 

	type: DN
multiplicity: 0..1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False


	resourceType
	
The resourceType to be used for RRMPolicy.

allowedValues:  PRB, Number of Users, PDCP, …..

	type: String
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False


	resourcePartitionName
	
Description of the resource partition, for example eMBB. 

allowedValues: 
	type: String
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False


	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	rRMPolicyType
	Type of the RRM policy. 
The value 0 denotes use of the rRMPolicy. 
The value 1 denotes use of the rRMPolicyNSSIId, rRMPolicyRatio
The value 2 denotes use of the rRMPolicyRatio2.

allowedValues: 0 : 65535.

	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False

	rRMPolicyNSSIId
	The list of S-NSSAIs  for which a rRMPolicyRatio value is specified

allowedValues: Not applicable.



	type: DN
multiplicity: 1..*
isOrdered: N/A
isUnique: N/A
defaultValue: None
allowedValues: N/A
isNullable: False


	[bookmark: _Hlk4400177]rRMPolicyRatio
	!!The RRM policy setting the ratio for the split of the Radio resources between the supported S-NSSAI lists A S-NSSAI list is defined in rRMPolicyNSSIId. rRMPolicyRatio is the list of target percentage values assigned to the corresponding rRMPolicyNSSIId values. Every value specifies the percentage of PRBs to be allocated to the corresponding S-NSSAIs, in average over time. The sum of the values shall be less or equal 100.

[bookmark: _Hlk4400200]allowedValues: 
0 : 100

See NOTE 3 and NOTE 4.

	type: Integer
multiplicity: 1..*
isOrdered: N/A
isUnique: N/A
defaultValue: None
allowedValues: N/A
isNullable: False

	rRMPolicyRatio2List
	The attribute specifies a list of RRMPolicyRatio2 which is defined as a datatype. The attribute is used to set the ratios for the split of the Radio resources between the sNSSAILists for radio resources (e.g. RRC connected users, PDCP resource, etc.) in average time (see NOTE 2 and NOTE 3). 

The sum of the values included in the item of rRMPolicyRatio2 shall be less or equal 100 (see NOTE 4).

allowedValues: Not applicable.

	type: RRMPolicyRatio2
multiplicity: 1..*
isOrdered: N/A
isUnique: N/A
defaultValue: None
allowedValues: N/A
isNullable: False

	groupId
	The attribute identifies one sNSSAIList group inside NRCellCU. The rRMPolicyRatio2 is configured for each group. The value of the groupId is unique inside one NRCellCU instance
	type: Integer
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
allowedValues: N/A
isNullable: False


	quotaType
	The attribute indicates the type of the quota which allows to allocate resources as strictly usable for defined slice(s) (  “strict quota”) or allows that resources to be used by other slice(s) when defined slice(s) do not need them (  “float quota”).

allowedValues: "STRICT", "FLOAT".
	type: ENUM
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False


	rRMPolicyMaxRatio
	The RRM policy setting the maximum percentage of radio resources to be allocated to the corresponding S-NSSAIList.
This quota can be strict or float quota. Strict quota means resources are not allowed for other sNSSAIs even when they are not used by the defined sNSSAIList. Float quota resources can be used by other sNSSAIs when the defined sNSSAIList do not need them.
Value 0 indicates that there is no maximum limit.

allowedValues:
0 : 100

	type: Integer
multiplicity: 0..1
isOrdered: N/A
isUnique: N/A
defaultValue: None
allowedValues: N/A
isNullable: False

	rRMPolicyMarginMaxRatio
	Maximum quota margin ratio is applicable when maximum quota policy ratio is of type “float quota”. It defines the resource quota within maximum quota to reserve buffers for new resource requirements for the specified S-NSSAIList. With the margin ratio, unused resources of the maximum resource quota can be allocated to other S-NSSAIs when the free resources are more than resource amount indicated by the margin. The margin resource quota can only be used for the specific S-NSSAIList. Value 0 indicates that no margin is used.

allowedValues:
0 : 100

	type: Integer
multiplicity: 0..1
isOrdered: N/A
isUnique: N/A
defaultValue: None
allowedValues: N/A
isNullable: False

	rRMPolicyMinRatio
	The RRM policy setting the minimum percentage of radio resources to be allocated to the corresponding S-NSSAIList. 
This quota can be strict or float quota. Strict quota means resources are not allowed for other sNSSAIs even when they are not used by the defined sNSSAIList. Float quota resources can be used by other sNSSAIs when the defined sNSSAIList do not need them.
Value 0 indicates that there is no minimum limit.

allowedValues: 
0 : 100

NOTE: The averaging time interval is implementation dependent.

	type: Integer
multiplicity: 0..1
isOrdered: N/A
isUnique: N/A
defaultValue: None
allowedValues: N/A
isNullable: False

	rRMPolicyMarginMinRatio
	Minimum quota margin ratio is applicable when minimum quota policy ratio is of type “float quota”. It defines the resource quota within minimum quota to reserve buffers for new resource requirements for the specified S-NSSAIList. With the margin ratio, unused resources of the minimum resource quota can be allocated to other S-NSSAIs when the free resources are more than resource amount indicated by the margin. The margin resource quota can only be used for the specific S-NSSAIList. Value 0 indicates that no margin is used.

allowedValues:
0 : 100 

	type: Integer
multiplicity: 0..1
isOrdered: N/A
isUnique: N/A
defaultValue: None
allowedValues: N/A
isNullable: False

	rRMPolicy
	It represents RRM policy which includes guidance for split of radio resources between the S-NSSAIs that the cell supports in case when the rRMPolicyType is absent or equal to 0. The RRM policy is implementation dependent.

allowedValues: Not applicable
	type: String
multiplicity: 1
isOrdered: N/A
isUnique: N/A
defaultValue: None
isNullable: False


	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	NOTE 1: Void
NOTE 2: The radio resource can be signaling resources (e.g. RRC connected users) or user plane resources (e.g. PDCP). The detail resource and how to map the ratio to exact number of resources is implementation dependant.
NOTE 3: The averaging time interval is implementation dependent.
NOTE 4: How to calculate the sum of the ratio is implementation dependent.





4	Detailed proposal
Based on the observations above, we ask for Endorsement for Proposal 1 as way forward.

















