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Introduction
SA5 has been working on standardizing the L2 measurements mainly for the performance monitoring aspects [1]. In the email discussion that followed the RAN2#105 meeting [7], companies agreed on several measurements that are feasible form RAN2 point of view and several other measurements for which RAN2 requested for RAN3’s opinion. However, in the proposed LS to RAN3 it was not discussed as to what granularity of measurements are expected for each of the measurements. In this contribution we analyze those parameters that are affected by the split architecture at the network side and this possibly requiring additional information in the inter-node interfaces. 
[bookmark: _Ref178064866]Discussion
Scenario description
There are three types of deployments considered by SA5 are as follows;
1) No split scenario
gNB includes functionality associated to RRC, PDCP, RLC, MAC and PHY layers. There is no standardized interface between these layers as all these functionalities are handled by the same node. This deployment option is shown in figure 1a.
2) Two-split scenario 
gNB functionality is split among two nodes, one of which will carry out RRC and PDCP associated functionality and the other will carry out the RLC, MAC and PHY associated functionality. The interface between these two network nodes is F1-interface [3]. This deployment option is shown in figure 1b.
3) Three-split scenario 
gNB functionality is split among three nodes, first of which will carry our RRC functionality, second of which will carry out PDCP functionality and the third of which carries out the RLC, MAC and PHY functionality. The communication between the nodes performing RRC and PDCP functionality is specified in E1 interface [4]. The communication between the nodes performing RRC and RLC+MAC+PHY functionality is specified in F1-C interface [3]. The communication between the nodes performing PDCP and RLC+MAC+PHY functionality is specified in F1-U interface [3]. This deployment option is shown in figure 1c.
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Figure 1 : Different deployment options. (1a): No-split scenario. (1b): 2-split scenario. (1c): 3-split scenario.
The L2 measurements used by the OAM for observability purposes need to be collected for all these three deployments.
1. [bookmark: _Toc181758][bookmark: _Toc183184][bookmark: _Toc186052][bookmark: _Toc791139][bookmark: _Toc867748][bookmark: _Toc939845][bookmark: _Toc964528][bookmark: _Toc1041329][bookmark: _Toc1046619][bookmark: _Toc3216781]L2 measurements are to be collected for no-split, 2-split and 3-split deployment scenarios.
Based on the deployment type, the network nodes have different information available. Considering, 3-split scenario is the most diverse deployment of the three, we can discuss what information is available in which network nodes for the measurements. 
Performance measurements to be collected in all deployment scenarios
SA5 has listed the following measurements as candidates to be standardized in NR that are to be collected by the RAN nodes, in all deployment scenarios of the gNB.
1) Packet Delay
a. Average delay DL air-interface
2) Radio resource utilization
a. DL Total PRB usage
b. UL Total PRB Usage
c. Distribution of DL Total PRB Usage
d. Distribution of UL Total PRB Usage
3) UE throughput
a. Average DL UE throughput in gNB
b. Distribution of DL UE throughput in gNB
c. Average UL UE throughput in gNB
d. Distribution of UL UE throughput in gNB
e. Volume of unrestricted DL UE data in gNB
f. Volume of unrestricted UL UE data in gNB
4) RRC connection number
a. Mean number of RRC Connections
b. Max number of RRC Connections
5) PDU Session Management
a. Number of PDU Sessions requested to setup
b. Number of PDU Sessions successfully setup
c. Number of PDU Sessions failed to setup
6) Mobility management
a. Inter-gNB handovers
i. Number of requested handover preparations
ii. Number of successful handover preparations
iii. Number of failed handover preparations
iv. Number of requested handover resource allocations
v. Number of successful handover resource allocations
vi. Number of failed handover resource allocations
7) TB related Measurements
a. Total number of DL initial TBs
b. Initial error number of DL TBs
c. Total number of DL TBs
d. Total error number of DL TBs
e. Residual error number of DL TBs
f. Total number of UL initial TBs
g. Error number of UL initial TBs
h. Total number of UL TBs
i. Total error number of UL TBs
j. Residual error number of UL TBs
These measurements can be checked from different requirement point of view, for example, whether these measurements are required per QoS level or not, whether these measurements are UL related or DL related, in which gNB node do these measurements etc. These aspects are captured in the Table 1.

	Performance Measurement name
	UL/DL
	Network entity in which the measurement performed
	Sub-counter

	Average delay DL air-interface 
	DL
	gNB-CU
	Per-DRB- level-QoS

	DL Total PRB Usage 
	DL
	gNB-DU
	-

	UL Total PRB Usage 
	UL
	gNB-DU
	-

	Distribution of DL Total PRB Usage
	DL
	gNB-DU
	-

	Distribution of UL Total PRB Usage
	UL
	gNB-DU
	-

	Average DL UE throughput in gNB
	DL
	gNB-DU
	Per-DRB- level-QoS

	Distribution of DL UE throughput in gNB
	DL
	gNB-DU
	-

	Average UL UE throughput in gNB
	UL
	gNB-DU
	Per-DRB- level-QoS

	Distribution of UL UE throughput in gNB
	UL
	gNB-DU
	-

	Volume of unrestricted DL UE data in gNB
	DL
	gNB-DU
	Per-DRB- level-QoS

	Volume of unrestricted UL UE data in gNB
	UL
	gNB-DU
	Per-DRB- level-QoS

	Mean number of RRC Connections
	-
	gNB-CU-CP / gNB-CU
	-

	Max number of RRC Connections
	-
	gNB-CU-CP / gNB-CU
	-

	Number of PDU Sessions requested to setup
	-
	gNB-CU-CP / gNB-CU
	Per S-NSSAI

	Number of PDU Sessions successfully setup
	-
	gNB-CU-CP / gNB-CU
	Per S-NSSAI

	Number of PDU Sessions failed to setup
	-
	gNB-CU-CP / gNB-CU
	Per failure cause

	Number of requested handover preparations
	-
	gNB-CU-CP / gNB-CU
	-

	Number of successful handover preparations
	-
	gNB-CU-CP / gNB-CU
	-

	Number of failed handover preparations
	-
	gNB-CU-CP / gNB-CU
	Per failure cause

	Number of requested handover resource allocations
	-
	gNB-CU-CP / gNB-CU
	-

	Number of successful handover resource allocations
	-
	gNB-CU-CP / gNB-CU
	-

	Number of failed handover resource allocations
	-
	gNB-CU-CP / gNB-CU
	Per failure cause

	Total number of DL initial TBs
	DL
	gNB-DU
	Per modulation scheme

	Initial error number of DL TBs
	DL
	gNB-DU
	Per modulation scheme

	Total number of DL TBs
	DL
	gNB-DU
	Per layer at MU-MIMO case

	Total error number of DL TBs
	DL
	gNB-DU
	Per layer at MU-MIMO case

	Residual error number of DL TBs
	DL
	gNB-DU
	-

	Total number of UL initial TBs
	UL
	gNB-DU
	Per modulation scheme

	Initial error number of UL TBs
	UL
	gNB-DU
	Per modulation scheme

	Total number of UL TBs
	UL
	gNB-DU
	Per layer at MU-MIMO case

	Total error number of UL TBs
	UL
	gNB-DU
	Per layer at MU-MIMO case

	Residual error number of UL TBs
	UL
	gNB-DU
	-


[bookmark: _Ref1045579]
[bookmark: _Ref1046453]Table 1: Table illustrating the dependencies of different performance measurements that needs to be collected in all gNB deployment scenarios
Based on our understanding of the available information at the gNB-DU and gNB-CU-CP, the performance measurements captured in Table 1 can be performed with the existing information.
1. [bookmark: _Toc1046621][bookmark: _Toc3216782]Existing information at gNB-DU and gNB-CU-CP is sufficient to log the performance measurements listed in Table 1.

Performance measurements impacted by 2-split/3-split deployment scenarios
SA5 has listed the following measurements as candidates to be standardized in NR that are affected by the 2-split/3-split deployment of the gNB.
1) Packet loss rate
a. UL PDCP SDU loss rate
b. UL F1-U packet loss rate
c. DL F1-U packet loss rate
2) Packet drop rate
a. DL PDCP SDU drop rate in gNB-CU-UP
b. DL PDCP SDU drop rate in gNB-DU
3) Packet delay
a. Average delay DL in CU-UP
b. Average delay on F1-U
c. Average delay DL in gNB-DU
4) IP latency measurements
a. IP latency DL in gNB-DU
5) UE context release
a. UE context release request (gNB-DU initiated)
b. Number of UE Context Release Requests (gNB-CU initiated)
6) PDCP data volume measurements
a. DL PDCP PDU Data Volume
b. UL PDCP PDU Data Volume
c. DL PDCP SDU Data Volume
d. UL PDCP SDU Data Volume
These measurements can be checked from different requirement point of view, for example, whether these measurements are required per QoS level or not, whether these measurements are UL related or DL related, in which ‘module’ do these measurements can be collected etc. These aspects are captured in the Table 2.


	Performance Measurement name
	UL/DL
	Network entity in which the measurement performed
	Sub-Counter

	UL PDCP SDU loss rate

	UL
	gNB-CU-UP/ gNB-CU
	Per-DRB- level-QoS

	UL F1-U packet loss rate

	UL
	gNB-CU-UP
	Per-DRB- level-QoS

	DL F1-U packet loss rate
	DL
	gNB-CU-UP
	Per-DRB- level-QoS

	DL PDCP SDU drop rate in gNB-CU-UP

	DL
	gNB-CU-UP/ gNB-CU
	Per-DRB- level-QoS

	DL PDCP SDU drop rate in gNB-DU

	DL
	gNB-DU
	Per-DRB- level-QoS

	Average delay DL in CU-UP

	DL
	gNB-CU-UP
	Per-DRB- level-QoS

	Average delay in F1-U
	DL (?)
	gNB-CU-UP
	Per-DRB- level-QoS

	Average delay DL in gNB-DU
	DL
	gNB-DU
	Per-DRB- level-QoS

	IP latency DL in gNB-DU
	DL
	gNB-DU
	Per-DRB- level-QoS

	UE context release request (gNB-DU initiated)
	-
	gNB-DU
	-

	UE context release request (gNB-CU initiated)
	-
	gNB-CU-CP / gNB-CU
	-

	DL PDCP PDU Data Volume
	DL
	gNB-CU-UP / gNB-CU
	Per-DRB- level-QoS and per PLMN

	UL PDCP PDU Data Volume
	UL
	gNB-CU-UP / gNB-CU
	Per-DRB- level-QoS and per PLMN

	DL PDCP SDU Data Volume
	DL
	gNB-CU-UP / gNB-CU
	Per-DRB- level-QoS and per PLMN

	UL PDCP SDU Data Volume
	UL
	gNB-CU-UP / gNB-CU
	Per-DRB- level-QoS and per PLMN


Table 2: Table illustrating the dependencies of different performance measurements that are affected by split gNB deployments.
In the current SA5 specification [1], the measurements are specified some of which needs to be collected at QoS level (mapped-5QI). RAN3 has sent an LS to SA5 [5] saying that the mapped-5QI used in the SA5 specification is same as the DRB level QoS parameter captured in F1 interface in the UE CONTEXT SETUP REQUEST message from the gNB-CU-CP to the gNB-DU [3], see Table 3. Based on this information, the gNB-DU is aware of the DRB level QoS requirements and it can also collect the DRB level L2 measurements accordingly.
1. [bookmark: _Toc1041331][bookmark: _Toc1046622][bookmark: _Toc3216783]gNB-DU is provided with DRB level QoS mapping (mapped-5QI) in the UE CONTEXT SETPUP REQUEST message from the gNB-CU-CP.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	…..
	……
	…
	…
	…
	…
	….

	>>>DRB Information
	
	1
	
	Shall be used for NG-RAN cases
	YES
	ignore

	>>>>DRB QoS
	M
	
	9.3.1.45
	
	-
	

	>>>>S-NSSAI
	M
	
	9.3.1.38
	
	-
	

	>>>>Notification Control
	O
	
	9.3.1.56
	
	-
	

	>>>>Flows Mapped to DRB Item
	
	1 .. <maxnoofQoSFlows>
	
	
	-
	

	>>>>>QoS Flow Identifier
	M
	
	9.3.1.63
	
	-
	

	>>>>>QoS Flow Level QoS Parameters
	M
	
	9.3.1.45
	
	-
	

	>>>>>QoS Flow Mapping Indication
	O
	
	9.3.1.72
	
	YES
	ignore

	….
	….
	…..
	….
	….
	….
	…


[bookmark: _Ref1046014]Table 3 :  Contents of interest from the UE CONTEXT SETUP RESQUEST message from gNB-CU-CP to gNB-DU.
As per the current SA5 specification [1], the gNB-CU-UP also needs to perform many of the L2 measurements per mapped-5QI level. However, the gNB-CU-UP is not aware of the DRB level QoS or the mapped-5QI as informed by gNB-CU-CP to gNB-DU. In order to make gNB-CU-UP capable of logging the measurements at mapped-5QI level, gNB-CU-CP needs to inform gNB-CU-UP about the DRB level QoS that is also sent to the gNB-DU.  
1. [bookmark: _Toc1046623][bookmark: _Toc3216784]gNB-CU-UP is not aware of the DRB-level-QoS mapping (mapped-5QI).
1. [bookmark: _Toc1046624][bookmark: _Toc1059611][bookmark: _Toc1061181][bookmark: _Toc1062132][bookmark: _Toc3216785]RAN2 is requested to ask RAN3 to make gNB-CU-UP aware of the DRB-QoS mapping (mapped-5QI) by including the same in the appropriate signaling over E1 interface.
1. [bookmark: _Toc1061182][bookmark: _Toc1062133][bookmark: _Toc3216786]RAN2 is requested approve LS [6] to be sent to RAN3.
Conclusion
In section 2 we made the following observations:
Observation 1	L2 measurements are to be collected for no-split, 2-split and 3-split deployment scenarios.
Observation 2	Existing information at gNB-DU and gNB-CU-CP is sufficient to log the performance measurements listed in Table 1.
Observation 3	gNB-DU is provided with DRB level QoS mapping (mapped-5QI) in the UE CONTEXT SETPUP REQUEST message from the gNB-CU-CP.
Observation 4	gNB-CU-UP is not aware of the DRB-level-QoS mapping (mapped-5QI).

Based on the discussion in section 2 we propose the following:
Proposal 1	RAN2 is requested to ask RAN3 to make gNB-CU-UP aware of the DRB-QoS mapping (mapped-5QI) by including the same in the appropriate signaling over E1 interface.
Proposal 2	RAN2 is requested approve LS [6] to be sent to RAN3.
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