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1
Introduction

A new SI “Study on RAN-centric data collection and utilization for LTE and NR” was first approved for Release 16 at the 3GPP TSG RAN #80 meeting and updated in [1]. This SI was kicked-off at RAN3 #101bis (October) meeting in 2018 and suspended at November meeting. The discussion restarts at both RAN3 and RAN2 since February meeting 2019. 
Considering the large scope of the SI and time constrains (only 3 meetings cycle), an offline coordination in the form of an email discussion was organized by the rapporteur before Athens meeting to help the SI moving forward. The intention is to discuss and converge on the use case descriptions and some key aspects to be studied. 
This contribution provides a report for the email discussion, giving focus on the summary and proposals, the full email discussion details could be found in the annex. 
2
Schedule of the email discussion

The email discussion was focusing on the use cases for RAN-centric data collection and utilization. Specifically, 
· For the use cases that have been agreed at last RAN3 meeting, use cases description and the main aspects to be studied arising from the nature of NR compared to LTE would be discussed and converged. 
· For the other potential use cases, use cases description and whether to study the uses cases is expected to be discussed and aligned.
The discussion was divided into two phases:

Phase 1: Companies are invited to provide your views on the draft descriptions of the use case and the raised question;
Deadline for Phase 1: 2019-1-25 Friday. 

Phase 2: Rapporteur will provide summary and draft TP on the use case descriptions based on inputs from companies. Companies are invited to provide comments on draft TP; 

Deadline for Phase 2: 2019-02-11 Monday
3
Summary and proposals of the email discussion
3.1
Summary
In the below, summaries of discussion on each use case are provided,
For agreed use cases in TR 37.816 v 0.1.0:

1) Coverage and Capacity Optimization

It seems a preference to split CCO into long term and short term functionalities. For the long term functionality, it could use LTE CCO as the baseline with additional study for beam management parameters and to a large extent it can be covered by MDT. For the short term functionality, the LTE solution may also be taken into account as baseline and opportunely enhanced, additionally massive MIMO use cases should be studied.
2) PCI selection
It seems a common understanding that PCI selection in LTE could be the baseline, further enhancement adapt to support ultra-dense network deployment and NR new features could be evaluated.
3) Mobility optimization
Intra-system intra/inter-RAT and inter-system inter-RAT mobility optimization should be studied in the SI. NR new architectures/features, e.g. CU-DU split, MR-DC, BWP, beam failure/beam recovery failure should be addressed w.r.t. their impact to approaches used in LTE for MRO. Enhancement to RLF-report along MDT will be considered for Mobility Optimisation.

4) Load Sharing and Load Balancing Optimization

LTE MLB mechanism could be used as baseline and study of MLB for NR could consider the new features of NR, like slicing, SUL, MR-DC, CU/DU function split, etc.  Specifically, the definition of load information to be exchanged or reported, as well as the distributed and centralized load balance approaches should be studied.
5) RACH optimization
LTE RACH optimization could be baseline, and RACH reports should include NR-specific information including the SSB, UL carrier type, beam index, etc, where RACH failure is detected by the UE.
6) Energy Saving

LTE like energy saving mechanism are already supported in rel-15 in NG-RAN. Inter-system inter-RAT (between 4G and 5G) energy saving should be studied. New uses cases could be considered based on NR L1 design. Energy saving solutions leveraging on AI-like approach, e.g., active UE prediction was also proposed for further study by some companies.
7) MDT
It seems a common understanding that,
· Logged MDT, immediate MDT and accessibility report should be supported for NR MDT
· Logged MDT should also be supported for RRC_INACTIVE
· Management based and signalling based trace procedure in LTE can be reused in NG-RAN MDT, but studies for MDT configuration and measurements collection are needed for CU-DU split, CP-UP separation architecture and MR-DC
· LTE MDT measurements/failures could be the baseline, new MDT measurement/failures for NR, e.g., beam, UL/SUL accessibility report, UE sensor information should be studied.
In addition, whether NG-RAN could initiate MDT tasks for NR needs further evaluation.
For other potential use cases:
1) Edge computing optimization
Many companies especially operators thinks the service aware RAN optimization and RAN information exposure are promising use cases. These use cases could be studied to improve use experience and to enable efficient radio resource utilization. 
2) Per-UE Local RRM Policy Information Storage and Retrieval

Companies show interests in the per-UE specific information storage and retrieval. Nevertheless, similar as the situation in NB-IoT discussion, some companies still have strong concerns on conveying the vendor specific information via standardized interface. Since this use case will be generalized to support generic UEs rather than NB-IoT UE only, to move forward, the use case could be studied based on collection/retrieval of standardized information.

3) URLLC Optimization

Most companies think this use case should be studied in this SI. Further coordination/confirmation with SA2 may be needed.
4) LTE V2X Optimisation

Most companies think this use case should be studied in this SI provided the TU allows. Except for the existing CBR measurements and sensing result, some other measurements may also be considered.
5) Massive MIMO
This is a newly added use case which was not comprehensively discussed in the email discussion. 
6) RAN Notification Area Optimization

This is a newly added use case which was not comprehensively discussed in the email discussion. 
7) System Information Area optimization

This is a newly added use case which was not comprehensively discussed in the email discussion.

8) Performance measurements for gNB

It seems reasonable to define a new use case of measurements for OAM observability for timely treatment of SA5 normative work.

9) UE energy saving
This is a newly added use case which was not comprehensively discussed in the email discussion.

3.2
Proposals
Proposal 1: RAN3/RAN2 to discuss and agree on the use case description provided in the text proposal for the use cases agreed at last RAN3 meeting. RAN3 could take the lead of all the use cases except for MDT. The description for MDT could be discussed and agreed by RAN2.
Proposal 2: RAN2 to discuss and consider the potential agreements on principle and requirement for NR MDT as below, 
· Logged MDT, immediate MDT and accessibility report should be supported for NR MDT
· Logged MDT should also be supported for RRC_INACTIVE
· Management based and signalling based trace procedure in LTE can be reused in NG-RAN MDT, but studies on MDT configuration and measurements collection are needed for CU-DU split, CP-UP separation architecture and MR-DC
· LTE MDT measurements/failures could be the baseline, new MDT measurement/failures for NR, e.g., beam-related measurements, UL/SUL accessibility report, UE sensor information, should be studied.
· To further evaluate whether NG-RAN could initiate MDT tasks for NR


Proposal 3: For other potential use cases, RAN3/RAN2 to discuss and decide whether to study the use case in the SI and give the priority if needed. The text proposals provided for these use cases could be the starting point. RAN3 could take the lead of all the use cases in the text proposal except for gNB measurement (SA5 defined in normative work) and UE energy saving. The description for the two use cases could be discussed and agreed by RAN2. 
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Annex: Email discussion of use cases for RAN-centric DCU
1 Background

1.1 Objective of the SI

The new Rel-16 SI “Study on RAN-centric data collection and utilization for LTE and NR” was approved at the TSG RAN #80 meeting and updated in [1]. Objectives of the SI are

· Study the use cases and benefits of RAN centric Data utilization, e.g. SON features including mobility optimization (cell and beam based), RACH optimization, load sharing/balancing related optimization, coverage and capacity optimisation, Minimization of Drive testing (MDT), URLLC optimisation, LTE-V2X (i.e., PC5 and uu), etc., applicable to different scenarios in NG-RAN, MR-DC connected to 5GC and EPC and LTE and take NR new features, e.g., beam, network slice, BWP, duplication etc. into account [RAN3, RAN2].

· Identify necessary standard impact on data collection and utilization for the defined use cases and scenarios, including, 

· Definition: Identify relevant measurement quantities, events and faults for collection and utilization. On top of existing RRM measurements and LTE L2 measurements, identify metrics to be newly introduced or to be refined, including [RAN2]:

1. RRM measurement quantities, RLF and access failure information, etc from consenting UEs,

2. L2 measurement quantities.

3. L1 measurement quantities (e.g. Timing Advance in RAR)
4. Sensor data for UE orientation/altitude to log in addition to location (e.g., digital compass, gyroscope,barometer)
· Collection: Study the procedure for configuration and collection of UE measurements, L1/L2 RAN node measurements and signalling procedure for distributed and central analysis. Identify the potential standard impact on related network entities. Additionally for MDT study following solutions [RAN3, RAN2]:

· Logged MDT focusing on RRM measurements;

· Immediate MDT focusing on RRM measurements;

· Utilization: Study necessary procedures and information exchange required for different use cases, e.g. SON, RRM enhancement, edge computing, radio network information exposure, URLLC and LTE-V2X (i.e., PC5 and uu), etc [RAN3]. 

Note: this includes studying the Local RRM Policy Information storage and retrieval per UE for LTE and NR. 
· If necessary, investigate the benefits and feasibility of introducing a logical entity/function for RAN centric data collection and utilization [RAN3].

1.2 TU assignment

Some new Rel-16 WI/SIs were approved at RAN plenary #82 meeting, 2 TU originally allocated for RAN3 #103 meeting was shortened to 1TU. The latest time budgets in RAN2 and RAN3 are listed as below,
Table 1: Time budget allocation

	Date
	October 2018
	November 2018
	February 2019
	April 2019
	May 2019

	Meeting
	R3#101b
	R2#103b
	R3#102
	R2#104
	R3#103
	R2#105
	R3#103b
	R3#105b
	R3#104
	R2#106

	TUs
	0.5
	0
	0
	0
	1
	0.5
	2
	0.5
	1.5
	0.5


1.3 Status of the SI

This SI was kicked-off at RAN3 #101bis meeting. The skeleton for TR 37.816 and initial uses cases to be studied were discussed.
The following were agreed.
- TR 37.816 v. 0.0.2 in R3-186264, Endorsed unseen as BL 
- TP of agreed use cases for TR 37.816 in R3-186227, agreed
It was also highlighted in the chairman meeting minutes that 

Companies are encouraged to coordinate before February meeting; discussing potential use cases that were not in the agreed use case list at this meeting, is not precluded
2 Objective of the email discussion

This SI has only three meetings cycle, and moreover some TUs are further cut because of new WI/SI emerges. Considering the large scope and time constrains, it is beneficial to coordinate before February meeting. 

The email discussion will be focusing on the use cases for RAN-centric data collection and utilization. Specifically, 
· For the use cases that have been agreed at last RAN3 meeting, use cases description and the main aspects to be studied arising from the nature of NR compared to LTE would be discussed and converged. 
· For the other potential use cases, use cases description and whether to study the uses cases is expected to be discussed and aligned.
Rapporteur would suggest having two phases discussion:

Phase 1: Companies are invited to provide your views on the draft descriptions of the use case and the raised question;
Deadline for Phase 1: 2019-1-25 Friday. 

Phase 2: Rapporteur will provide summary and draft TP on the use case descriptions based on inputs from companies. Companies are invited to provide comments on draft TP; 

Deadline for Phase 2: 2019-02-08 Friday

3 Use cases discussion

3.1 Agreed use cases in TR 37.816 v0.1.0

3.1.1 Use case: Coverage and Capacity Optimisation
Description:
Coverage and Capacity Optimization (CCO) is one of the typical operational tasks to optimize the radio access network (RAN). CCO has been identified as a key use case for SON since LTE, which aims to provide the required capacity in the targeted coverage areas and to minimize the interference and maintain an acceptable quality of service in an autonomous way. There is a trade-off between coverage and capacity optimization, capacity enhancements are usually at the expense of service coverage degradations, and vice versa. There is a need to balance and manage the trade-off between the two.
CCO allows the system to periodically adapt to the changes in traffic (i.e. load and location) and the radio environment

by automatically adjusting the essential antenna and RF parameters, e.g., antenna down tilt, azimuth and power, for the cells that serve a certain area for a particular traffic situation. Due to the introducing of massive MIMO in LTE and NR, the set of configurable antenna and RF parameters are multi-dimensional (e.g., massive MIMO pattern), and each parameter has wide range of values. It is very complex to find the mapping between network configurations with target coverage and capacity performance. To make it feasible, some kind of machine learning techniques could be utilized which will leverage on the data collected in the RAN network. The collected data could be UE measurements, performance measurements, events and other monitoring information. These inputs could help the operator firstly identify the coverage and capacity problems, for instance, coverage hole, weak pilot pollution, overshoot coverage and DL and UL channel coverage mismatch and further perform the coverage and capacity optimization. 
Coverage holes with unbalanced DL and UL channel coverage require consideration. The concept of RLF reporting from UE to RAN node and corresponding analysis provide the means to identify coverage holes and separate them from mobility related RLF failures, but a more detailed analysis of the root cause of a coverage hole is needed for an efficient CCO algorithm to detect UL channel coverage holes. Providing knowledge about root cause of a coverage hole by more elaborated analysis in the RAN node can trigger the right countermeasures quicker and more reliably.  
Q1: Please provide your comments and revision suggestions on the draft description, and also provide the views on the main difference for this use case to be studied compared to LTE.
	Company
	Comments/Revision Suggestions


	Vodafone
	1. The reference to azimuth may need to be removed (I don’t think this is in scope)

2. CCO takes a long term view of the network, massive MIMO takes a short term view so is more suited to be included in load balancing discussions or have its own section

3. Massive MIMO antenna arrays should be assed as part of CCO as explained below 

 

	Huawei
	Basically, we think the CCO has less RAN3 impact if we reuse the use cases of LTE. Coverage problems detection and diagnosing are the use cases identified in LTE MDT study, such as coverage hole, weak pilot pollution, and etc. Those parts could be studied under the scope of MDT.
It’s reasonable to study new use case, e.g. Massive MIMO, AAS SON under the scope of CCO.

	vivo
	Agree with Huawei on AAS. As AAS has been already considered by RAN3 within LTE SON scope, We think that AAS should also been studied in this SI.

	CATT
	We think UE RRM measurement and report in LTE could be the baseline as the input for CCO, and other positioning related information (RF fingerprint, GPS, OTDOA, TA+AOA.etc) provide more accurate information .Besides, RLF report raised for MRO purpose in LTE is also significant for finding the coverage problem.

	ZTE
	CCO is a valuable use case to identify the coverage and capacity problems and perform the coverage and capacity optimization. The coverage and capacity optimization solution is overlapping with MRO, MLB, AAS, Energy Saving, RACH optimization, MDT.

Massive MIMO case needs further investigation and input from RAN1 firstly.

	Nokia
	Coverage optimisation is essential. For CCO the baseline from LTE can be used, but the data collection in the RAN network needs improvements for the detection of UL coverage holes. We propose to include this aspect explicitly in the use case description (cf. TP inserted above). We also share Huawei’s view that data collection required for Coverage Optimisation should be to large extend covered by MDT.

	Orange
	The scope of the use case is large: coverage-, cell shape-, capacity-, interference-, mobility- management by means of Massive MIMO parameter optimization (beyond coverage-capacity trade-offs optimization). Long term optimization is involved. Geo-location data can be particularly useful for this use case.

	BT
	Suggest dividing topic into two parts 

CCO could use LTE should be the baseline with additional study for beam management parameter optimisation (e.g. Broadcast beams)

Separately study near real-time/complex solutions for massive MIMO where specific beam pattern settings could be exchanged for CCO/load balancing purposes.

	LG
	Coverage optimisation can be similarly considered referring legacy LTE cases. For optimising radio capacity related performance, we need to study some principles such as which UEs can be target to perform CCO i.e. automatically adjusting radio environment. Also, we agree with Huawei on studying AAS considered in LTE.

	MediaTek
	- RAN-centric DCU can help coverage optimization, for example, when UE reports a coverage hole, the gNB adjusts RF parameters, antenna directions, etc. to improve the coverage.

- However, we have concerns on the meaning of capacity optimization. Throughput measurement can be a part of RAN-centric DCU, but it can be considered as a separated use case.

- (beam coverage)

- Information provided by UE: radio measurements, location information

- Information provided by gNB w/o UE involvement: throughput measurements

	Samsung
	Taking the LTE CCO as the baseline, and study new use cases, e.g. Massive MIMO.

	Deutsche Telekom
	For CCO a differentiation between short-term and long-term functionality should be made with adapting the long-term approach for NR-based air interface to current LTE SON use case. For the short-term aspects especially the impact of high-order/massive MIMO antenna systems should covered both for NR and LTE.

	TIM
	Agree with Vodafone that M-MIMO/Beamforming is an enabler for several use cases. 

For CCO, previous study on SON for AAS could be considered as baseline, with the necessary enhancement on RAN measurements (e.g. transmitted power per beam, EIRP per beam, throughput per beam) and RAN control parameters for C-SON. RAN3 should provide requirements to RAN1 and RAN2 to guide their analysis

	China Unicom
	We agree to firstly study on the baseline CCO functions from LTE SON AAS. After that, we should focus on the new cases related with Massive MIMO, such as parameters optimizations for RF, antenna pattern, etc.

	QC
	In our understanding, from UE perspective, CCO in rel-16 should be based on MDT measurements. The main difference for this use case with respect to LTE is to make the network implementation compatible to enable machine learning to be used to optimize the MDT measurements to be defined.

We are not sure the use cases for Massive MIMO, AAS etc. These should be studied by RAN1 first.

	OPPO
	We think the LTE MDT based solution should be as baseline. The contents for UE reporting should be considered based on the NR, e.g. the SSB index can be considered as one kind of location information. 

Consider NR, the UL weak coverage should also be considered, due to the high frequency deployment in NR.

	Ericsson
	We believe that CCO can take as a starting point the work done in LTE for AAS. The study should focus on coverage optimisation, where capacity can be improved by means of modifying and optimising coverage. We believe that capacity optimisation by means of e.g. interference management procedures should be left for a different activity. The measurements and data to rely on should be studied. These could be to a large extend derived from reusing existing UE reports such as RLF reports, measurement reports and by reusing MDT measurements. 


 [Proposed by Vodafone]
The introducing of massive MIMO in LTE and NR must be a consideration for the CCO use case, massive MIMO (for which CCO is not particularly relevant due to the exclusion of configurable RETs as electrical tilting is based on antenna array patterns) cell statistics (such as antenna array usage) are vital in the CCO decision making process and feedback for surrounding non-Massive MIMO cells. An example of how Massive MIMO antenna array patterns can impact decision making in CCO can be seen in Figure 1. A brief explanation of this scenario is given below, where cell 1 is a standard antenna, and cell 2 is a Massive MIMO antenna, see following Figure 1: 

1. Cell 1 requires down tilt due to capacity/interference breech

2. Cell 2 is assessed to take the potential loss in traffic from cell 1

3. Investigation shows that only the bottom tier of antenna arrays from cell 2 are in use 

4. Decision is made to down tilt cell 1

5. Feedback is used to ensure that traffic levels (and where possible distinct users) are maintained

The collected RAN data must contain performance management and antenna array counters from the nodes. UE trace measurements, CDRs, and crowd source data are also potential useful sources of data to enhance the understanding of how the performance of customers in the targeted areas are effected. 
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Figure 1: CCO using Massive MIMO statistics
We propose to add a new section on Massive MIMO based on the discussions presented above. See section 3.2.5

Rapporteur’s summary:

It seems a preference to split CCO into long term and short term functionalities. For the long term functionality, it could use LTE CCO as the baseline with additional study for beam management parameters and to a large extent it can be covered by MDT. For the short term functionality, massive MIMO use cases need to be addressed dedicatedly.
3.1.2 Use case: PCI selection
Description:
Physical Cell Identifier (PCI) is assigned to each cell to help UE distinguish wireless signals of different cells. The selection of PCI is one of the first use cases that have been introduced in SON, in order to ensure that PCI collision does not happen or are minimized. In LTE, the eNB base the selection of its PCI either on a centralized or distributed PCI assignment algorithm. The centralized assignment works in a way that the eNB selects the specific PCI value sent to it by the OAM as its PCI, while the distributed PCI assignment is that the eNB selects a PCI value randomly from the restricted list of PCIs. 

In NR, ultra-dense network is the key technology to meet the demand of future mobile data traffic, and there will be coexistence of macro cell in lower frequency and small cells in higher frequency (mmwave) in a certain area. For the sake of improving energy efficiency, those small cells may switch to sleep mode at any time. Those various cell changes will lead to serious challenges in PCI allocation and selection. 

The study on the solutions for PCI selection in NR could focus on

1. Definition of the information/data required to support PCI conflict discovery and selection.

2. Functionalities and procedures to support PCI selection, e.g., report by UE or exchange over the X2/Xn/F1 interface
3. PCI confusion resolution, without using CGI reading functionality (ANR).
Solutions of PCI selection in LTE and the mechanisms that have been specified in NR Rel-15 specification should be the baseline. There is a need to first evaluate whether the existing mechanisms is sufficient for PCI selection on NR. 

Q1: Please provide your comments and revision suggestions on the draft description, and also provide the views on whether enhancements are needed for NR compared to Rel-15 solutions.
	Company
	Comments/Revision Suggestions

	Vodafone
	PCI selection should be done via C-SON using machine learning techniques (e.g. genetic algorithm). The main area of research should be the definition and rapid updating of the cost function (possibly via sparse matrices).  

It should also be aligned with neighbour blacklisting to reduce the number of erroneous relations, thus reducing the number of PCI conflicts

	Huawei
	We think that the framework of PCI selection in LTE could be taken as a baseline and starting point.

	Vivo
	 PCI optimization use case in LTE should be considered as baseline.

	CATT
	Agree with the rapporteur’s analyses. Solutions of PCI selection in LTE could be the baseline.

	ZTE
	LTE solution seems to be a good start. PCI conflict and confusion should be evaluated based on new features in NR,e.g. Wide band scenario.

	Orange
	We agree with above (Huawei comment)

	Nokia
	We foresee challenges in PCI allocation and selection in ultra-dense deployment of NR cells, and therefore propose that PCI confusion resolution (beyond CGI reading) is studied as part of this use case.

	BT
	LTE as baseline

Further consideration should be given to detecting NR PCI conflict in EN-DC operation across X2 interface without deploying a C-SON function.

	LG
	We are not sure this case is serious. Comparing LTE, the number of assignable PCI has already increased from about 500 to about 1000 in NR. Considering that the UE reports CGI to the network to resolve PCI collision in LTE system, there may be no more new solution for NR.

	MediaTek
	- There are two kinds of PCI problems:

(1) PCI collisions of neighbouring cells: wrong configurations

(2) PCI confusion: e.g. when UE moves from macro cell to smaller cell layer

- Information provided by UE: neighbour cell PCI list (similar to ANR)

	Samsung
	Current PCI selection mechanism is sufficient.

	Deutsche Telekom
	Use of LTE approach for PCI selection as baseline for NR. Distributed and centralized approaches should be assessed under consideration of the flexibility in the NG-RAN architecture w.r.t. CU-DU split (possibly many cells under one CU).

	TIM
	PCI selection in LTE could be taken as starting point. Interest on both EN-DC and NR SA

	China Unicom
	Agree with TIM.

	QC
	The PCI selection issue can be resolved by LTE solution, i.e., initial PCI selection is based on network listen or OAM configuration and subsequent PCI conflict discovery can be based on ANR.

The ANR function can be reused here for PCI/CGI measurement by UE. The Xn/F1/X2 setup and configuration update procedure have supported PCI information exchange.

Therefore, we don’t see the requirement for further enhancement in rel16, but existing mechanisms should be captured in stage 2 spec, with LTE as baseline.

	OPPO
	Solutions of PCI selection in LTE could be the baseline.

	Ericsson
	We should take the LTE solution as baseline and investigate whether there are cases that require any additional optimisation to the baseline.


Rapporteur’s summary:

Observation: It seems a common understanding that PCI selection in LTE could be the baseline, further enhancement adapt to support ultra-dense network deployment and NR new features could be evaluated.

3.1.3 Use case: Mobility optimization
Description:
In LTE, Mobility Robustness Optimisation (MRO) aims at detecting and enabling correction of following problems, which will deteriorate user experience and waste network resources:

-
Connection failure due to intra-LTE or inter-RAT mobility;

-
Unnecessary HO to another RAT (too early IRAT HO with no radio link failure);

-
Inter-RAT ping-pong.

For connection failure due to intra-LTE or inter-RAT mobility, three kinds of failures were identified: too late HO, too early HO and HO to a wrong cell. The detection of the events is enabled by the RLF Indication and HO Report procedures. By analysing the report from UE and network side information, HO related parameters could be adjusted to resolve the detected problems. 
For unnecessary HO to another RAT, the RAN node in the other RAT (e.g. UTRAN or GERAN), may instruct the UE to continue to evaluate the received measurement reports with the coverage/quality condition received during the inter-RAT HO preparation phase and decide if an inter-RAT unnecessary HO report should be sent to the RAN node in the source RAT (E-UTRAN).

For inter-RAT ping-pong, the statistics regarding ping-pong occurrence may be based on evaluation of the UE History Information IE in the HANDOVER REQUIRED message. If the evaluation indicates a potential ping-pong case and the source eNB of the 1st inter-RAT handover is different than the target eNB of the 2nd inter-RAT handover, the target eNB may use the HANDOVER REPORT message to indicate the occurrence of potential ping-pong cases to the source eNB. 

For NR, mobility optimization solution should also be introduced to detect and resolve the above problems. LTE should be taken as the baseline. Intra-system (5GS) inter-RAT mobility and inter-system (5GS) inter-RAT mobility should be studied in the SI. Since new network architectures, e.g., MR-DC, CU-DU split, CP-UP separation and some new features, e.g., BWP, beam, etc, are introduced in NR, enhancements on the procedures and measurements are needed. For instance:

1) New information or measurement is defined and collected, e.g. besides cell level measurements, related beam IDs and beam measurements, as well as SUL information are also included in the RLF report, and/or HO Report.
2) Enhancement to F1/Xn/X2 to support mobility enhancement in CU/DU architecture, MR-DC.

Q1: Please provide your comments and revision suggestions on the draft description, and also provide the views on the main difference for this use case to be studied compared to LTE.
	Company
	Comments/Revision Suggestions

	Vodafone
	With regards to data sources it is important to be able to extract the mobility traffic from stationary to ensure that actions taken on cells have the required effect. This can be achieved via cell trace (geo-located), and potentially MDT 

	Huawei
	The definition of handover too later, too early, to wrong cell could be reused. The RLF reporting and network signalling in LTE could be taken as a baseline.

	Vivo
	Connection failure should include Beam failure and beam failure recovery failure

	CATT
	We agree with rapporteur’s view that intra-system/inter-rat mobility and inter-system inter-rat mobility should be studied. Also, the new architectures e.g.MR-DC needs to be considered. Besides, we think inter-system/intra-rat mobility(e.g.from eNB connects with EPS to eNB connects to 5GC)should also be taken into account.

	ZTE
	LTE solution should be taken as the baseline. Enhancements on the procedures and measurements are also needed after study the NR new architectures/features, e.g. MR-DC, BWP, beam, CHO, etc. For example, when the SN is a NR node in MR-DC, too late SN change, too early SN change also need to be avoided.

Both the intra-system inter-RAT case and intra-system intra-RAT case need to be considered with the Mobility Settings Change procedure, which includes too early HO, too late HO, unnecessary HO, ping-pong HO.The enhancement on RLF reporting is also in the scope.

	Nokia
	We agree with CATT and ZTE that the use case description seems to focus on inter-RAT mobility issues and not enough on intra-RAT ones. We agree with vivo to include beam failure and beam failure recovery information, which may prove vital not just optional. We share the view that RLF-report along MDT will be complementary solution to Mobility Optimisation.

	Orange
	The interest of beam granularity for mobility should be studied in Rel16 or later.

	BT
	LTE could be the baseline with additional factors from massive Mimo, beams etc. Study should consider different Services supported NR would impact on MRO (such as URLLC/ eMBB)

Correlation between MRO procedures whilst in MR-DC operation should be studied where CP and UP maybe carried on different RATs

	LG
	We definitely agree to study this use cases and it would better to take LTE functions as baseline. Considering time limitation of this study, Rel-15 mobility based use cases e.g., reconfiguration with sync, could be studied except on-going functions i.e., Rel-16 mobility functions. In order to support mobility enhancement in CU/DU architecture, we need to study enhancement to F1/Xn.

	MediaTek
	Wrong mobility parameters can cause RLF, Ping-pong, etc.

- Information provided by UE: mobility failure records

	Samsung


	Reuse LTE mechanism as baseline. 

For example, the definition of handover too later, too early, to wrong cell could be reused, Xn need to support RLF Indication and HO Rreport procedure. The content of RLF Indication and RLF Report may be updated by considering NR new features.

	Deutsche Telekom
	Most relevant topics are given in the use case description (e.g. architecture alternatives, massive MIMO). They have to be assessed w.r.t. their impact to approaches used in LTE for MRO. RLF reporting as defined for LTE should also be inherited to NR, enhanced with potentially additional specifica of NR (e.g. related to mMIMO and beam management).

	TIM
	LTE principles could be used as baseline, but considering enhancements related to e.g. use of beam-based mobility and new scenarios due to architectural split and MR-DC

	China Unicom
	Agree with Orange to study some new use cases for beam mobility management, while LTE MRO should be the baseline.

	QC
	 Impacts of beam support are expected. CU-DU impact could be studied with highest priority. 
In our opinion, DC is not a HO operation and should be discussed under a separate heading – MN HO is a special case of HO and SN HO is similar a special case that can be handled within standalone framework, existence of DC should not impact this feature

	OPPO
	The mobility optimization should be considered for RRC_CONNECTED UE, RRC_INACTIVE UE, RRC_IDLE UE respectively.

For RRC_CONNECTED UE case, the MRO can be the baseline, but also take the MR-DC case into account.

For RRC_INACTIVE UE, how to reduce the unnecessary RNAU should be considered.

For RRC_INACTIVE /RRC_IDLE UE, the ping-pong cell reselection issue should be considered. 

	Ericsson
	The LTE MRO solution can be a baseline. The new radio characteristics and architecture in NR should be considered in order to study what new information is needed for MRO in the NG RAN. 


Rapporteur’s summary:

Intra-system intra/inter-RAT and inter-system inter-RAT mobility optimization should be studied in the SI. NR new architectures/features, e.g. CU-DU split, MR-DC, BWP, beam failure/beam revovery failure should be addressed w.r.t. their impact to approaches used in LTE for MRO. Enhancement to RLF-report along MDT will be considered for Mobility Optimisation.

3.1.4 Use case: Load Sharing and Load Balancing Optimization

Description:

The objective of load sharing and load balancing is to distribute cell load evenly among cells or to transfer part of the traffic from congested cell, or to offload users from one cell or carrier or RAT to achieve network energy saving. This can be done by means of optimization of cell reselection/handover parameters and handover actions. The automation of such optimisation can provide high quality user experience while simultaneously improving the system capacity, and also minimize human intervention in the network management and optimization tasks.

Compared to LTE, NR new features, e.g. CU/DU split and CP-UP separation architecture, network slicing, and EN-DC/MR-DC should be considered in the load sharing and load balancing optimization in NR. Specifically, the gNB should be able to indicate its load to the peer gNBs over the Xn interface and to base stations of other RAT via core network. The X2 interface should be considered for EN-DC (NR load, LTE load), as well as 5GC connected eNBs (Xn). Study on inter-DU load sharing and balancing in one CU is needed. The slicing level metrics e.g. slice level radio resource utilization and slice availability also need to be taken into account for the reselection/handover parameters and handover action optimization. 
Both intra-RAT and inter-RAT load balancing scenarios should be supported. LTE is the baseline, studies for NR will focus on

1. Definition of the data required the load sharing and load balancing;

2. Functionalities and actions required to support the load sharing and load balancing, e.g., load reporting, adapting handover and/or reselection configuration
Q1: Please provide your comments and revision suggestions on the draft description, and also provide the views on the main difference for this use case to be studied compared to LTE.
	Company
	Comments/Revision Suggestions

	Vodafone
	The introduction of D-SON inter gNB over Xn interface is a great idea (and has been mentioned to RAN vendors through Vodafone). Due to the dynamic nature of load the gNB is the most effective way to load balance. One addition to the above would be to tune the best neighbour relations to balance load between peer gNBs using C-SON as the orchestrator. This tuning should be based on geo-located data sources such as crowd source or geo-located trace data. Locations of load within cells is generally repeated and knowing the cells which overlap these specific areas of cell coverage will allow for more effective load balancing.

Prediction should also be analysed as a potential C-SON use case if inter gNB over Xn interface is found to be infeasible 

	Huawei
	We think the study of MLB could consider the new features of NR, like slicing, SUL, MR-DC, CU/DU function split, etc.

	CATT
	LTE MLB mechanism could be used as baseline, the detailed load related parameters need more consideration, e.g QCI/ARP level radio resource utilization could be taken into account for the reselection/handover parameters and handover action optimization. Agree with CMCC, new NR feature e.g.CU-DU split and EN-DC/MR-DC needs to be considered for NR.

	ZTE
	LTE MLB is the baseline for NR, the cell load exchange mechanism needs to be achieved over F1(DU->CU), Xn (peer nodes), X2(peer nodes), E1 interfaces (UP->CP).

The definition of NR cell load needs to be clarified, especially in the case of BWP.

	Nokia
	It seems to us that specific 5G aspects are already covered by the text proposed by the rapporteur. Some editorials inserted above.

	Orange
	Differentiation between long-term and short term load balancing should be made: long term optimization can be performed via antenna / Massive MIMO optimization while short term can follow LTE optimization approach, namely via reselection/handover parameters. 

Intra RAT inter-frequency Vertical HO should be addressed. 

Geolocation information could be useful for any vertical mobility use case. 

	BT
	LTE should the baseline including both idle and connected mode load balancing.

NR load balancing need to specify sufficient information between node to allow an operator &/or algorithms to select load balancing mechanism for the correct scenario, additional data measurements are required to be exchanged between nodes e.g, user number per service type + other specific measurements for NR including beam management.
Agree other factors need to be studied such as Slicing/ CU/DU split/ EN-DC/MR-DC 


	DOCOMO
	The EN-DC/MR-DC, CU/DU split and CP-UP separation architecture should be considered, and the definition of load information in LTE also could be taken as a baseline.

	LG
	We agree with Huawei.

	MediaTek
	- Information provided by gNB w/o UE involvement: throughput measurements

	Samsung
	Taking LTE load balancing as the baseline. New features in NR can be taking into account.

	Deutsche Telekom
	The load balancing approaches and the required data collection should be adaptable according to applied NG-RAN deployment, considering centralized, distributed as well as mixed scenarios for gNBs (inter- and intra-gNB load balancing).   

	TIM
	As for CCO, Load balancing should be coordinate by a centralized function. We need to improve the definition of load by means of RAN resource model taking into account new technical features e.g. M-MIMO/BF and new service-related features, e.g. slicing, QoS flows, etc.

	China Unicom
	Agree to study the MLB mechanism and consider the new features, such as slicing, EN-DC, CU/DU function split, etc. Especially for EN-DC case, the inter-RAT load balancing should be supported in R16.

	QC
	This is a critical feature for SON deployments, especially with the varying throughput available between NR and LTE nodes and potential variance in capacity between FR1 and FR2 cells due to large BW differences. 

	OPPO
	Load balance can be for cell reselection case and HO case from cell level perspective, but also for beam level.

Load balance should also consider the load balance within one wideband carrier.

	Ericsson
	LB for LTE could be a good baseline. The solution should rely on RAN nodes to determine and share loads and to be able to trigger mobility for load balancing to distribute the load in the most efficient way.


Rapporteur’s summary:

LTE MLB mechanism could be used as baseline and study of MLB for NR could consider the new features of NR, like slicing, SUL, MR-DC, CU/DU function split, etc.  Specifically, the definition of load information to be exchanged or reported, as well as the distributed and centralized load balance approaches should be studied.

3.1.5 Use case: RACH Optimisation
Descriptions

The RACH configuration has critical impacts on user experience and overall network performance. The RACH collision probability, and therefore access setup delays, data resuming delays from the UL unsynchronized state, handover delays, transition delays from RRC_INACTIVE, and beam failure recovery delays are all affected by the RACH settings. In addition, performing RACH on the most suitable downlink beam is also important and will avoid unnecessary power ramping and failed RACH attempts. This is beneficial both for the network as well as for the attempting device; it allows to avoid unnecessary interference in the network and, also, reduce the experienced delay and UE energy consumption. In NR, a new feature allows UE to change RACH resource during a RACH procedure, which lead to more complex behaviour.
The setting of RACH parameters depends on a multitude of factors, e.g.:

  -
the uplink inter-cell interference from the Physical Uplink Shared Channel (PUSCH),

-
RACH load (call arrival rate, HO rate, tracking area update, RRC_Inactive transition rate, the request for Other SI, the beam failure recovery, traffic pattern and population under the cell coverage as it affects the UL synchronization states and hence the need to use random access), 

-   uplink (SUL) and supplementary uplink (SUL) imbalances,
-
PUSCH load, 

-
the cubic metric of the preambles allocated to a cell, 

-
whether the cell is in high-speed mode or not, 

-
uplink (UL) and downlink (DL) imbalances. 

The targets of RACH optimization are indicated as follows:

· Minimize access delays for the UEs under the coverage of popular SSBs 

· Minimize the delays for the UEs to request the other SIs

· Minimize the imbalance of UEs access delays on uplink (UL) and supplementary uplink (SUL) channel
· Minimize the beam failure recovery delays for the UEs in RRC_Connected.
· Minimize the failed/unnecessary RACH attempts on RACH resource before success.
Consequently, the RACH optimization function will attempt to automatically set several parameters related to the performance of RACH, for example:

· PRACH configuration index (resource unit allocation and preamble format). Since the PRACH configuration indexing is defined independently for FR1 and FR2, the index should be accompanied with relevant frequency indication (FR1 and pair spectrum/supplementary uplink, FR1 and unpaired spectrum, FR2 and unpaired spectrum);

· RACH preamble split (among dedicated, random-high, random-low, and ones used for on-demand SI request);

· Allocation of a beam identity per RACH occasion and contention-based RACH preamble split per beam identity. The beam identity can be either an SSB index or a CSI-RS resource id, identifying the beam on which PRACH is performed;
· Distribution of UEs over UL and SUL;
· RACH backoff parameter value;

· PRACH transmission power control parameters;

· Maximum number of PRACH transmission;
· Number of failed PRACH attempts until successful RACH completion. 
Automatic RACH parameter settings can be enabled by collecting the RACH report from UE and by PRACH parameters exchange between gNBs. The mechanism and content of information report/exchange for RACH optimization in LTE could be the baseline whereas taking NR new features. e.g., beam, SUL, etc into account 
Q1: Please provide your comments and revision suggestions on the draft description, and also provide the views on the main difference for this use case to be studied compared to LTE.
	Company
	Comments/Revision Suggestions

	Huawei
	RACH opt. of LTE could be baseline, and RACH reports should be able to identify the SSB, UL carrier type, beam index where RACH failure is detected by the UE.

	vivo
	RACH optimization study should include cases of SUL RACH and Normal UL RACH failures detection.

	CATT
	Agree with CMCC, the mechanism and content of information report/exchange for RACH optimization in LTE could be the baseline. New NR feature e.g. beam, SUL, could be considered for NR.

	ZTE
	LTE RACH optimization should be the baseline for NR. New feature impacts such as beams and MR-DC should be taken into account.

	Nokia
	We suggest some further clarifications relative to the PRACH resource. Also one additional parameter for optimization (number of failed PRACH attempts). (Cf. updates inserted above).

	Orange
	Difference between LTE and NR based on beam granularity needs to be taken into account (e.g. beam correspondence).

	LG
	We agree to study this case and LTE could be baseline. In the perspective of RAN2, we can study only NR specific issues e.g., beam measurement.

	MediaTek
	There are two important RACH use cases: connection establishment and mobility. For connection establishment, failure case can be reported by UE; this can be covered by Coverage optimization. For mobility, it can be covered by Mobility optimization.

	Samsung
	Take LTE PRACH optimization as baseline and further discuss whether enhancement is necessary.

	Deutsche Telekom
	The description covers already well the required considerations for NR on top of the LTE approach for RACH optimization.

	TIM
	Agree with Huawei and ZTE on using LTE as baseline with NR related enhancements. Higher priority should be given to mobility scenarios.

	QC
	The description looks fine，NR RACH optimization can reuse LTE RACH Optimization to enable optimization of:

1) RACH-ConfigGeneric

2) preamble partition: among dedicated, group A, group B; 

3) power control parameter 

and further consider RACH report enhancement by report number of beams attempted to access and SUL.

	OPPO
	The RACH resource configuration is too complex compared with LTE. So propose using LTE baseline with NR related enhancement.

	Ericsson
	We support Huawei’s views.


Rapporteur’s summary:

LTE RACH optimization could be baseline, and RACH reports should include NR-specific information including the SSB, UL carrier type, beam index, etc, where RACH failure is detected by the UE.

3.1.6 Use case: Energy Saving

Description:

Mobile operators are increasingly aiming at decreasing power consumption in mobile networks to lower their operational expense (OPEX) with energy saving solutions. With the foreseen deployment of more number of network elements in NR, e.g., small base stations with massive MIMO in high-band, energy saving becomes even more urgent and challenging. Energy saving can be achieved through radiated power optimization on air interface (transmission power optimization and lean carrier design), enhanced hardware supporting different sleep mode and coordinated power optimization among different cells. One of the typical energy saving scenario is that capacity boosters are deployed under the umbrella of cells providing basic coverage, the capacity booster can be switched off when its capacity is no longer needed and to be re-activated on a need basis. 
In Rel-15 NR WI, some functionality of energy saving has been supported, including cell activation/deactivation over Xn/X2/F1 interface, and peer eNB/gNB are informed by en-gNB/gNB owning the concerned cell about the activation/deactivation actions. These functionalities are mainly inherited from LTE, in addition to that, NR new features, e.g. sparser RS and SS signals, URLLC, CU/DU architecture and MR-DC should be further considered in the energy saving solutions in NR. Specifically different sleep modes (ms and 10ms) in gNB may change the frame structure and may have effect on UE and neighbour elements. How to make the decision of different kinds of sleep mode is not covered yet. Furthermore, to support more efficient 4G and 5G synergy, inter-system inter-RAT energy saving solutions should also be considered.

Q1: Please provide your comments and revision suggestions on the draft description
	Company
	Comments/Revision Suggestions

	Vodafone
	Something which needs to be included here is the use of SON to change the camping strategy during off-peak hours to improve the vendor specific RAN power save features. As an example, when capacity cells are deployed under an umbrella cell the camping strategy is generally to push traffic towards the capacity cell. This is a good strategy during peak hours but needs to be reversed when energy saving is required to move remaining traffic back to the umbrella cell, allowing energy saving on the capacity cells.

Also the inclusion of CDR data (giving IMEI-SV) can inform the network of the device mix within a cell (all techs and freqs) and allow traffic steering to create more power saving opportunities. 

	Huawei
	LTE like energy saving mechanism are already supported in rel-15 in NG-RAN. New functions should be driven by use case and motivations, given the support of ultra-lean design of NR PHY layer.

	CATT
	We generally agree with rapporteur’s analyses. We can take LTE as baseline with NR new features considered.

	ZTE
	From RAN3 scope, inter-system energy saving solution could be considered.

	Nokia
	Agree with Huawei: New functions should be driven by use case and motivations, given the support of ultra-lean design of NR PHY layer.

	Orange
	There is a need to define the necessary metrics to allow the derivation activation policies of advanced sleep modes (ASM), e.g. energy saving vs delays for different ASM activation levels and sequences  



	LG
	LTE energy saving mechanism could be baseline considering NR features.

	CTC
	Energy Saving is important for operators, MR-DC scenario should be considered in energy saving.

	MediaTek
	We should study based on UE energy saving studies.

- Information provided by UE: UE energy efficiency measurement

- Information provided by gNB: network energy efficiency measurement

	Samsung

	Energy saving similar as in LTE is defined in Rel-15 NR specification.


	Deutsche Telekom
	In contrast to 4G novel use cases like URLLC have be covered by NG-RAN for 5G (not just throughput). Any energy saving approaches have to consider also service aspects of currently active UEs (or UEs to be predicted to be active) to avoid that any cell switch-off may impact the service quality expected.

	TIM
	Agree with Huawei to analyse the use cases based on the NR L1 design.

	China Unicom
	Energy saving mechanism should consider the new service such as URLLC, and inter-RAT energy saving solutions should also be studied.

	QC
	Agree with Huawei and Nokia.

	OPPO
	Agree with Huawei.

	Ericsson
	Agree with Huawei. We have specified in Rel15 a number of procedures that allow the NG RAN to perform cell activation/deactivation and cell turn on/off as per LTE energy saving solution. This would seem sufficient however other proposals can be studied if needed.


Rapporteur’s summary:

LTE like energy saving mechanism are already supported in rel-15 in NG-RAN. Inter-system inter-RAT (between 4G and 5G) energy saving should be studied. New uses cases could be considered based on NR L1 design. Energy saving solutions leveraging on AI-like approach, e.g., active UE prediction was also proposed for further study by some companies.

3.1.7 Use case: Minimization of Drive Test (MDT)

Minimization of drive test functionality helps operators to reduce the requirement for time consuming drive testing by collecting measurements from the subscribers and network elements.

Companies are invited to share views on some general principles, trace dependence and measurement quantities for MDT in NR.

1) General principle and requirement for MDT 
There are two modes for MDT: logged MDT and immediate MDT. Logged MDT is to collect measurements from RRC idle mode UEs whereas immediate MDT is performed only for RRC connected UEs. 

Q1: Whether logged MDT and immediate MDT should be supported for NR MDT?

	Company
	Yes/No
	Comments

	CMCC
	Yes


	Yes, Both logged and immediate MDT should be supported for NR MDT. LTE MDT can be the baseline, but taking into account NR new features, some new measurements need to be defined and collected and moreover the MDT procedure may need to be improved.

	Vodafone
	Yes
	Agreed with above

	Huawei
	Yes
	LTE MDT can be the baseline

	vivo
	Yes
	

	CATT
	Yes
	LTE immediate/logged MDT could be baseline, and NR new features such as beam related measurement and report could be considered.

	ZTE
	Yes
	Agreed with above.

	Nokia
	Yes
	LTE should be the baseline for MDT in 5G

	Orange
	Yes
	

	BT
	Yes
	Yes, both logged and immediate MDT should be supported for NR MDT. The study should consider EN-DC& MR-DC aspects in addition to SA operation.

	DOCOMO
	Yes
	Both MDT types should be supported for NR MDT and should be considered NR new features.

	LG
	Yes
	Also agree with above

	MediaTek
	Yes
	- If MDT mechanism is to be reused, both logged and immediate MDT should be supported for NR MDT.

- We don’t think MDT should be listed here as a “use case”

	Samsung
	Yes
	Both should be supported.

	Deutsche Telekom
	Yes
	Both approaches are required. The LTE defined principles should be inherited to NR as far as possible to have consistency between both RATs.

	TIM
	Yes
	Agree with CATT

	China Unicom
	Yes
	Agree with above.NR MDT should be supported. 

	QC
	Yes
	Yes, we agree with CMCC. LTE MDT features should be revisited one by one for applicability and enhancement need for 5G new features.

	OPPO
	yes
	LTE logged MDT and immediate MDT is baseline with enhancement for NR. 

	Ericsson
	Yes
	Agree with CMCC


In NG-RAN, RRC_INACTIVE is introduced. It should be studied whether MDT task can be configured to inactive mode UEs. 
Q2: Whether MDT is supported for RRC_INACTIVE UEs? 

	Company
	Yes/No
	Comments

	CMCC
	Yes
	Logged MDT should also be adopted to collected measurements from RRC_INACTIVE UEs.

	Vodafone
	Yes
	Agreed with above

	Huawei
	Yes
	The MDT data reported from UEs may be used to monitor and detect coverage problems in the network. For UEs in RRC_INACTIVE, it is beneficial for operators to collect MDT data from UEs, and maybe logged MDT is one candidate solution.

	vivo
	Yes
	UE in RRC_INACTIVE has similar behaviour with UE in idle mode.

	CATT
	Yes
	Logged MDT for LTE IDLE mode could be extended to NR IDLE/INACTIVE mode as baseline.

	ZTE
	Yes
	Agreed with above.

	Nokia
	Yes
	Same reasoning as logged MDT in CELL_PCH state in 3G.

	Orange
	Yes
	At least for a subset of RRC_INACTIVE metrics.

	BT
	Yes
	Logged MDT should be used collected measurements from RRC_INACTIVE UEs. Logged MDT should be collected in both Idle and no coverage states, including "any cell selection” & ‘Camp On Any Cell’

	DOCOMO
	Yes
	Only logged MDT can be applied for RRC_INACTIVE UEs like RRC_IDLE UEs.

	LG
	Yes
	

	MediaTek
	Yes
	If MDT mechanism is to be reused, logged MDT can be supported in RRC_INACTIVE

	Samsung


	Yes


	It is beneficial to collect data from RRC_Inactive UEs. Logged MDT could be used .Configuration and reporting mechanism are similar as IDLE mode UE.

	Deutsche Telekom
	Yes
	As logged MDT is supported for IDLE UEs, it is straightforward to have logged MDT also for UEs in RRC_INACTIVE state.

	TIM
	Yes
	Agree to consider Logged MDT as baseline, for UEs in RRC_INACTIVE, for both LTE and NR within NG-RAN.

	China Unicom
	Yes
	Agree with above.

	QC
	Yes
	Agree with above.

	OPPO
	Yes 
	RRC_INACTIVE UE can be record measurement and report. But also consider to optimization the RRC_INACTIVE configuration case.

	Ericsson
	Yes
	Agree with CMCC


2) Dependence on trace

In LTE, the MDT signallings are embedded into existing trace procedures. Consequently, there are two types of MDT. One is management based MDT, where data is collected from multiple UE within a specific geographical area. A list of cells or tracking areas is used to define the target area within which measurements are recorded. The other one is signalling-based MDT where data is collected from a specific UE by reusing the subscriber/cell trace functionality.
Q3: Whether management based and signalling based LTE MDT procedure can be reused in NG-RAN MDT? Is there any difference for CU-DU split architecture and non split architecture, and for MR-DC?

	Company
	Yes/No
	 Comments

	CMCC
	Yes 
	LTE management based and signalling based trace procedure can be reused in NG-RAN MDT, but studies are needed for CU-DU split, CP-UP separation architecture and MR-DC, e.g., how to send the MDT measurement configuration to the RAN node and how to collect the measurements from different nodes.

	Huawei
	Yes
	Management based and signalling based MDT are two MDT initiation cases in LTE, and both should be the baseline for NG-RAN MDT.

For the second question, we agree with CMCC that studies may be needed in order to identify differences.

	CATT
	Yes
	In NR SA5 has already added support for 5g Trace in the specifications of 32.421~32.423, which includes use cases, requirements, activation/deactivation mechanisms, control and configuration parameters, and the definition of trace record. All of the above are similar with LTE, and could be reused for NG-RAN MDT. And we agree with CMCC that CU-DU split and CP-UP separation architecture should be considered.

	ZTE
	Yes
	LTE MDT is a good start for NR LTE(e.g management based and signalling based). The main different in NR MDT is how to apply measurements configuration and collection different deployments such as CU-DU,CP-UP and MR-DC. 

	Nokia
	Yes
	Principles may be reused. For the 5G DC variants, management based triggering in the master node will require coordination with the secondary node.

	Orange
	Yes
	Both management based and signalling based traces are needed.

The location of the information requires further studies

	DOCOMO
	Yes
	Agree with CMCC.

	LG
	Yes
	For second question, we need to study whether there is any difference for CU-DU split and non split architectures.

	Samsung


	Yes


	Both management based and signalling based trace function should be supported.

There are differences for dis-aggregated architecture (CU-DU split, CP-UP split) and aggregated architecture. Need to study how to configure MDT measurement and how to report in case of dis-aggregatedarchitecture.

	Deutsche Telekom
	Yes
	Both approaches should be considered for NG-RAN with special assessment w.r.t. differences in architectural deployment opportunities. Development of a similar framework as in LTE in order to have consistency between both RATs.

	TIM
	Yes
	Agree to use LTE as baseline, with additional consideration for CU/DU and CP/UP split

	China Unicom
	Yes
	Agree with CMCC.

	QC
	Yes
	Agree with CMCC, CU.

	OPPO
	
	Agree with CMCC.

	Ericsson
	Yes
	We need to study the applicability of MDT procedures to the NR split architecture. 


Either management based MDT or signalling based MDT is initiated by OAM. This is because the current use cases of MDT are mainly located in OAM, such as coverage hole detection, Qos verification, etc. In NG-RAN, it may be possible to extend the MDT to other use cases, which means it may be possible for a NG-RAN node to initiate MDT tasks for SON functions located at NG-RAN node.

Q4: Whether to consider NG-RAN initiate MDT tasks for NR?
	Company
	Yes/No
	Comments

	CMCC
	Yes
	

	Huawei
	
	For MDT mechanisms defined in LTE, OAM is in overall control of MDT. If NG-RAN is to be the role of OAM, we think we may need to study the following aspects:

1. It may be good to identify scenarios, use cases and motivation

2. For legacy MDT, there are lots of parameters that triggered from OAM, e.g. Trace related parameters, MDT PLMN list. What does NG-RAN do with these parameters?

3. For OAM initiated MDT, OAM may send the MDT configurations to some eNBs in a certain area, and then these eNBs will initiate MDT. If NG-RAN is to initiate MDT, when will NG-RAN initiate the MDT tasks? Any co-ordinations among eNBs in a certain area?

	vivo
	
	No strong view

	CATT
	Yes
	In LTE, it is already supported for RAN node to utilize MDT related report.If there are use cases available for NG-RAN node to initiate MDT tasks for SON functions,it is reasonable to study the new cases.

	ZTE
	Yes
	NWDAF WI in SA2 has the similar objective as Q4.We see benefits to isolate the MDT from Trace Which can provide more flexibility on MDT.

	Nokia
	TBD
	The origin of MDT configuration needs to be trusted. In LTE, it is based on ‘user consent’ known at OAM level. In case RAN will decide to trigger the configuration by itself, some questions need to be answered like the use of Trace ID for Data retrieval of Logged MDT. UE ID in RAN may also be a limitation as the permanent UE ID is not known in RAN.

In any case, the fundamental framework should cover the complete architecture (OAM-RAN-UE-RAN-TCE). Once the complete path is standardised, partial signalling will be anyway a segment of the overall solution and is not precluded.

	DOCOMO
	
	No strong view, but it may be helpful for D-SON function.

	LG
	
	No strong view

	Samsung


	
	It might be good to further identify the intention and the use case. Currently it is not clear in which use case a NG-RAN initiates MDT tasks.

	Deutsche Telekom
	Perhaps
	If MDT information could be applied for “usual” NG-RAN functionality, it would make sense to allow initiation by the NG-RAN. If we think about SON functionalities within NG-RAN nodes, is this still related to OAM? Or do we see those functions, e.g. for optimization purposes, as part of the CP? Depending on  the use case the initiation of MDT task in different nodes should be analysed.

	TIM
	Yes
	It could be good to consider some flexibility in MDT activation and configuration with respect to Trace mechanism, e.g. for D-SON or to activate the collection based on specific RAN conditions (see also the next question)

	QC
	
	Not clear what the use case for this beyond the existing defined MDT cases that the RAN needs to initiate this. This should not be defined unless a new use case is identified

	OPPO
	?
	Not sure yet.


3) Measurement collection

5G supports EN-DC/MR-DC and new architecture for gNB, e.g., CU-DU function split, and CP-UP separation, these architectures basically comprise of at least two network nodes. Take CU-DU split architecture for example, some measurements should be calculated in CU (L2 traffic measurement), while some others are calculated by DU (MAC layer measurement). So, generally, measurement collection can be from UE, DU, CU, CU-CP, CU-UP, master and secondary node in case of dual-connectivity.

Q5: Whether the MDT signaling procedure should be able to collect measurements from multiple RAN nodes, e.g., CU, DU, CU-CP, CU-UP, master node and secondary node?
	Company
	Yes/No
	Comments

	CMCC
	Yes
	Measurements at NG-RAN could be generated at different logical nodes. Therefore, MDT signalling should support the measurements collection from these nodes.

	Huawei
	
	In LTE MDT, measurements can be from UE or eNB. In NG-RAN, since there may be more network entities, it may be good to be open now, and we could have more studies.

	Vivo
	
	In LTE, eNB can also perform measurement and measurement collection. In NR a gNB may come as unique node, like eNB, or as different node, CU + DU(s). So may be allow that a DU can perform MDT measurements.

	CATT
	Yes
	Agree with CMCC

	ZTE
	Yes
	It is benefit to enable measurement collection in individual nodes (e.g. DU, UP, SN). And the possible interactive between multiple nodes is worthy of investigation.

In addition, new measurements need to consider based on new QoS architecture introduced in TS23.501 and new measurement requirement from SA5 (e.g TS 28.552).

	Nokia
	Yes
	cf. our comment to Q3, where signalling may be required to propagate OAM based activation in e.g. the master node or the CU.

	Orange
	Yes
	We agree with ZTE that new measurements need to be considered based on new measurement requirement from SA5 (e.g. TS 28.552), related to Energy Efficiency KPIs.

	BT
	Yes
	Measurements should be provided different logical node; the SI item should consider how the measurements can be correlated in the case of EN-DC/MR-DC. Measurements should be the same within an aggregated gNB as with a disaggregated gNB although the logical node calculating the measurement may be different.

	DOCOMO
	
	The E-UTRAN/NG-RAN measurements should be performed at proper nodes, but we may need to study how to collect the measurement results in RAN.

	LG
	Yes
	We agree with CMCC

	Samsung


	Yes


	If there is multiple nodes collecting measurement, we need to study how to report from each nodes.

Consider the SI time is limited, we need to prioritize the tasks. For example, collecting measurement from secondary node for EN-DC should have high priority, since this is the only way to collect MDT data related to NR cell if an operator has just EN-DC. While MR-DC with 5GC has lower priority.

	Deutsche Telekom
	Yes
	The MDT approach should cover all architectural options given by NG-RAN specifications w.r.t data collection from nodes. How to report and where to collect data is to be analysed.

	TIM
	Yes
	We need to consider the new scenarios related to split architecture and analyse efficient mechanism to configure, collect and correlate the measurements in the RAN nodes. Also both NR SA and EN-DC scenarios should be considered.

	China Unicom
	Yes
	Agree with CMCC.

	QC
	
	Measurement from multiple RAN nodes, e.g., CU, DU, CU-CP, CU-UP should be transparent to UE. 

We think the CU/DU impact should be studied.

	OPPO
	
	Measurement from multiple nodes should be transparent to UE.


4) Measurement quantities, events and faults
In addition to the legacy measurement, events and faults, some new ones which adapt to NR new features should be studied. E.g., measurements related to beam, SUL, slicing, etc. 

Q6: Companies are invited to raise new MDT measurement quantities for NR
	Company
	Yes/No
	 Comments

	CATT
	  
	 LTE MDT accessibility report which is not mentioned above could be included in MDT use case(or an independent use case), this is to report the failure for initial access;Meanwhile, whether RLF Report should be included in MDT related use case or SON related use case, need to be decided.

Agree with CMCC for NR new quantities below:

1) Beam related result report could be considered, for e.g. beam map;

2) UL/SUL for accessibility report, UE in IDLE could choice one carrier to perform RACH, and all UL transmission in this RACH procedure on same carrier.

3) Slicing related result report could be considered, for e.g. control UE mobility based on slice.

	ZTE
	Yes
	New MDT measurement quantities should take into account about new feature in NR, e.g beam, altitude, indoor positions.

	Nokia
	
	This is more part of the solution discussion, but we think that NR measurement should be taken into account.

	Orange


	  Yes


	Slice ID information to be added on top of radio measurements. Further studies are needed.

	BT
	Yes 
	LTE as baseline with further radio quality information such MIMO RANK, CQI, MCS, targeted channel estimation data feedback from infrastructure and UEs

NR Physical measurements RSRP, RSRQ, SINR, SSB parameters, channel estimation data

	Samsung


	
	Agree that some mew measurement quantities are considerable. E.g. beam measurement. 

	Deutsche Telekom
	Yes
	MDT should be enhanced to allow a consistent frame also reflecting user experience for services, taking into account the service characteristics of eMBB (incl. voice), URLLC and mMTC.

	TIM
	Yes
	Agree with ZTE and CATT on beam-related measurements, 

	QC
	
	Beam and SUL should be fine. 

Slicing related measurement quantities should be supported by gNB, but are not required by UE because QoS flow level is finest granularity for QoS. Based on UE reporting, Network can combine flow level information reported by UE into slicing.

	OPPO
	
	Slicing related measurements should be transparent to UE.


5) Other questions
	No
	Company
	Question

	1
	Huawei
	Whether LTE-5GC should be also considered for MDT?

In Rel-15, LTE-5GC was introduced. So far, MDT is not supported in case of LTE-5GC. In our opinion, if LTE-5GC is to support MDT, the main change will be RAN3 since from RAN2 point of view, most of signalling procedures can be re-used.

	2
	CATT
	Since both MDT and SON include many small topics, we propose to divide the current MDT use case to 1)Immediate/Logged MDT and 2) L2 measurement use cases. And accessibility report and RLF report could be listed as separate use cases if included in MDT scope.

	3
	Deutsche Telekom
	Specific emphasis should be given in further optimisation/enhancement regarding user anonymity and data privacy for users or user devices involved in MDT tasks.

	4
	TIM
	Wrt Huawei question, we support LTE-5GC MDT, at least to include the new features e.g. RRC_INACTIVE


Rapporteur’s summary:

It seems a common understanding that,

· Logged MDT, immediate MDT and accessibility report should be supported for NR MDT

· Logged MDT should also be supported for RRC_INACTIVE

· Management based and signalling based trace procedure in LTE can be reused in NG-RAN MDT, but studies for MDT configuration and measurements collection are needed for CU-DU split, CP-UP separation architecture and MR-DC

· LTE MDT measurements/failures could be the baseline, new MDT measurement/failures for NR, e.g., beam, UL/SUL asscesibility report, UE sensor information should be studied.

In addition, whether NG-RAN could initiate MDT tasks for NR needs further evaluation.

3.2 Other potential use cases

3.2.1 Use case: Edge Computing Optimisation

Sub-Case 1: Service aware RAN optimization

Improving per user per service quality of experience has become goals of operators to enhance competiveness and to develop new businesses beyond undifferentiated data traffic.

The data rate of the most promising services in 5G, e.g. HD Video and VR/AR, is high and the traffic demand could be highly dynamic. The dynamic could be caused by user interaction, e.g. video refresh, VR helmet or handle interactions. To cater for such dynamic traffic demand, it is required that RAN is aware of the real-time service requirement and in real-time provision enough radio resources. Otherwise, poor service user experience might be caused. 

Nevertheless, currently, RAN gets only semi-static QoS information from CN, and therefore cannot optimize radio resource allocations for the instant high data bursts, e.g. video or VR refresh data. 

Objective of the use case is to resolve conflicts between traffic demand dynamics and semi-static QoS, and conflicts between user experience and network efficiency/costs.

1. Definition of service information to be aware by RAN, especially instant service data rate requirements;

2. Service information data collection;

3. RAN data collection required to enable real-time RAN optimization for instant service requirements;

4. RAN functions and actions upon awareness of defined service information;
Q1: Do you think this use case should be studied in the SI? If yes, please provide further comments and suggestions. If no, please provide the reasons.
	Company
	Yes/No
	 Reasons/Comments/Suggestions

	CMCC
	Yes
	For operators, it is important to optimize both the user experiences and cut down the network costs. Service aware RAN optimization might help to resolve conflicts between real-time service requirement and static resource reservation, and conflicts between user experience and network efficiency/costs.

	Vodafone
	Yes
	Agreed with the above. Service info is required to gain insight into the real end user experience and how to best manage the requirements based on the service mix per cell. DPI information and data blending with Trace data is a key requirement to achieving this goal  

	Huawei
	
	The use cases agreed at last RAN3 meeting should be prioritized.

	vivo
	
	This may allow operator to perform localized service optimization at RAN side, with minimum significant core network involvement.

	CATT
	Yes
	It is important to enable real-time RAN optimization for instant service requirements considering such kind of services are promising in 5G.

	ZTE
	
	QoE measurement has been supported in LTE. More study may need to check whether QoE measurement with other Lay 2 measurement fulfill the requirement of Edge computing optimization. Considering the time limitation and priority requirement, the detail issue needs to be identified firstly. 

	Nokia
	
	We understand this part of the use case focuses on optimization for given services based on QoS monitoring (e.g. data rates). 

	Orange
	Yes
	Agree with above (CMCC comments). Availability of service information can allow real-time QoE optimization, with more efficient resource utilization. E.g. resource allocation by eNB/gNB for HTTP Adaptive Streaming (HAS). 

DPI based optimization seems complex, we recommend to prioritize simple solutions in Rel16, if any and postpone to Rel17 advanced solutions

	LG
	
	No strong view

	CTC
	Yes
	Service aware RAN optimization is important for operator improving user experience.

	MediaTek
	Yes (studied by SA2)
	- It’s about network function virtualization (NFV)

- Network need to know where UE is (at cell level); core network should have such information

- For further RAN involvement, we should consult SA2.

	Samsung


	
	Edge Computing optimization is promising, but considering the time limitation and edge computing optimization may cover more aspects, it is better prioritize the use case agreed in last RAN3 meeting.

	Deutsche Telekom
	Yes
	This use case should be considered if the TUs assigned to the SI allow it. Compared to use cases listed under Sec. 3.1 it has a lower priority, but is seen with higher priority compared to the other use cases in Sec. 3.2.

	TIM
	Yes
	Service-aware RAN optimization is a way to achieve real-time QoE optimization especially for services having stringent requirements (e.g. on latency)

	China Unicom
	Yes
	The use case is important and we can start from real-time QoE optimization first.

	QC
	Yes
	Agree with CMCC, this could be important to enable XR type applications

	OPPO
	yes
	

	Ericsson
	
	We recommend to focus RAN3’s effort mainly on the prioritized scenarios, which seem to be already challenging to complete within the time frame of a release. This particular use case seems to overlap the work already carried out in the Service Aware RAN WI, hence it should be first identified whether a valid use case and issue exist, should the scenario be brought forward


Sub-Case 2: RAN capability exposure to assist end-to-end performance optimization

Currently, the mobile applications adjust their data rate by rate estimation rather than consulting the mobile networks. The lack of communication between RAN and CN, and RAN and the applications brings challenges to end-to-end network optimization and user experience enhancement.

· Mismatch between fast radio channel variations and relatively slow application adjustments: since without instant knowledge of mobile network bandwidth, the application is not capable to adapt fast enough to the varying radio conditions. And it would lead to inefficient radio resource usage and sub-optimal user experiences. For example, for video applications, if the radio network bandwidth suddenly degrades, video stalling can be caused, and if there is random packet data loss, video quality degradation can occur.

Objective of the use case is to assist either CN QoS management or application data rate adjustments, so as to achieve end-to-end efficient usage of network resources and optimization of performance:

1. Definition of the radio network information to be exposed to assist core network QoS management and application adjustments, e.g. the available UE radio bandwidth for a data flow;

2. Data collection required to derive the radio network information;

3. RAN functionalities and Procedures to support radio network information exposure.

Q1: Do you think this use case should be studied in the SI? If yes, please provide further comments and suggestions. If no, please provide the reasons.
	Company
	Yes/No
	Reasons/Comments/Suggestions

	CMCC
	Yes
	RAN is an important part of the end-to-end data link. It is good to have RAN capability exposure to assist core and application parameters optimization. 

	Vodafone
	Yes
	This is an important use case and will require geo-located data sources along with route prediction to achieve best results 

	vivo
	
	No strong view

	CATT
	Yes
	Agree with the CMCC.To achieve efficient radio resource usage and further improve the user experience, it is important to take the use case into account.

	ZTE
	
	If RAN information retrival can be triggered by application layer, then the object of RAN information exposure has already been fulfilled.

	Nokia
	
	Agree with ZTE.

	Orange
	Yes
	We recommend to prioritize simple solutions in Rel16, if any, and postpone advanced solutions to Rel17

	MediaTek
	Yes
	

	Samsung
	
	Same view as in 3.2.1 sub-use case 1.

	Deutsche Telekom
	Yes
	This use case should be considered if the TUs assigned to the SI allow it. Compared to use cases listed under Sec. 3.1 it has a lower priority, but is seen with higher priority compared to the other use cases in Sec. 3.2.

	TIM
	Yes
	It could be good to analyse the use cases and to assess RAN impacts, if any.

	QC
	Yes
	Agree with CMCC. Also Network assisted throughput prediction is useful for TCP, video and AR/VR transmission. 

	OPPO
	yes
	Agree with CMCC.

	Ericsson
	
	We recommend to focus RAN3’s effort mainly on the prioritized scenarios, which seem to be already challenging to complete within the time frame of a release


Rapporteur’s summary:

Many companies especially operators thinks the service aware RAN optimization and RAN information exposure are promising use cases. These use cases could be studied to improve use experience and to enable efficient radio resource utilization. 

3.2.2 Use case: Per-UE Local RRM Policy Information Storage and Retrieval

This use case arises from the controversial discussion on UE differentiation in the NB-IoT WI. In order to support UE differentiation at eNB, the UE subscriber parameters can be sent from the MME to the eNB. It is called the subscriber-based UE differentiation method. Nevertheless, some companies think that UEs generally have different profiles at different times making these parameters hard to accurately predict/pre-configure. The eNB can instead learn the UE behaviour in the eNB itself much more reliably with the required granularity, reliability and adaptability, e.g., through machine learning. Therefore, the local RRM policy specific method is proposed as a complementary to subscriber-based UE differentiation method. The Local RRM policy specific UE differentiation information is generated by the E-UTRAN and maintained by different E-UTRAN nodes of the same local RRM policy over several IDLE-CONNECTED cycles. 
In the NB-IoT WI discussion, the local RRM Policy Specific method triggered a long debate and finally was not agreed. Considering that local RRM Policy Information storage and retrieval is a generic functionality not restricted to NB-IoT only, RAN #81 meeting agreed to include the study on this use case in the scope of RAN-centric DCU SI for both LTE and NR.

Note: Stage 2 description of local RRM policy specific UE differentiation information in NB-IoT is affiliated in the Annex A

Description: 
The subscribers in the network may have some specific profiles or characteristics. E-UTRAN/NG-RAN nodes in the network may want to customize some aspects of the RAN configuration for these certain subscribers (or groups of subscribers). The UE specific information that of interest for RAN can be stored at a network node and then is retrieved from the node over several IDLE-CONNECTED transition cycles. This allows RAN to customize the configuration for the UE without performing complex learning process at each UE state transition. 

Q1: Do you think this use case should be studied in the SI? If yes, please provide further comments and suggestions. If no, please provide the reasons.
	Company
	Yes/No
	Reasons/Comments/Suggestions

	Vodafone 
	Yes
	Local RRM Policy would affect the behaviour of the UE and its interaction with the network and its performance.

We also suggest to study the behaviour of the UE separately. 

	Huawei
	
	No strong view, but this is already in the scope of the SID.

	CATT
	
	No strong view. Just have some concerns on that the NG-RAN node may receive some useless information from other vendors.

	ZTE
	
	No strong view.

	Nokia
	No
	A specific solution for this use case based on RAN vendor proprietary containers was discussed and not agreed in Rel-15. In that solution the information collected by a given RAN node is visible neither to the CN nor to RAN nodes from other vendors. This could lead to system behaviour not expected by 3GPP, and other concerns were also raised. The use case might be studied based on collection/retrieval of standards defined information.

	MediaTek
	Yes
	UE-specific information collected and stored by RAN can help UE differentiation.

	Deutsche Telekom
	Yes, if some conditions are fulfilled
	If local RRM Policy Information storage and retrieval is seen as a generic functionality, it has to fulfil the requirement of openness, i.e., any UE-specific information collected/stored at a network node (see also VF’s proposal on UE based data collection) should be readable by or exchangeable with other nodes (CN/RAN) to avoid inter-operability problems when nodes (or NF, resp.) from different vendors are used. 

This use case should be considered if the TUs assigned to the SI allow it. Compared to use cases listed under Sec. 3.1 it has a lower priority.

	QC
	Yes
	The parameters in the profile should be standardized. 

	OPPO
	Yes 
	The mechanism can be studied, but the procedure and content profile should be reconsidered due to the normal UE and NR system.

	Ericsson
	Yes
	The mechanism is worth considering only if it allows for retrieval of the full RRM policy for the UE at the RAN node involved. An RRM policy is vendor specific and it would be difficult to identify all the parameters each vendor uses for its own RRM. If the procedure achieves only partial RRM policy identification there is no benefit in having it as time will be consumed to retrieve the remaining missing parameters. Hence focus should be on the mechanisms that allow immediate recognition of an RRM policy at the RAN and therefore reduction of time needed to serve a UE.


Rapporteur’s summary:

Companies show interests in the per-UE specific information storage and retrieval. Nevertheless, similar as the situation in NB-IoT discussion, some companies still have strong concerns on conveying the vendor specific information via standardized interface. Since this use case will be generalized to support generic UEs rather than NB-IoT UE only, to move forward, the use case could be studied based on collection/retrieval of standardized information.

3.2.3 Use case: URLLC Optimisation

QoS monitoring to assist URLLC service is one of the prominent use cases for URLLC optimization. This use case has been studied in the SA2 SI “Study on enhancement of URLLC supporting in 5GC”, with the key issue and potential solutions were captured in TR 23.725. The QoS monitoring mechanisms adopted in RAN will depend on RAN discussion.

Note: Both RAN3 and RAN2 reply LSs to SA2 indicate that the RAN aspects of QoS monitoring for URLLC optimization fall within scope of the "RAN-centric Data Collection and Utilization for NR" SI

Note: Solutions of QoS monitoring in TR 23.725 is affiliated in Annex B

Description:

URLLC services require stringent end-to-end QoS requirements including ultra low latency and very high reliability. This poses some challenges to the 5G System as several factors could affect the end-to-end QoS performance such as wireless coverage, network node (UPF/RAN/UE) resources, and transport network. The vertical applications may want to be aware of the real time latency (e.g., UL, DL or Round trip latency) of the URLLC service in 5G system, and the trouble shooting could be done based on the real time latency as the input. Nevertheless, in Rel-15, only QoS Notification Control is performed to monitoring the GFBR at RAN side. To achieve the end-to-end QoS monitoring, the real time QoS performance in 5GC and NG-RAN can be jointly monitored. 

In order to achieve requirements of URLLC services, the following RAN aspects would be studied:
-
Solutions for the RAN to monitor the real-time QoS of air interface, such as packet delay, jitter and packet error rate to assist to achieve URLLC services requirement and identify the RAN functional and interface impact to support the end-to-end QoS monitoring mechanism, including the QoS monitoring triggering and enforcement.

-
The appropriate RAN actions to take when the required QoS of URLLC services will not be satisfied, i.e., how to use the exposed QoS monitoring result to fulfil the QoS requirement of the URLLC service.

Q1: Do you think this use case should be studied in the SI? If yes, please provide further comments and suggestions. If no, please provide the reasons.
	Company
	Yes/No
	 Reasons/Comments/Suggestions

	CMCC
	Yes
	QoS monitoring for URLLC service is a prominent use case for operators, RAN part solutions should be studied following the discussion in SA2

	Huawei
	Yes
	We see that the SA2 requirement is about latency measurement for URLLC services. In Rel-15, SA5 sent a LS to RAN2 for discussing user plane latency measurement, and the details are shown in Annex C. RAN2 had some discussions regarding the SA5 requirement in Rel-15 time frame, but due to lack of time, RAN2 planned to discuss it in Rel-16. Details can be found in 10.2.14 Other in RAN2#101 minutes.

From technical point of view, both SA5 and SA2 would like to monitor the user plane latency between the UE and NG-RAN, so we think both requirements could be addressed together in this study item.

In addition, since URRLC services are important for both NR and LTE (LTE-EPC/LTE-5GC), we think this URLLC optimisation should be applied to both NR and LTE cases.

	vivo
	Yes
	Solutions of QoS monitoring as described in TR 23.725 should be considered.

	CATT
	Yes
	We have LS to SA2 that QoS monitoring for URLLC optimization is in the scope of RAN-centric Data Collection and Utilization SI, solutions for this use case should be further studied.

	ZTE
	Yes
	It could be covered by MDT, whether new measurements should be defined for URLLC depends on further investigation.

	Nokia
	Yes (requirements to be confirmed)
	We understand QoS monitoring is essential for operators. URLLC might be a good motivation, however some generic metric for QoS (e.g.. Throughput, delay) useful for service quality assessment may have a value in monitoring all services –not only URLLC
The solution should not impact RRM / scheduler tasks.

	Orange
	Yes
	QoS monitoring is an essential aspect of specialized services based on URLLC which will be enabled by 5G. The RAN aspects of QoS monitoring should be studied in RAN3 in coordination with SA2 on 5GC architecture and also with SA5 on OAM aspects. 

	BT
	Yes
	QoS monitoring relating to URLLC should be address within the study item

	LG
	No
	We are not sure that we can well optimise the URLLC function which is not completely developed in NR. Many kind of issue are still needed to be discussed for NR URLLC, so we’d better to study URLLC optimisation after having enough discussion in NR.

	MediaTek
	Yes
	

	Samsung
	Yes
	RAN impact can be discussed in this SI, based on the discussion of SA2.

	Deutsche Telekom
	Yes
	This use case should be considered if the Tus assigned to the SI allow it. Compared to use cases listed under Sec. 3.1 it has a lower priority.

	TIM
	Yes
	

	QC
	No
	QoS monitoring should be performed step-wise in the network, i.e., separately for backhaul, fronthaul and OTA delays.

The RAN part of the delay can be measured reusing LTE MMTEL MDT design:

· DL delay is measured by gNB;

· UL PDCP Packet Delay performed by UE is to measure Excess Packet Delay Ratio in Layer PDCP

For backhaul and core network delay, it could be measured by adding timestamp information into GTP-U header.

	OPPO
	Yes 
	Agree with CMCC.

	Ericsson
	
	We recommend to focus RAN3’s effort mainly on the prioritized scenarios, which seem to be already challenging to complete within the time frame of a release


Rapporteur’s summary:

Most companies think this use case should be studied in this SI. Further coordination/confirmation with SA2 may be needed.

3.2.4 Use case: LTE V2X Optimisation

Description:
Generally V2X services can be provided by PC5 interface and/or Uu interface. Support of V2X services via Uu interface is controlled by the eNB and the QoS performance could be guaranteed to some extent. Support of V2X services via PC5 interface is provided by V2X sidelink communication, which is a mode of communication whereby Ues can communicate with each other directly over the PC5 interface. For V2X sidelink communication, the resources can be allocated to Ues in two ways: scheduled resource allocation (mode 3) and UE autonomous resource selection (mode 4). For Ues in mode 3, the transmission resources are scheduled by the eNB. For Ues in mode 4, the UE on its own selects resources from resource pools based on sensing results and thus the eNB does not know the communication quality. To make the eNB become more aware of the channel utilization of the V2X sidelink communication, Channel Busy Ratio (CBR) measurement results is supported to be reported by the UE in RRC_CONNECTED. To help the eNB better schedule the resources for Ues in mode 3 in resource pool sharing case, sensing results is also supported to be reported by the UE, but only the Ues in mode 3.

In rapporteur’s understanding, the CBR measurements and/or sensing results are also required for zone optimization purpose. For example, when the CBR measurements indicate that the channel has been busy for a relativity long time or when the sensing results indicate there are almost no available resources left, the resource pool corresponding to the specific zone may need to be increased or the zone sizing may need to be re-planned. 

Q1: Do you think some UE measurements (e.g. CBR measurements and/or sensing results) should be collected for LTE V2X optimization, e.g., zone optimization purpose. 
	Company
	Yes/No
	 Reasons/Comments/Suggestions

	CMCC
	Yes
	

	Huawei
	Yes
	The study may include resource pool coordination between neighbour nodes, Sidelink QoS monitoring and optimization.

	Vivo
	Yes
	

	CATT
	Yes
	Agree with above.

	ZTE
	Yes
	Besides, some other UE measurements on sidelink/PC5 interface can be considered to be collected for V2X sidelink communication optimization, such as the coverage condition on PC5, sidelink resource utilization/congestion info for adjusting/reconfiguring transmission parameters adaptation table, sidelink QoS measurements.

	Nokia
	
	

	LG
	No
	In LTE V2X, our work focused on sidelink transmissions in ITS band. In our view, it seems not essential in Rel-16 to support network coordination and optimization of sidelink resources.

	MediaTek
	Yes
	

	Samsung
	Yes
	Resource pool configuration needs to be studied for zone optimization.

	Deutsche Telekom
	Yes
	This use case should be considered if the TUs assigned to the SI allow it. Compared to use cases listed under Sec. 3.1 it has a lower priority.

	TIM
	Yes
	

	QC
	No
	R14 V2X UE already supports the CBR measurement and reporting with location information. In addition, application level congestion control can derive the resource pool congestion information.

	OPPO
	yes
	

	Ericsson
	
	We recommend to focus RAN3’s effort mainly on the prioritized scenarios, which seem to be already challenging to complete within the time frame of a release


Rapporteur’s summary:

Most companies think this use case should be studied in this SI provided the TU allows. Except for the existing CBR measurements and sensing results, some other measurements may also be considered.

3.2.5 Massive MIMO (MaMIMO) [Proposed by Vodafone]
Strategic massive MIMO antenna deployment brings net positive gains to end user experience, and to the network ecosystem as a whole. Maximising the potential performance gains for MaMIMO antennas and assessing their impact on the surrounding network is an area requiring focus within the C-SON and D-SON domain. Data pertaining to MaMIMO antenna array usage would be very useful in the decision and feedback criteria for CCO and load balancing algorithms. This information can inform the algorithms whether the MaMIMO cells have the ability to handle traffic in specific locations (based on antenna array usage) in long term (CCO) or short term (load balancing) scenarios. In relation to optimising MaMIMO antenna arrays two practical network scenarios
 are proposed as described below:
Scenario 1- Improvement of the convergence rate to reach the optimal antenna beam pattern per user or per set of users 

Scenario 2- Improvement of the mobility and mobility robustness for high speed users. This would require a simultaneous feedback from the UE during data collection
“Scenario 1” proposes to add additional information to the decision making algorithm involved in optimising antenna array selection based on the cells traffic profile. As the antenna array optimisation will differ per cell it is important that this information is provided at a per cell level and may include information such as geographical population clutter, geographical user density based on crowd source or geo-located trace data, etc. 

“Scenario 2” is more closely related to optimising for specific users when in mobility. Learned beam forming sequences can be used to optimise the experience of a customer traveling in a certain direction on a certain route. Users in mobility can be estimated based on the cell handover patterns and when entering a MaMIMO cell can follow a specific learned pattern based on the predicted road they are traveling along. See Figure 2 below a graphical representation of this concept. 
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Figure 2 Massive MIMO case scenario
	Company
	 Comments/Suggestions

	Orange
	We note this use case comprises to parts: 

1.Beam definition for mobility optimization, which is long term optimization

2. Beam scheduling which is short term optimization


3.2.6 UE Based Data Collection [Proposed by Vodafone]
Description

Optimisation at a cell level is no longer a good enough indication of a network which provides adequate end user experience. Operators are moving from this network-centric reporting model towards customer-centric models. It is vital that UE level metrics are available to achieve this goal. Periodic UE level metrics are available from multiple domains such as RAN (trace, crowd source), core (MSS, PGW, SGW, SGSN), application (Deep Packet Inspection (DPI)) which can provide this rich view of customer experience. Algorithms can be used to stich these data sources together and aggregate/anonymise to an appropriate level without losing the required insights. For example, UE trace data can be collected from existing or new interfaces in the UE, and provide information on radio events such as, call-drops, radio link failures, messaging, etc. and in some cases geo-location information from MDT/RDT. Where geo-location is not available it can be estimated based on triangulation techniques. This could be categorised as a type of “crowd sourcing” data collection whereby large amount of data is collected from various UERs at different times providing a better view of network performance and various applications, in different locations.  

The proposed set of data to be collected from the UE include but are not limited to:

· RAT Technology used 

· Signal Strength/ RSRP/ RSRQ

· Channel Quality Indicator CQI

· Noise and interference level 

· Band information (what bands can UE detect) 

· Power Amplifier information / PAR information 

· Call Attempt Failures

· Drop Calls 

· Handover Failures

· Radio Link Failures (RLF) 

· Re-establishment Attempts  

· Coverage voids (no signal) locations

· Download and Upload Throughput

· QoS / Latency/ Jitter/ Packet Loss 
· Application information
	Company
	 Comments/Suggestions

	Orange
	Topic to be studied for Rel17

	Deutsche Telekom
	A consistent framework based on MDT principles is needed to address the collection and reporting of those parameters mentioned above. 

3GPP should provide a well defined and widely supported framework to avoid fragmentation of data collection between “(OTT) crowed sourced data collection” and well defined MDT based data collection from UEs.


Rapporteur’s comments:

We agree with Vodafone that cell-level optimization is not good enough, while user-centric model is required. Nevertheless, the UE based data collection is more like an approach to deal with the use cases rather than a use case. Basically, many of the user based data mentioned above could be defined when we discuss the solutions for the SON and MDT use case.

3.2.7 Use case: RAN Notification Area Optimization

Description:

NR has introduced the concept of RAN notification areas (RNAs). When a UE is sent from RRC_connected to RRC_inactive mode, it can be configured by the last serving cell with a RNA which covers one or more cells. All cells of the configured RNA have to be in the same CN registration area. As long as the RRC_inactive UE is moving towards cells which are part of the configured RNA, it does not have to notify NG-RAN. When it moves towards a cell which is not part of the configured RNA, then it has to send an RNA update (RNAU). Furthermore, the UE can be configured to send periodic RNAUs.  
If the last serving gNB receives DL data from the UPF or DL UE-associated signalling from the AMF (except the UE Context Release Command message) while the UE is in RRC_INACTIVE, it pages in the cells corresponding to the RNA and may send XnAP RAN Paging to neighbour gNB(s) if the RNA includes cells of neighbour gNB(s).

Obviously, the design of the RNA has impact on the overhead produced by RNAUs or paging. Small RNAs will cause a lot of RNAUs, and large RNAs will cause a lot of paging overhead. In the ideal case, only cells along routes which the UEs follow with largest probability should be part of the RNAs. This massively saves RNAUs, while not unnecessarily increasing the paging overhead.

3.2.8 Use case: System Information Area optimization
System Information (SI) is divided into Minimum SI and Other SI, where Minimum SI consists of Master Information Block (MIB) and System Information Block 1 (SIB1) that are periodically broadcast using two different downlink channels. The Other SI encompasses everything not broadcast in Minimum SI (SIB2 and above) and may be broadcast either triggered by the network or upon request from the UE., i.e., on-demand SI. SIBs other than SIB1 are delivered to the UE via SI messages where each SI message consists of SIBs having the same periodicity. The indication of whether an Other SI message is broadcasted or not is given in SIB1.

Any SIB except SIB1 can be configured to be cell specific or area specific using an indication in SIB1. The cell specific SIB is applicable only within a cell that provides the SIB while the area specific SIB is applicable within an area referred to as SI area, which consists of one or several cells and is identified by System Information Area (SIA) ID.

The cells of SIA would cover a certain geographic area and the network operator would expect that all UEs that are confined within this geographic area to use the corresponding common SI message. However, due to shadowing the borders between the coverage of cells, and in turn different SIAs, are smeared causing some geographic areas in e.g. SIA1 to be covered by another SIA2. For illustration, Fig. 1 and Fig. 2 shows one example where some areas in SIA1 are covered by SIA2. 

In Fig. 1, the UE returns to the original SIA1 after crossing for a short time SIA2
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5. Fig. 1: UE in SIA1 crosses for a short time SIA2 before switching back to SIA1.

The consequences of these short crossings of SIA2 are summarized in the following:

On-demand SI messages in SIA2 may have to be requested by the UE (if it does not have a valid stored version) and broadcasted by the network. In addition, the UE in Fig. 1 may have to request the on-demand SI messages again when it returns back to SIA1 after spending a short stay in SIA2. Note that the UE is required only to store the SI message of the cell that is camping on (serving cell). That is the storage and management of the stored SI in addition to the SI valid for the current serving cell is left to UE implementation. 

The main objective of this use case is how to detect the existence of geographic areas corresponding to SIA1 that are covered by another SIA2, for which the UE reselects to for a short time and acquires on-demand SI message and/or fails to acquire the required SI message.

3.2.9 Performance measurements for gNB [Proposed by Ericsson]
Performance measurements for gNB have been standardization by SA5 in TS 28.552 R15 for O&M. LSs from SA5 asked RAN2 and RAN3 to analyse and define the performance measurements for gNB in RAN2 specifications, some of the exchanged LSs are in S5-182574, S5-193622 and S5-184337 . Due to tight time schedule, RAN2 did not standardize the measurements in R15. RAN3 replied in R3-186232 that “The L2 measurement that may involve both RAN2 and RAN3 may be discussed and determined in the scope of the “RAN-centric data collection and utilization” SI”.

Some of these measurements could be performed by gNB only while some of these measurements need UE involvement.

The proposed set of data to be collected from the gNB include but are not limited to:

· Performance measurement for all gNB deployment scenarios

· Packet Delay

· Radio resource utilization

· UE throughput

· RRC connection number

· PDU Session Management

· Mobility Management

· TB related measurement

· PDU session modification

· PDU session release

· DRB session Management

· Performance measurement for non-gNB deployment scenarios

· Performance measurement for spilt gNB deployment scenarios 

· Packet Loss Rate

· Packet Drop Rate

· Packet Delay

· IP Latency measurement

· UE context Release

· PDCP data volume measurements

It is proposed to treat the analysis and definition of the measurements defined by SA5 as part of the Study on RAN-centric data collection and utilization for LTE and NR SI. As the measurements are the result of normative work, not necessarily related to the objectives of the SI, done in SA5, it is proposed that the measurements are interpreted purely for the purpose of observability at OAM level. Namely, as part of this use case RAN2 and RAN3 should not modify the measurements as a consequence of SON functions design. It is suggested that RAN2 takes the lead on this use case while RAN3 provides inputs on the measurements most relevant to RAN3 work. 
3.2.10 Use case: UE energy saving [Proposed by MediaTek]
For NR design, network energy efficiency and UE energy efficiency are two targets to optimize [TR 38.913]. For network energy efficiency, the standard metric is defined as:
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Then weighted average over at least 3 load levels and 2 deployment scenarios (coverage limited and capacity limited) can give a quantitative measure. Network energy efficiency (EE) is important to operators since EE can directly lower their operational expense (OPEX).

UE EE also has direct impact on UE cost and form factor and more importantly user experience, which is the key of 5G market penetration. In smartphone era, data traffic has dominated UE power performance and UE power consumed in connected mode becomes the major contributor of total UE power consumption. In connected mode, network behaviour has big impact on UE energy efficiency. However, for UE energy efficiency, there is no standard metric defined. Similar metric to the network efficiency can be considered. Then, weighted average over different traffic types (e.g., popular user applications), different deployment scenarios, etc, can provide a quantitative metric for UE energy efficiency. A standard metric for UE EE can guarantee NR UE to be operated at low baseline power (i.e. compare to LTE UE) and free from overheating at peak data rate.

In principle, such measurement should only focus on modem power consumption and without bias from different UE implementation, this has become possible with RAN1 study on NR UE power saving. In TR 38.840, evaluation methodology has been established with consensus on UE power consumption model. With the model, RAN (i.e. gNodeB) and UE can estimate UE power consumption based on link configuration and the scheduling record. 
	Company
	 Comments/Suggestions

	MediaTek
	With the consensus established in R1 study, L2 measure can be defined for UE EE. It can be collected by gNB and/or collected and reported by UE, e.g. through MDT framework. 

	
	


4 Summary and proposals

4.1 Summary of the email discussion

In the below, summaries of discussion on each use case are provided,
For agreed use cases in TR 37.816 v 0.1.0:

1) Coverage and Capacity Optimization

It seems a preference to split CCO into long term and short term functionalities. For the long term functionality, it could use LTE CCO as the baseline with additional study for beam management parameters and to a large extent it can be covered by MDT. For the short term functionality, the LTE solution may also be taken into account as baseline and opportunely enhanced, additionally massive MIMO use cases should be studied.
2) PCI selection
It seems a common understanding that PCI selection in LTE could be the baseline, further enhancement adapt to support ultra-dense network deployment and NR new features could be evaluated.
3) Mobility optimization
Intra-system intra/inter-RAT and inter-system inter-RAT mobility optimization should be studied in the SI. NR new architectures/features, e.g. CU-DU split, MR-DC, BWP, beam failure/beam recovery failure should be addressed w.r.t. their impact to approaches used in LTE for MRO. Enhancement to RLF-report along MDT will be considered for Mobility Optimisation.

4) Load Sharing and Load Balancing Optimization

LTE MLB mechanism could be used as baseline and study of MLB for NR could consider the new features of NR, like slicing, SUL, MR-DC, CU/DU function split, etc.  Specifically, the definition of load information to be exchanged or reported, as well as the distributed and centralized load balance approaches should be studied.
5) RACH optimization
LTE RACH optimization could be baseline, and RACH reports should include NR-specific information including the SSB, UL carrier type, beam index, etc, where RACH failure is detected by the UE.
6) Energy Saving

LTE like energy saving mechanism are already supported in rel-15 in NG-RAN. Inter-system inter-RAT (between 4G and 5G) energy saving should be studied. New uses cases could be considered based on NR L1 design. Energy saving solutions leveraging on AI-like approach, e.g., active UE prediction was also proposed for further study by some companies.
7) MDT
It seems a common understanding that,
· Logged MDT, immediate MDT and accessibility report should be supported for NR MDT
· Logged MDT should also be supported for RRC_INACTIVE
· Management based and signalling based trace procedure in LTE can be reused in NG-RAN MDT, but studies for MDT configuration and measurements collection are needed for CU-DU split, CP-UP separation architecture and MR-DC
· LTE MDT measurements/failures could be the baseline, new MDT measurement/failures for NR, e.g., beam, UL/SUL accessibility report, UE sensor information should be studied.
In addition, whether NG-RAN could initiate MDT tasks for NR needs further evaluation.
For other potential use cases:
1) Edge computing optimization
Many companies especially operators thinks the service aware RAN optimization and RAN information exposure are promising use cases. These use cases could be studied to improve use experience and to enable efficient radio resource utilization. 
2) Per-UE Local RRM Policy Information Storage and Retrieval

Companies show interests in the per-UE specific information storage and retrieval. Nevertheless, similar as the situation in NB-IoT discussion, some companies still have strong concerns on conveying the vendor specific information via standardized interface. Since this use case will be generalized to support generic UEs rather than NB-IoT UE only, to move forward, the use case could be studied based on collection/retrieval of standardized information.

3) URLLC Optimization

Most companies think this use case should be studied in this SI. Further coordination/confirmation with SA2 may be needed.
4) LTE V2X Optimisation

Most companies think this use case should be studied in this SI provided the TU allows. Except for the existing CBR measurements and sensing result, some other measurements may also be considered.
5) Massive MIMO
This is a newly added use case which was not comprehensively discussed in the email discussion. 
6) RAN Notification Area Optimization

This is a newly added use case which was not comprehensively discussed in the email discussion. 
7) System Information Area optimization

This is a newly added use case which was not comprehensively discussed in the email discussion.

8) Performance measurements for gNB

It seems reasonable to define a new use case of measurements for OAM observability for timely treatment of SA5 normative work.

9) UE energy saving
This is a newly added use case which was not comprehensively discussed in the email discussion.

4.2 Proposals

Proposal 1: RAN3/RAN2 to discuss and agree on the use case description provided in the text proposal for the use cases agreed at last RAN3 meeting. RAN3 could take the lead of all the use cases except for MDT. The description for MDT could be discussed and agreed by RAN2.
Proposal 2: RAN2 to discuss and consider the potential agreements on principle and requirement for NR MDT as below, 
· Logged MDT, immediate MDT and accessibility report should be supported for NR MDT
· Logged MDT should also be supported for RRC_INACTIVE
· Management based and signalling based trace procedure in LTE can be reused in NG-RAN MDT, but studies for MDT configuration and measurements collection are needed for CU-DU split, CP-UP separation architecture and MR-DC
· LTE MDT measurements/failures could be the baseline, new MDT measurement/failures for NR, e.g., beam-related measurements, UL/SUL accessibility report, UE sensor information, should be studied.
· To further evaluate whether NG-RAN could initiate MDT tasks for NR



Proposal 3: For other potential use cases, RAN3/RAN2 to discuss and decide whether to study the use case in the SI and give the priority if needed. The text proposals provided for these use cases could be the starting point. RAN3 could take the lead of all the use cases in the text proposal except for gNB measurement (SA5 defined in normative work) and UE energy saving. The description for the two use cases could be discussed and agreed by RAN2. 
� More case scenarios can be added 
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