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1 Introduction

CB: # 1005_SONMDT_LoadBalancing

- Topics for discussion: 

  - Slice level information

  - “list of interfaces” for the agreement on TNL capacity

  - Unlicensed spectrum load

  - Load in different BWPs

  - multi-panel UEs

  - SSB area (or group of SSB Areas) granularity for Handover Trigger

  - SUL load

  - Per-cell indication of potential resource aggregation

  - NETWORK ACCESS RATE REDUCTION message enhancement

  - Enhancement for SgNB to request load information from MeNB

  - CHO Preparation Trigger Change and CHO Execution Trigger Change

  - May also discuss other topics based on contributions

- Propose to have the discussion in two phases; if there are agreements in the first phase, can proceed to discuss TPs in the second phase

(Nok - moderator)

Summary of offline disc R3-206881
2 For the Chairman’s Notes

Agreements:

Load information from the MN to the SN is enabled starting from Rel.16 (as discussed in CB # 101, CR proposed there in R3-207110).
PRB related load metric will be enabled to be reported per slice on F1 and Xn; FFS on details.
To be continued at the next meetings

SUL capacity: proponents are encouraged to explain how the source can know that SUL capacity can help particular UE.

Per-beam threshold information: proponents should further explain how it will be used for the mobility setting change procedure (e.g. if the source can configure per-beam HO measurement in the UE).

Per-slice threshold information: proponents should further explain how it will be useful for the mobility setting change procedure.

Per-cell information on resource aggregation: further discussion on on pros and cons is needed once more agreeable enhancements are in place.

Further clarification of the TNL load information is needed, but shall be formulated even more clearly.

Reporting of the resource utilization or available capacity per BWP should be further justified (especially in reference to the way the initial BWP is used).

To be continued in TEI17
RRC Reject template for the DU: it shall be clarified if the DU is allowed to formulate the RRC Reject on its own.
Propose the following:

R3-20xxxa, R3-20xxxc merged

R3-20xxxc rev [in xxxg] – agreed

R3-20xxxd rev [in xxxh] – agreed

R3-20xxxe rev [in xxxi] – agreed

R3-20xxxf rev [in xxxj] – endorsed

Propose to capture the following:

Agreement text…

Agreement text…

WA: carefully crafted text…

Issue 1: no consensus

Issue 2: issue is acknowledged; need to further check the impact on xxx. May be possible to address with a pure st2 change. To be continued…
3 Discussion (1st round)
3.1 Load information from the MeNB to the SgNB

In a paper co-signed by 3 companies, including an operator [8-9], it is proposed to extend the load reporting mechanism in EN-DC so that the SgNB may request load information from the MeNB (and use it e.g. in case it considers release of DC operation).

Please, provide your comment on the above proposal.

	Company
	Comment

	Nokia
	Yes, this is needed.

The need is confirmed by a TP co-signed by an operator.

	CMCC
	Although it does not serve for the purpose of MLB, it can be considered.

	Deutsche Telekom
	We support the proposed extension.

	BT
	Yes, this is required, SgNB should be able to request the load information from the MeNB, for cases where the SgNB is requested to release or reduce the SN resources.

	Huawei
	This issue is discussed in corrections. We think we need to have this discussion in one place, not in two places. If it that problem is solved there, there is no longer any reason to include this solution.

	Ericsson
	Yes, this may be useful

	Samsung
	This can be considered. But as HW indicated, it should  be discussed in one place.

	ZTE
	Yes, we submitted similar paper in Rel-16, but no further discussion. In Rel-17, this topic should be considered.


Proposal 1: Considering majority’s preference, including several operators, RAN3 acknowledges usefulness of load reporting from the MN to the SN. The TP in R3-205960 is to be endorsed.

3.2 Resource allocation on SUL

Three companies propose separately [10,13,15] to report radio resources allocated to SUL separately over Xn.

Please, provide your comment on the above proposal.

	Company
	Comment

	Nokia
	No, this is no needed.

As already discussed, SUL load has hardly any impact on load balancing.

	CMCC
	Yes. It helps the source node to choose appropriate potential target nodes.

	Deutsche Telekom
	From our perspective it makes sense to provide separate SUL information.

	Huawei
	SUL and UL may have very different capacity

If SUL is overloaded, it makes no sense trying to suggest to move users into an area where SUL is likely to be used, it would be better to move other UEs.

It seems the main point is the discussion whether the source can be sure the target will select the SUL or not for a specific UE. In a sense it is similar as SSB. Source cannot know which SSB will be selected. He may guess but he can't know.

So the main question is if we can agree to give such additional information to the source cell.

	LGE
	As mentioned in Huawei, it makes no sense to trigger HO for load balancing toward an area where SUL is overloaded. So, providing this additional information to the source cell is beneficial to select appropriate target cells.

	Ericsson
	No need to signal SUL load. SUL load can be provided as part of UL load/available capacity, if this is really needed. Namely, when UL capacity is received, it can be assumed that this includes SUL capacity.  
Regarding the parallel with SSB load:
With SSBs the source triggers mobility based on SSB signal levels, i.e. the mobility events are calculated based on the SSB RS signal strength and therefore mobility is triggered towards the one or more SSB where signal strength. Hence knowing the SSB area load makes sense because mobility is done towards an SSB area. However, there is no mobility measurement reported by the UE that reports an indication of SUL. The UE may even be outside SUL coverage (coverage is variable, it cannot be excluded that in certain areas NUL coverage is just as good or better than SUL) and this will not be known at source node. Therefore there is no mobility decision the source can take based on SUL load and for that the information is not needed.

	Samsung
	Agree with LGE

	ZTE
	Not needed, share the view with Nokia and Ericsson.

	CATT
	Agree. We agree with Huawei.


Proposal 2: Considering split opinions, the discussion has to continue. Proponents are encouraged to explain how the source can know that SUL capacity can help particular UE.

3.3 Slice-related load information enhacements

Three companies, including an operator, propose separately to enable providing resource allocation per slice. This proposal consists of following building blocks:

1) PRB usage per slice on F1 [1,4-5,16-20];

2) Available capacity per shared slice on Xn, F1 and E1 [16-20]

3) Overload indication per slice on F1 and E1 [1,4-5]

Please, provide your comment on the proposal 1 above:

	Company
	Comment

	Nokia
	Yes, this is needed.
Proposal 1 should be the top priority – the need is confirmed by a contribution from an operator. 

	CMCC
	Yes. We support to introduce slice PRB usage at least on Xn and F1. In our opinion, if slice PRB usage can be transmitted from DU to CU over F1, it is natural to exchange slice PRB usage between NG-RAN nodes over Xn.

	Deutsche Telekom
	We support the transfer of slice-related load information based on P1.

	BT
	Yes, support adding slice PRB usage

	Huawei
	Could be fine, but we should exchange available PRB per slice. If we signal used PRBs we need to exchange the slice policy. The slice policy is configured to each gNB but it is up to RRM to map this to resources. 

	LGE
	We share CMCC’s view.

	Ericsson
	With regards to 1) we do not think this metric adds anything to the per slice CAC. PRB utilization is only indicating the used PRBs. Plus, there is substantial design complication in having to indicate whether a PRB is occupied in a slice dedicated set of resources, or in a shared set of resources, or in a reserved set of resources. In most of the cases a scheduler will aim for full spectral utilization, which means PRB utilization == 100%, hence all the complication added by PRBN utilization per slice would not help in understanding the real available capacity at the target cell. 



	ZTE
	Yes, we support introducing the slice level PRB usage, which meets the requirement from operators. 

	CATT
	We share CMCC’s view.


Proposal 3-1: Considering majority’s preference, including several operators, RAN3 will enable resource (PRB) utilization reporting per slice on F1 and Xn. To be discussed further how to enable it so, that in case it is difficult for implementation, it does not have to be provided (e.g. optional info up to the sending node).
Please, provide your comment on the proposal 2 above:

	Company
	Comment

	Nokia
	Can be postponed until signaling for proposal 1 is decided
The needed signaling is quite complicated to be introduced. Also, it should be defined differently than in proposed TPs.

	CMCC
	Note that ‘Slice available capacity’ as a slice-related CAC-like metric has been supported on Xn and F1 in R16. We would like to point out that the current CAC-like mechanism does not solve the inter-operability issue, so we support to introduce slice PRB usage instead.

	Deutsche Telekom
	We see it as useful information, but we agree with Nokia that further discussion on signaling is needed.

	Huawei
	Could be fine, but more technical discussion is needed

	Ericsson
	With regards to P2, we do not think we should exchange information about the radio resource management policy per slice, hence we think P2 is not needed. 



	Samsung
	More discussion is needed.

	ZTE
	The radio resources could be shared among different slices. In this case, the slice CAC or PRB usage could be divided into dedicated level and shared level.

	CATT
	We think it could bring useful information to peer node.


Proposal 3-2: Considering rather negative opinions, the need to report shared resource (PRB) utilization should be evaluated only when resource utilization per slice is defined (see proposal 3-1).
Please, provide your comment on the proposal 3 above:

	Company
	Comment

	Nokia
	Yes, this is needed
It is useful while very easy to introduce.

	CMCC
	Yes, it can be considered.

	Deutsche Telekom
	It is an easy indicator, but we don’t see it useful without further granular information coming with other IEs.  In addition, it has to be clarified why only a single slice may be in an overload situation (see definition of Affected Slice IE).  In case of gNB-DU overload several slices may be affected.

	BT
	Yes, support adding overload indication

	Huawei
	When we added overload indication, there was a long discussion on whether it is better to wait for MLB rather than having two competing solutions. The compromise was to go for a simple overload indication. Now when we have MLB, there is no point in expanding the overload.

	Ericsson
	Agree with Huawei. Besides we already provide per slice CAC, from which we can deduce when a cell is reaching saturation for a given slice.

	Samsung
	Agree with Huawei and Ericsson

	
	


Proposal 3-3: Considering rather negative opinions, the need to indicate overload per slice should be evaluated only when resource utilization per slice is defined (see proposal 3-1).

3.4 Enhancements to the mobility setting change

Three companies propose to enhance the Mobility Setting Change procedure:

1) Changes of the mobility settings should be done per beam [12,14];

2) Changes of the mobility settings should be done per slice [13];

3) CHO preparation threshold should be provided in the mobility setting change [12];

Please, provide your comment on the proposal 1 above:

	Company
	Comment

	Nokia
	No sure if this will work. Can the HO measurement configured in the UE per beam, or per cell?

	CMCC
	Yes. It could be beneficial.

	Deutsche Telekom
	We support the introduction of SSB area level granularity for HO trigger adjustment. 

	BT
	Support adding beam granularity

	Huawei
	We do not see the benefit.

	Ericsson
	UE measurements are per SSB RS and cell quality derivation is calculated per SSB RS. It is therefore useful to be able to modify the HO trigger on a per SSB level to steer the UE to cell sections where there is more capacity

	Samsung
	For handover, it is the target node to select which beam in the target cell will serve the UE. The source doesn’t know. 

HO trigger is per pair of cells, not per beam. Therefore, it is not needed.

	CATT
	Considering Ho trigger is per cell not per beam,we don’t think it is needed.


Proposal 4-1: Considering rather split opinions, it shall be further explained how per-beam threshold information will be used for the mobility setting change procedure (e.g. if the source can configure per-beam HO measurement in the UE).

Please, provide your comment on the proposal 2 above:

	Company
	Comment

	Nokia
	Yes, we are interested to discuss it further.

This is another flavor of per-UE-group mobility setting negotiations. This topic was discussed long time ago and then decided to be unnecessary because the source node has enough information to set HO threshold per each UE type. Nonetheless, we could review if anything has changed since early LTE time in this respect.

	Deutsche Telekom
	More discussion needed on that topic.

	Huawei
	In LTE, the question was how differentiated HO decisions in the source could be communicated with the target to avoid follow up problems (ping-pongs). 

Several options were discussed. One was using standardized "RAN specific groups" but this was ruled out since it was limiting the flexibility by standardizing the criteria used to determine the group.

But in this case we have grouping in the form of slices.

	LGE
	Further discussion is needed, like Nokia said, because anything could have changed since early LTE time.

	Ericsson
	It is already possible to set mobility offset on a per UE basis. The mobility setting change is instead a procedure that has an effect at cell level, i.e. for all UEs. We therefore think that this aspect is already achievable and that source can communicate to target the mobility criteria according to which the HO was triggered, so that target does not trigger ping pong Hos back to source.

	Samsung
	Not clear on how to use CHO-related parameters in the neighbor. 


Proposal 4-2: Considering rather split opinions, it shall be further explained if per-slice threshold information will be useful for the mobility setting change procedure.

Please, provide your comment on the proposal 3 above:

	Company
	Comment

	Nokia
	At this moment this new threshold is not necessary (does not impact resource utilization directly).

This topic should be discussed as part of 10.2.6.

	Huawei
	We do not see the benefit of this.

	Ericsson
	Not needed

	ZTE
	Not needed


Proposal 4-3: The threshold for CHO initialization is not needed for the mobility setting change procedure (and it should be discussed as part of the SON for the mobility enhancements).
3.5 Load information on gNBs connected to a neighbour eNB node

One company proposes to enable requesting a neighbout eNB to provide a separate report on resource utilization at available en-gNBs [11]. 

Please, provide your comment on the above proposal.

	Company
	Comment

	Nokia
	Not needed. 

This can be included in the composite available capacity.

	Huawei
	Not needed

	ZTE
	Not needed

	CATT
	Agree.

Nevertheless it could be a more abstract metric, i.e. an “aggregated NR load indicator”.


Proposal 5: Load information on gNBs connected to a neighbour eNB node does not seem needed now.
3.6 Per-cell information on resource aggregation

One company proposes to enable providing per-cell information on possible resource aggregation [14]. 

Please, provide your comment on the above proposal.

	Company
	Comment

	Nokia
	Too complicated.

This could be too expensive for little gains. Periodic sending of information for all cells will cause extensive signaling. This should be rather considered in X2/Xn setup and then configured by gNBs as per that indicatoin.

	Deutsche Telekom
	Interesting upgrade, but it needs more discussion on pros and cons.

	Huawei
	Do not see immediate benefit. 

	Ericsson
	We support the idea of indicating whether resource aggregation is possible with other neighbor cells. 

It might be possible to discuss solutions where X2/Xn SETUP / CONFIGURATION UPDATE is impacted instead of RESOURCE STATUS UPDATE. 
However, acting only at X2/Xn Setup may not provide reliable information on the cells available for resource aggregation configurations. Such information may be gained only after a certain time in operation, i.e. only after X2/Xn Setup. 
An alternative proposal to address the issue of signaling load may be to use RESOURCE STATUS UPDATE, but the load information would be retrieved more “on-demand”, using similar criteria as those proposed for Inter-System Load Balancing.

	CATT
	Disagree. It is not backward compatible, i.e. change the existing definition of eNB cell load.

And from the technical perspective it has significant drawback as well.

Please consider the following scenario: eNB1 is collocated with en-gNB1, and eNB2 is its neighbor. One day eNB1 experiences 100% load due to a lot of LTE legacy UEs, but en-gNB1 experices 0%. And eNB1 reports to eNB2 that its load status is at 50%. And eNB2, with a load of 70%, triggers handover of a LTE legacy UE toward it for load balancing—This is obviously suboptimal as eNB1 is in fact already jammed.

	
	


Proposal 6: Per-cell information on resource aggregation needs further discussion on pros and cons (once more agreeable enhancements are in place).

3.7 Enabling the CU to provide the DU with the RRC Reject template

One company proposes to enable a mechanism that enables an overloaded DU to avoid unnecessary forwarding of access requests to the CU [6-7]. 

Please, provide your comment on the above proposal.

	Company
	Comment

	Nokia
	Yes, we propose and support it.

This can help avoid unnecessary signaling at already overloaded DU.

	Deutsche Telekom
	We see benefits with this proposal.

	BT
	Should be considered

	Huawei
	This is not SON functionality. This looks more like TEI17

	Ericsson
	It seems strange to provide to the DU a template RRCReject, given that the scenario considered is where the rejection is due to an issue at the DU. Namely, the DU has a problem, the DU has to reject to UE, the DU knows the wait time to include in the UE (as the DU knows the nature of the problem). Why should the CU generate the RRCReject and send it to the DU? Shouldn’t the DU be free to construct the RRCReject and sent it to the UE? I.e. the DU chooses the wait time ad it believes it best suites the DU issue causing rejection? So we may support the idea of DU signaling RRCReject, but we propose that DU builds the message by itself.

	CATT
	Ok with this purpose, but agree with Huawei that it looks more like TEI17.


Proposal 7: Considering majority’s support, it is agreed that the CU may provide a template of the RRCReject message to the DU, to be used in case of overload in the DU (DU is not allowed to formulate RRC messages on its own). The TP in R3-205958 is endorsed (possibly with FFSes, if needed).

3.8 Further clarification of the TNL load information

One company proposes to clarify further that the TNL load information used on X2 and Xn is based on load reported over relevant interfaces [1-3]. 

Please, provide your comment on the above proposal.

	Company
	Comment

	Nokia
	Yes, this could complete the discussion started at the last meeting.

	Deutsche Telekom
	From our perspective, the text proposal provides more clarity with respect to involved interfaces. Nevertheless, it still leaves room for interpretation as in the original text.

	Huawei
	Do not see the need for change. The previous change was a result of a compromise

	Ericsson
	The text is clear enough after the last meetign’s changes. No need to further clarifications

	Samsung
	Clarification seems beneficial.

	ZTE
	Fine with the clarification.

	
	


Proposal 8: Considering split opinions, the proposed further clarification of the TNL load information is needed, but shall be formulated even more clearly.

3.9 Other enhancements

One company proposes to discuss also following enhancements to the load reporting mechanism [1]:

1) Per cell and possibly per-slice information on load in unlicensed spectrum should be possible to be requested and reported on Xn and F1.

2) Resource utilization or available capacity should be possible to be reported per BWP.

3) Information on the orientation of the multi-panel UEs to avoid wrong load balancing decisions.

Please, provide your comment on the proposal 1 above:

	Company
	Comment

	Nokia
	Yes. This could be a useful enhancement for NR-U deployments.

	Deutsche Telekom
	Useful enhancement.

	BT
	Yes agree could be useful

	Huawei
	NRU is down prioritized

	Ericsson
	NRU discussed in a down prioritized AI, this should be discussed there, when the AI opens

	Samsung
	Agree HW and Ericsson

	ZTE
	Should be in low priority

	CATT
	Disagree. We agree with HW and Ericsson.


Proposal 9-1: Considering rather negative opinion, load information on NR-U is not needed (and possibly should be discussed in another agenda).

Please, provide your comment on the proposal 2 above:

	Company
	Comment

	Nokia
	Yes, this could help avoid unnecessary rejection of the UE context setup at the DU.

	CMCC
	See some benefits for load reporting of initial BWP.

	Deutsche Telekom
	Consideration of BWPs seems to be useful for NR, but more discussion is needed on implications and interrelation with other load information.

	BT
	Agree with CMCC could be some benefits of load reporting of the initial BWP

	Ericsson
	Although a UE needs to access a cell always via its initial BWP, it is totally up to the serving cell to move the UE to any other BWP. Therefore, knowing the initial BWP load is not useful for the decision of load based mobility because it cannot be known to what BWP the target will serve the UE. 

	Samsung
	We do not see the benefits.

	ZTE
	Not needed, share the view with Ericsson and Samsung

	CATT
	Disagree. We agree with Ericsson.


Proposal 9-2: Considering split opinions, reporting of the resource utilization or available capacity per BWP should be further justified (especially in reference to the way the initial BWP is used).

Please, provide your comment on the proposal 3 above:

	Company
	Comment

	Nokia
	This is more a topic for RAN2 – more reporting from the UE will be needed. Nonetheless, it could help avoid unnecessary interference, so RAN3 could ask RAN2 to work on it.

	CMCC
	Acknowledge the motivation to exploit the spatial separation of cells, and further enhancement in RAN3 needs FFS.

	Deutsche Telekom
	Currently no support, as the incorporation of UE antenna characteristics/orientation in mmW would heavily complicate the load balancing mechanism.  

	Ericsson
	This is outside the remit of this work, i.e. this is load balancing depending on dynamic UE characteristics. 

	ZTE
	Out of the scope of RAN3.

	CATT
	Disagree at least for now. No impact on RAN3 observed. Further clarification may be beneficial.


Proposal 9-3: The problem of load balancing of multi-panel UEs is not within the scope of work for RAN3 in the SON/MDT Rel.17 WI.
4 Conclusion, Recommendations

4.1 The first round of the discussion

After the 1st round of the discussion, following proposals are made:
Supported by majority and, possibly, to be concluded at this meeting:

Proposal 1: Considering majority’s preference, including several operators, RAN3 acknowledges usefulness of load reporting from the MN to the SN. The TP in R3-205960 is to be endorsed.

Proposal 3-1: Considering majority’s preference, including several operators, RAN3 will enable resource (PRB) utilization reporting per slice on F1 and Xn. To be discussed further how to enable it so, that in case it is difficult for implementation, it does not have to be provided (e.g. optional info up to the sending node).

Proposal 7: Considering majority’s support, it is agreed that the CU may provide a template of the RRCReject message to the DU, to be used in case of overload in the DU (DU is not allowed to formulate RRC messages on its own). The TP in R3-205958 is endorsed (possibly with FFSes, if needed).

To be continued at next meetings:

Proposal 2: Considering split opinions, the discussion has to continue. Proponents are encouraged to explain how the source can know that SUL capacity can help particular UE.

Proposal 4-1: Considering rather split opinions, it shall be further explained how per-beam threshold information will be used for the mobility setting change procedure (e.g. if the source can configure per-beam HO measurement in the UE).

Proposal 4-2: Considering rather split opinions, it shall be further explained if per-slice threshold information will be useful for the mobility setting change procedure.

Proposal 4-3: The threshold for CHO initialization is not needed for the mobility setting change procedure (and it should be discussed as part of the SON for the mobility enhancements).

Proposal 6: Per-cell information on resource aggregation needs further discussion on pros and cons (once more agreeable enhancements are in place).

Proposal 8: Considering split opinions, the proposed further clarification of the TNL load information is needed, but shall be formulated even more clearly.

Proposal 9-2: Considering split opinions, reporting of the resource utilization or available capacity per BWP should be further justified (especially in reference to the way the initial BWP is used).

Not much support, besides the proposing company:

Proposal 3-2: Considering rather negative opinions, the need to report shared resource (PRB) utilization should be evaluated only when resource utilization per slice is defined (see proposal 3-1).

Proposal 3-3: Considering rather negative opinions, the need to indicate overload per slice should be evaluated only when resource utilization per slice is defined (see proposal 3-1).

Proposal 5: Load information on gNBs connected to a neighbour eNB node does not seem needed now.

Proposal 9-1: Considering rather negative opinion, load information on NR-U is not needed (and possibly should be discussed in another agenda).

Proposal 9-3: The problem of load balancing of multi-panel UEs is not within the scope of work for RAN3 in the SON/MDT Rel.17 WI.

4.2 The second round of the discussion

After the 2nd round of the discussion, following conclusions are made:

Conclusion 1: Load information from the MN to the SN is enabled starting from Rel.16 (as discussed in CB # 101).
Conclusion 2: PRB utilization (or a number of available PRBs) per slice could help make per-slice CAC mor interoperable (as per-cell CAC exists in parallel to the per-cell PRB utilization). However, implementation limitations should be observed when designing the solution.
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