3GPP TSG-RAN WG3 #116-e
R3-223864
E-Meeting, 9th – 19th May 2022

Agenda Item:
9.1.1.1
Source:
Ericsson (moderator)

Title:
SoD on NR-U corrections: CB# SONMDT3_NRU

Document for:
Approval

1 Introduction

CB: # SONMDT3_NRU

- The Channel Occupancy Time Percentage, Energy Detection Threshold and NR-U ARFCN IEs lack clarity? Introduce Energy Detection Threshold UL over Xn, Channel occupancy time percentage UL, Radio Resource Status (per NR-U Channel) and Composite Available Capacity Group (per NR-U Channel) in F1AP/XnAP? (Ericsson, Deutsche Telekom, Qualcomm Incorporated)
- Update the value of maxnoofNR-UChannelIDs from 4 to 16? Channel Occupancy By Neighbour Cells is a good option to transmit the NR-U resource status of neighbour cells for NR-U? (Samsung)

- Capture agreements and provide CRs if agreeable, split the work if needed
(E/// - moderator)

Summary of offline discussion R3-223679.
2 For the Chairman’s Notes

After the 1st round:
Rename “Channel Occupancy Time Percentage” as “Channel Occupancy Time Percentage DL” in F1AP and XnAP.
Update semantic description for “Channel Occupancy Time Percentage" in F1AP and XnAP.

Update semantic description for “NR-U ARFCN " in F1AP and XnAP.

Align ASN.1 encoding for “Channel Occupancy Time Percentage” to the tabular, in F1AP and in XnAP.

Topics to be continued for NR-U (relevant AI TBD):

Discussion to be continued for NR-U on: 
· Channel Occupancy of Neighbor cell, 

· CO time percentage UL, 

· EDT in UL, 

· Radio Resource Status per NR-U Channel, 

· CAC per NR-U Channel.

3 Discussion (2nd round)

For the second round, it is proposed to consider the following:

Further discuss whether to increase the range of maxnoofNR-UChannelIDs (from 4 to 16) or add NR-U Channel Bandwidth IE to the RESOURCE STATUS UPDATE.

3.1 NR-U multiple bandwidths in one cell, same NR-U Channel Bandwidth
Based on first round of discussion two ways are proposed to uniquely identify the NR-U Channel in case of multiple bandwidths in one cell.

1) increase the value of maxnoofNR-UChannelIDs from 4 to 16 

2) Add NR-U Channel Bandwidth IE to the RESOURCE STATUS UPDATE message

Q1b. Companies are invited to provide their preference between 1), 2) or alternative solutions if any.
	Company
	Comment

	Ericsson
	We considered Qualcomm comment during the first round:

Regarding Ericsson’s proposal, wouldn’t it be a problem if we have multiple NR-U channels with the same bandwidth, e.g., 2 NR-U channels with 80 MHz each?

We note that a tuple “NR-U Channel Bandwidth, NR-U ARFCN, NR-U Channel ID” (using the agreed encoding at RAN3#115-e) is not always unique. The issue is present in case of multiple bandwidths when bands n96 and n102 are involved. If we consider the tables from 38.101-1 related to those bands: 

· Table 5.4.2.3-3: Allowed NREF (NR-ARFCN) for operation in Band n96

· Table 5.4.2.3-4: Allowed NREF (NR-ARFCN) for operation in Band n102

there are many instances where the tuples “NR-U Channel Bandwidth, NR-U ARFCN, NR-U Channel ID” are the same. Just a couple of examples:

Example 1

Band n96, NR-U Ch. BW = 20 MHz, NR-U ARFCN = 797000, NR-U Channel ID = 1

Band n102, NR-U Ch. BW = 20 MHz, NR-U ARFCN = 797000, NR-U Channel ID = 1
Example 2
Band n96, NR-U Ch. BW = 80 MHz, NR-U ARFCN = 799000, NR-U Channel ID = 1,2,3,4
Band n102, NR-U Ch. BW = 80 MHz, NR-U ARFCN = 799000, NR-U Channel ID = 1,2,3,4
To obtain a unique tuple, another possible way could be to introduce yet another attribute to identify the relevant band, potentially only to distinguish between bands n96 and n102. 

Overall, option 1 seems an acceptable compromise.


	Samsung
	Prefer option1with minimum spec impact to support multiple bandwidth in one cell. 
Same view as E///’s analysis for option 2, adding bandwidth IE to resource status reporting can not solve the channel ID conflict for multiple bandwidth in one cell.

	
	

	
	

	
	

	
	

	
	

	
	

	
	


4 Discussion (1st round)

At RAN3-115e the following was captured:


RAN3 enables NR-U channel index for reporting NR-U load.
The solution is complete from RAN3 perspective. However, RAN3 will review the use of the NR-U Channel Index and the LBT reporting at the next meeting.
For this meeting, the presented proposals are grouped as follows:

· Clarifications on agreed IEs for NR-U: 

· Channel Occupancy Time Percentage (in [1], [2], [7])

· Energy Detection Threshold (in [1], [2]) 

· NR-U ARFCN IE (in [1], [2])

· Updated range for maxnoofNR-UChannelIDs (in [4])

· Addition of Channel Occupancy of Neighbor cells (in [4])

· Addition of NR-U Channel metrics in UL (in [3])

· Addition of NR-U Channel metrics in DL (in [3]).

4.1 Clarifications on agreed IEs for NR-U 

In [1] and [2] it is proposed to: 

1) rename “Channel Occupancy Time Percentage” as “Channel Occupancy Time Percentage DL” to clarify in the name that the IE refers to DL

2) rename “Energy Detection Threshold” as “Energy Detection Threshold DL” to clarify in the name that the IE refers to DL

3) update the semantic descriptions for “Channel Occupancy Time Percentage” and “Energy Detection Threshold” to indicate that the IEs refers to DL

4) update the semantic description for “NR-U ARFCN” with references to tables in TS 38.101-1 containing allowed values for NR-U ARFCN.
In [1], [2], [7] is it proposed to:

5) align the ASN.1 encoding of “Channel Occupancy Time Percentage” with the tabular, including the value 0 in the range of values.

Q1. Companies are invited to provide their preferences for the clarifications proposed in 1) – 5).

	Company
	Comment

	Ericsson
	We agree to all the proposed clarifications.

	Nokia
	Adding ‘DL’ to channel occupancy is all right and logical (in both, the name and, possibly, in the semantics). However, in case of the detection threshold it will create issues: after all, the threshold detects energy received at the base station, so kind of “uplink” energy. I would leave it as is. Semantics can be formulated to explain it, but without indication what is uplink or downlink. Perhaps “ET at the node”?

	ZTE
	Fine with 3), 4) and 5).

For 1) and 2), it is not necessary to rename the two IEs, and we prefer to keep the original name, changing the corresponding semantics description as given in 3) is enough.

	Qualcomm
	Perhaps no need to rename IEs; semantic description might be enough
Also, we have a single IE for ED threshold in RAN2 for both DL and UL channel access, so we can reuse a single IE in RAN3 as well.

ul-toDL-COT-SharingED-Threshold
Maximum energy detection threshold that the UE should use to share channel occupancy with gNB for DL transmission as specified in TS 37.213 [48], clause 4.1.3 for downlink channel access and clause 4.2.3 for uplink channel access.

	Deutsche Telekom
	We are fine with the proposed changes.

	Samsung
	Fine for the proposed changes.

	Lenovo
	For 1) and 2), agree with ZTE and QC, prefer to update semantics description instead of renaming IEs.

For 3)-5), ok.

	Huawei
	Fine to proposal 1.

For ED, as commented by QC, it seems that only 1 ED threshold is available.

	Charter Communications
	We agree with the proposed changes.


Summary

Channel Occupancy Time Percentage in DL

Renaming of “Channel Occupancy Time Percentage” as “Channel Occupancy Time Percentage DL”: majority of companies (6 out of 9) support the change, 3 companies prefer not. 

Proposal: Rename “Channel Occupancy Time Percentage” as “Channel Occupancy Time Percentage DL”.
Update semantic description for “Channel Occupancy Time Percentage” (as in [1], [2]): all companies agree. 

Proposal: Update semantic description for “Channel Occupancy Time Percentage" in F1AP and XnAP.
Energy Detection Threshold in DL
Renaming of “Energy Detection Threshold” as “Energy Detection Threshold DL”: there is a split view and, in moderator’s understanding further check is needed, also considering Q4, where there is an open point, concerning whether “EDT for UL” (and “CO for UL”) requires RAN2 opinion. The proposal is then to seek clarification from RAN2 on these aspects:
RAN3 to work on an LS to ask RAN2 to clarify:

- whether UE information is needed to derive CO for UL 
- whether UE information is needed to derive EDT in UL

Update the semantic description for “NR-U ARFCN” (as in [1], [2]): all companies that provided feedback on this agreed. 

Proposal: Update semantic description for “NR-U ARFCN " in F1AP and XnAP.
Align ASN.1 encoding for “Channel Occupancy Time Percentage” to the tabular (as in [1], [2]): all companies that provided feedback on this agreed.  

Proposal: Align ASN.1 encoding for “Channel Occupancy Time Percentage” to the tabular, in F1AP and in XnAP.
4.2 Updated range for maxnoofNR-UChannelIDs
In [4] it is proposed to increase the value of maxnoofNR-UChannelIDs from 4 to 16 to uniquely identify one NR-U Channel ID (a chunk of 20 MHz) in the case of multiple bandwidths in one cell, with a maximum bandwidth of 320 MHz.

Q2. Companies are invited to indicate their preference w.r.t the proposal to update the range of maxnoofNR-UChannelIDs

	Company
	Comment

	Ericsson
	We agree that in case of multiple bandwidth in one cell, using one NR-U Channel ID in a range 1..4 in the RESOURCE STATUS UPDATE message does not suffice to uniquely identify one chunk of 20 MHz. 

However, we would prefer to solve the issue using a different approach, which we think is cleaner and more future proof. That is, keep the current range for NR-U Channel ID as it is and instead add a NR-U Channel Bandwidth IE to the RESOURCE STATUS UPDATE message. 

	Nokia
	neutral

	ZTE
	No strong view, the more future-proof way provided by Ericsson could be considered.

	Qualcomm
	Can we get a clarification on where the max bandwidth of 320 MHz is coming for?
Regarding Ericsson’s proposal, wouldn’t it be a problem if we have multiple NR-U channels with the same bandwidth, e.g., 2 NR-U channels with 80 MHz each?

	Deutsche Telekom
	Slight preference for Ericsson’s proposal.

	Samsung
	Support. Extending the max value of NR-U channel ID is a simple way with minimum spec impact to support multiple bandwidth in one cell. 

The channel can be uniquely identified by channel ID, NR-U ARFCN and NR-U Channel Bandwidth. And then, the resource status reporting can report the load status for each channel based on current mechanism. It seems no need to enhance resource status reporting.

	Huawei
	OK if the scenario is valid.

	Charter Communications
	We agree with the proposed change to increase the range to 16.

	Samsung2
	Reply to QC:
The 320MHz is the supported maximum bandwidth for one cell. 


Summary
There seems to be a split view among the companies, with two alternatives discussed: 

1) increase the range of maxnoofNR-UChannelIDs 

2) add NR-U Channel Bandwidth IE to the RESOURCE STATUS UPDATE 

The proposal is to continue discussing this in the second round: 
Further discuss whether to increase the range of maxnoofNR-UChannelIDs (from 4 to 16) or add NR-U Channel Bandwidth IE to the RESOURCE STATUS UPDATE.
4.3 Addition of Channel Occupancy of Neighbor cells
In [4] it is proposed to transmit the Channel Occupancy (CO) of neighbor cells for NR-U. In moderator’s understanding, with the proposed addition, one node (Node 1) would obtain from a neighbor node (Node 2) the COs of Node 2’s neighbors (Node 3 and Node 4), where Node 3 and Node 4 do not have an Xn connection to Node 1.

Q3. Companies are invited to indicate their view w.r.t to adding Channel Occupancy of Neighbor cells as NR-U load metric (in DL). 

	Company
	Comment

	Ericsson
	The addition does not seem needed, and it can be misleading. 
We think that if a node (as Node 1 in [4]) has no Xn connection towards other nodes (Node 3 and Node 4 in [4]), it is expected that Node 3 and Node 4 are not neighboring Node 1, and Node1 will not trigger load balancing actions towards them. Given that Node 1 is not neighbouring Node 3 and Node 4, it is misleading to signal to Node 1 the CO of Node 3 and Node 4. Such occupancy may not affect Node 1 at all.

Instead, a Node 2, with an Xn connection towards Node 1, Node 3 and Node 4 is likely a potential target for load balancing from Node 1. 

In a possible implementation, if Node 2 NR-U is affected by Node 3 and Node 4, Node 2 can report to Node 1 a CO value which takes into account the COs of Node 3 and Node 4.
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	Nokia
	We do not quite understand the motivation, as explained in [4]… However, when checking the CRs, it seems that the neighbours’ CO is aggregated in a single percentage value. This may create a risk of multiple including the same information: Node 2 will signal it not only to Node 1, but also to Node 3, which will then include it in information sent to Node 2 etc – it will be a loop. So, we would prefer to have it discussed further as Rel.17 enhancement.

	ZTE
	Not needed.

	Qualcomm
	Not needed in Rel-17

	Deutsche Telekom
	Similar view as Nokia on the interpretation of the CO value. We also see it as not needed (at least for Rel-17). 

	Samsung
	Support.

The LBT mechanism is contention-based, thus we need to consider all the load situation for this shared resource. 

Channel Occupancy (CO) of neighbor cells can provide the information of load status of other cells for one shared resources. And this way can effectively solve the issue that gNB may not sense the channel when there is no data to transmit. A node can obtain the status of neighbor cells by collecting the CO of its neighbors. And then this node can share its own and its neighbors’ CO to neighbor nodes.
For the solution mentioned by E///  as “Node 2 can report to Node 1 a CO value which takes into account the COs of Node 3 and Node 4”, we think it might lead to the confusion. There might be two ways to take into account neighbor cell status. 1) By sensing. Based on the LS from RAN1, the node may not sense the channel without traffic. Thus, the node can not get the neighbor node transmission status. 2) By getting the CO from neighbor via resource status reporting. The CO in such case might provide inaccurate information for LB. The CO would involve too many unnecessary neighbors’ status. For example, node2 is node1’s neighbor; node3 is node2’s neighbor; node4 is node3’s neighbor.  Node4 sends the status of its own and node4’s neighbors. Then node 3 send the status of its own and collected node3’s neighbor (including node4 and node 4’s neighbors). Same as node3, the node 2 sends the status of its own and collected node2’s neighbor (including node3, node4, node3’s other neighbor and node4’s neighbor). Actually, the interference of node4 and node4’s neighbor can be ignored for node2. The CO value in such case is large but the real load status of node2 for one shared resource is light. So the CO taking into account of neighbors might provide inaccurate information for the node to do LB decision.
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	Lenovo
	Not needed in Rel-17.

	Huawei
	Ware not sure whether this is really needed or not.  Maybe further clarification on the motivation and benefits is needed. For shared unlicensed resources, in general, considering only the load of direct neighbors seems sufficient. 

	Charter Communications
	This discussion should be postponed to Rel. 18.


Summary
Add Channel Occupancy of Neighbor cells as NR-U load metric (in DL): one company supporting the proposal, other companies are not in favor, or prefer to postpone the discussion. 

Proposal: Discussion to be continued on Channel Occupancy of Neighbor cells
4.4 Addition of NR-U metrics in UL

R3-223431 ([3]) proposes to add:

1) Channel Occupancy (CO) time percentage UL, in F1AP and in XnAP, 

2) Energy Detection Threshold in UL in XnAP

as NR-U load metrics readily available at a gNB, to complement the agreed metrics in DL (“CO time percentage DL” and “EDT in DL”) to consider NR-U load in both directions when assessing potential targets for load balancing.

Q4. Companies are invited to provide their view concerning the proposed additions 1) and 2).

	Company
	Comment

	Ericsson
	We support addition of 1) and 2). If the gNB-CU of a node could receive these metrics, it would be in a better position to judge how a UE handed over to the reporting node would be served by that node. In fact, unless the UE traffic is unidirectional in DL, there is always at least a portion of it in UL. Therefore, we think that knowledge of load metric in UL is important.

Regarding the CO time percentage UL, this is known at DU (a DU is aware of NR-U channel usage in UL), while the EDT in UL is known at gNB-CU (which uses it to configure UE accordingly).

The load balancing decisions are taken at the gNB-CU (of a neighbor node). To reach the gNB-CU of the neighbor node, the “CO time percentage UL” needs to be added as NR-U load metric both in F1AP and XnAP, while the only impact required for “EDT in UL” is in XnAP.

	Nokia
	But UL requires support from RAN2, which was not offered, right? Wasn’t it why we did not include it in the signalling at the last meeting? How this information can be obtained then?

If it is indeed independent from UE input, we’re fine with the proposals – except of the naming for the ET: it would be better to call it “at UE”.

	ZTE
	We think only the NR-U metrics in DL are needed in Rel-17, the UL related metrics could be discussed in next release.

	Qualcomm
	Same view as Nokia

	Deutsche Telekom
	We are fine with the proposal if the relation to UE input raised by Nokia is clarified. It can be also seen as enhancement in Rel-18.

	Samsung
	Based on the mechanism in 37.213, for UL, the energy detection threshold is set by UE. So it seems node can not get information.

And due to the time limitation, suggest to delay the UL discussion to R18.

	Lenovo
	To support NR-U metrics in UL, RAN2 needs to be involved, but RAN2 does not discuss any NR-U related SON enhancement in R17, we suggest discussing it in R18.

	Huawei
	We are fine to discuss it in rel-18.

	Charter Communications
	There is no dispute that CO in UL is important.  But it was previously agreed that UL CO would be the subject of Rel. 18, and therefore to start discussing this now is inappropriate.  The proposal actually goes beyond defining IE for the UL direction, and actually proposes a way of deriving the UL CO.  Once again, UL CO was agreed to be discussed in Rel. 18, and it is therefore inappropriate to have this discussion now.  Besides, we believe that the UL CO should be calculated based on the already existing measurement of channel occupancy defined in TS38.133 and reported by UEs.


Summary

Addition of CO time percentage UL (in F1AP and in XnAP) and Energy Detection Threshold in UL (in XnAP): one company supporting the proposal, 3 companies request further discussion, 4 companies are not in favor. 

Also, a decision concerning EDT in UL depends on a potential reply from RAN2 on whether EDT in UL depends on UE. 

Proposal: Discussion to be continued on CO time percentage UL and EDT UL.
4.5 Addition of NR-U Channel metrics in DL

R3-223431 ([3]) proposes to add the following NR-U load metrics in F1AP and XnAP:

1) Radio Resource Status per NR-U Channel

2) Composite Available Capacity per NR-U Channel

For unlicensed cells with more than one NR-U channels, the reported load can be evaluated with the same granularity (NR-U Channel) with which a UE using NR-U can be served.

Q5. Companies are invited to provide their view concerning the proposed addition of 1) and 2).

	Company
	Comment

	Ericsson
	We support addition of 1) and 2). With current reporting, a node receives the Radio Resource Status and the Composite Available Capacity for one cell. If one unlicensed cell contains more than one NR-U channels the “cell” level reporting provides an average of the resources across the NR-U Channels defined for the cell. The actual levels of resources for each one of the NR-U Channels defined in the cell can be quite different compared to the average “cell” level. And in our understanding, this is more and more likely as the number of NR-U Channel per cell increases.

Unless we restrict the scenario for NR-U to cells with only one NR-U Channel, we think the proposed additions are needed to report the load situation according to the granularity requested by NR-U.

	Nokia
	No. This is has never been discussed in Rel.16,
 so it is not a correction, but an enhancement. We shall review the proposals properly for the current release.

	ZTE
	No, as mentioned by Nokia, these load metrics has not been discussed in Rel-17, they should be considered in next release, if needed.

	Qualcomm
	No strong view. 

	Deutsche Telekom
	We also see the proposed additions as (useful) enhancements that could be considered in Rel-18.

	Samsung
	It seems no need. There is channel ID defined for resource status reporting. For current mechanism, the resource status is given per channel per cell. It seems the current one is enough.

	Lenovo
	Postpone to R18.

	Huawei
	Same view as Nokia. Bu agree to discuss this in rel-18.

	Charter Communications
	We view this as an enhancement and not a correction.  So the proposal should be discussed I Rel. 18.

	
	


Summary

Addition of “Radio Resource Status per NR-U Channel” and “CAC per NR-U Channel” (in F1AP and XnAP): one company supporting the proposal, majority of companies prefer to postpone this to next release. 

Proposal: Discussion to be continued on “Radio Resource Status per NR-U Channel” and “CAC per NR-U Channel”
5 Conclusion, Recommendations [if needed]

If needed
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