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Introduction

CB: # 64_OverlappingBandsF1

- Scenario: single connectivity, UE connected to a cell belonging to overlapping bands; whether network should change band selected by UE? Which procedure to use?

- common understanding that SpCell or SCell selected by the gNB-CU cannot be changed by the gNB-DU; which node selects the band?

- Need to notify CU of the band selected by the DU?

- whether band list also applies to non-DC scenarios?

- possible compromise: Rel-16? Rel-17?

(ZTE - moderator)

Summary of offline disc R3-205585
For the Chairman’s Notes

Propose the following:

Agree below stage3 CRs for CA scenario:
R3-205673

R3-205674
Agree to send the LS to RAN2 on band selection and indication on single connectivity
LS in R3-205690
Whether a solution is needed to be specified in order to address the mis-match between MEasConfig prepared by the gNB-CU (before the UE band was changed) and MeasConfig after the gNB-DU assigns a new band to the UE is an open issue for next meeting.
Discussion

After online discussion, this CB mainly focuses on the scenarios and solutions.

Scenario1: Single connectivity, PCell supports multiple overlapping bands
As described in [6], there is a cell with multiple overlapping bands, let’s assume 2 overlapping bands, which overlap in full. A typical example of cells that can adopt such configuration is where band n2 and n25 are used at the same time in the same cell. Also, let’s assume there are UEs that can access both such bands. A UE selects the first band in the frequencyBandList (broadcast in SIB1) that it supports, according to supportedBandListNR reported in UE-NR-Capability.

Frequency Bands e defined in TS38.101. The concrete example of a cell supporting n2 and n25 can be justified as follow:

n2 allows for a maximum of 20MHz UE channel bandwidth, hence it is a limited band in terms of maximum offered throughput. 
However, n2 has a higher Rx-Tx separation, which implies a better REFSENS. From 38.101-1 
“reference sensitivity power level REFSENS is the minimum mean power applied to each one of the UE antenna ports for all UE categories, at which the throughput shall meet or exceed the requirements for the specified reference measurement channel” 

Therefore n2 is a suitable band for high reliability, low bandwidth services, e.g. URLLC.

n25 is a much wider band and it allows for a maximum of 40MHz UE channel bandwidth, making it suitable for high throughput services. This band has a lower REFSENS, hence it is not as reliable as n2

In a network where UEs and cells support both n2 and n25, the current 3GPP specifications mandate that UEs will initially connect to n2, because n2 is the first band in the frequencyBandList broadcast in SIB1 that the UE supports. 

It is immediately evident that having all UEs connecting to n2 is sub-optimal, as n2 should be used only when specific services are used.
Observation 1: It is necessary to enable the RAN to move a UE to a different band within a cell.


After checking our previous discussion, R3-186879 was agreed in RAN3#102 meeting with the understanding that if gNB-DU is not able to honour all the sCell requested to be setup by gNB-CU, it can also choose another band combination and inform gNB-CU in the UE Context Setup response or gNB-DU can have additional intelligence to choose between bands combinations based on resource situation. Therefore, such behaviour was already supported since R15. 

The previous agreements quoted here is to show that for DC and CA scenarios, it was already supported in R15 on the principle that DU has the capability to choose proper band combination and inform CU. While for single connectivity (Scenario1), it was not discussed at that time, but it seems reasonable to allow the same behaviour in the DU side.

We would like to point our that the BandCobinationIndex is an IE in 38.331, where each index value corresponds to a combination of bands. The IE description is provided below for convenience.

	bandCombinationIndex
In case of NR-DC, this field indicates the position of a band combination in the supportedBandCombinationList. In case of NE-DC, this field indicates the position of a band combination in the supportedBandCombinationList and/or supportedBandCombinationListNEDC-Only. In case of (NG)EN-DC, this field indicates the position of a band combination in the supportedBandCombinationList and/or supportedBandCombinationList-UplinkTxSwitch. Band combination entries in supportedBandCombinationList are referred by an index which corresponds to the position of a band combination in the supportedBandCombinationList. Band combination entries in supportedBandCombinationListNEDC-Only are referred by an index which corresponds to the position of a band combination in the supportedBandCombinationListNEDC-Only increased by the number of entries in supportedBandCombinationList. Band combination entries in supportedBandCombinationList-UplinkTxSwitch are referred by an index which corresponds to the position of a band combination in the supportedBandCombinationList-UplinkTxSwitch increased by the number of entries in supportedBandCombinationList.


For the the BandCombinationIndex usage, RAN2 has acknowledged the issue, the common understanding in RAN2 is that it would also applied to single cell, the only issue in RAN2 is focus on how to finalize the proper wording, it should not block our RAN3 discussion.
The problem of how to allow a gNB-DU to move a UE to a different overlapping band within a cell and communicate such decision to the gNB-CU remains unresolved since R15.
Possible solutions:

gNB-CU performs the band selection:

The gNB-CU konws the characteristic of bands, and usually the DC operation decision is made on the gNB-CU.
The gNB-CU should trigger RRC reconfiguration towards the UE, and a UE Context Modification procedure towards the gNB-DU in order to provide the correct frequency band in CellGroupConfig IE (see below) and measurement configuration for gap configuration purposes (if MeasConfig IE has changed and included) .

TS38.331:
CellGroupConfig->spCellConfig->reconfigurationWithSync ->spCellConfigCommon(ServingCellConfigCommon)->downlinkConfigCommon->frequencyInfoDL->frequencyBandList
	frequencyBandList
List containing only one frequency band to which this carrier(s) belongs.   Multiple values are not supported.


Ericsson: This solution is against the current standard that clearly assumes that the gnB-CU does not encode the CellGroupConfig. CellGroupConfig is treated as a transparent IE for the gNB-CU, see for example following extract from TS38.473:

If the CellGroupConfig IE is included in the DU to CU RRC Information IE contained in the UE CONTEXT SETUP RESPONSE message, the gNB-CU shall perform RRC Reconfiguration or RRC connection resume as described in TS 38.331 [8]. The CellGroupConfig IE shall transparently be signaled to the UE as specified in TS 38.331 [8].
gNB-DU performs the band selection:
gNB-DU selects the best band combination according to the UE capability, band load, type of bearers, and informs gNB-CU of the chosen bands via a new IE describing the band selection for each serving cell performed by the gNB-DU for the UE in DU to CU RRC Information IE in UE Context Setup Response. 

The gNB-CU should trigger RRC reconfiguration towards the UE and a UE Context Modification Request towards the gNB-DU in order to provide the correct frequency band in CellGroupConfig IE and measurement configuration for gap configuration purposes (if MeasConfig IE has changed and included) .
The details can be seen in [7][8], adding the new Band Selection IE in the DU to CU RRC Information over F1.

9.3.1.x
Band Selection
The Band Selection indicates the band per cell as chosen by the gNB-DU.

	SpCell ID
	M
	
	NR CGI

9.3.1.12
	Special Cell as defined in TS 38.321 [16]. For handover case, this IE is considered as target cell.
	-
	ignore

	FreqBandIndicatorNR
	O
	
	INTEGER (1,..1024,…)
	
	-
	

	SCell Band Selection List
	
	0..1
	
	
	YES
	ignore

	>SCell Band Selection Item
	
	1 .. <maxnoofSCells>
	
	
	EACH
	ignore

	>>SCell ID
	M
	
	NR CGI

9.3.1.12
	SCell Identifier in gNB
	-
	

	>>FreqBandIndicatorNR
	O
	
	INTEGER (1,..1024,…)
	
	-
	


The gNB-DU selects the best band combination according to the UE capability and informs gNB-CU of the chosen bands via the requested BandCombinationIndex in DU to CU RRC Information IE in UE Context Setup Response.
The gNB-CU should trigger RRC reconfiguration towards the UE and a UE Context Modification Request towards the gNB-DU in order to provide the correct frequency band in CellGroupConfig IE and measurement configuration for gap configuration purposes (if MeasConfig IE has changed and included) .

The BandCombinationIndex means the position of a band combination in the supportedBandCombinationList IE supported by the UE, while after double check with RAN2, only if all the single bands supported by Cell are listed in the supportedBandCombinationList IE, then the BandCombinationIndex IE can be reused to indicate a single band.

Considering that PCell band switch is an unusual case, SlutionC) is acceptable with above limitation usage.
Extend the scope of IE Selected BandCombinationIndex to include single PCell scenario is needed, see below:

	Selected BandCombinationIndex
	O
	
	OCTET STRING
	BandCombinationIndex, as defined in TS 38.331 [8]. 

For SA, (NG)EN-DC and NR DC operation, this IE should be included so that gNB-CU is informed of the selected Band Combination.
	YES
	ignore


Ericsson: as explained above, the use of the BandCombinationIndex for single connectivity is not specified, hence this solution implies a change at RAN2 level
. 

The BandCombinationIndex IE is an IE RAN3 “borrows” from TS38.331. RAN3 cannot simply state in their specifications that this IE is also valid for single connectivity because this IE is defined at RRC level and its description will need to be modified there to make it represent also single connectivity cases. With this we are not against this solution but we are purely stating that such change of meaning for the BandCombinationIndex IE cannot purely come from RAN3, it needs to be confirmed by RAN2.
Question 1: Do companies think the Scenario1) is valid?
	Company
	Comment

	ZTE
	For PCell band switch case, it seems that CU selection is enough, then SolutionA) is enough which has already been supported in current spec. 

If majority companies are prefer to let DU perform the band selection, then SolutionC) is acceptable for us with minimum standard impact.

	CATT
	The scenario seems reasonable. 
As to which node decides the band switch, for MR-DC, we have agreed that it is DU which decides the band combination,we think it is reasonable that it also applied to CA and non-CA case for SA scenario.
Then for solutions, we think current Selected BandCombinationIndex IE could resolve the issue completely. It is ever doubted that this information only applied to DC and CA scenario based on what described in 38.331.However,it is an error in 38.331.The common understanding in RAN2 is that it would also applied to single cell.Now,there is an email discussion ongoing in RAN2 which tried to fix it(refer to RAN2 discussion Summary of offline 010 Rel-15 UE cap Clarifications).All companies agree that the error in 38.331 should be fixed. With that, we think the problem could be resolved.


	Samsung
	For this scenario, solution A seems to be enough. If companies want to extend the band selection decision to DU, it is OK for us. We can go for solution C with some revisions, i.e., “SA” ( “single cell case” since scenario 1 aims at describing band change of a single cell. 
ZTE:Thanks for careful consideration. Pls find the another possible update way (see Solution D) below) on the semantic description of the Selected BandCombinationIndex IE to allow all the possible scenarios. 
Furthermore, considering that gNB-DU performs the band selection was supported since R15, it would be better to have both R15 and R16 CRs.

	Ericsson
	Solution A implies that the gNB-CU issues a CellGroupConfig to the gNB-DU. This is totally agains the current standardization principles, in which we have agreed that the gNB-DU is the node that creates and manages CellGroupConfig IE content. Solution 3, in light of the current RRC specifications, is not feasible because the SelectedBandCombinationIndex cannot be used for single connectivity. If RAN2 modifies the meaning of this IE, this option may become a possible alternative.

At the moment, the only solution that is viable is Solution B.

	Huawei
	For the question itself, we think the scenario exists, i.e., a cell (always with only one NR ARFCN) supports multi-frequency band, and will broadcast a list of supported frequency band indicator in SIB1. For the solution itself, technically all solutions could work, our understanding, seems that the current spec already provided the possibility for  the network to change the frequency band, maybe some clarifications are needed. 
ZTE: Thanks for the feedback. What’s the exact meaning of “the current spec already provided the possibility for  the network to change the frequency band” here? CU performs the band change or reusing the Selected BandCombinationIndex IE from DU to CU?

	Nokia
	In our view, even though the scenario exists, the change of band at DU for the single cell scenario is an optimization which up to now was not covered or discussed. In that sense, we do not see this as a correction required for Rel 15.


Question 2:Is this Scenario1 and the F1 solution for R15 and R16, or only R16? or leave it for R17?
	Company
	Comment

	ZTE
	SolutionA) has no impact on spec. While for SolutionC), CRs for both R15 and R16 are preferred, while only R16 CR is also acceptable. 

	CATT
	Solution C is preferred and it is OK to have both Rel-15/Rel-16 CR

	Samsung 
	If we finally go for solution C, Rel-16 CR is enough since current Rel-15 system does not have problem. 

	Ericsson
	We have operators that already deployed the scenario described, hence a solution from Rel15 is required to make those deployments work
Solution A has a massive impact on the system design as it implies that gNB-CU is now capable of creating CGC. The only node able to create CGC is the gNB-DU and the CG is needed to trigger the reconfiguration with synch to the UE, which is needed to have the UE to change the band. 

Solution C has also impacts at RAN2 level, so if RAN2 does not allow the Selected BandCombinatino Index to be used for single connectivity, this solution has impact on RAN2 specs. 

Soluition B has limited impact as it only introduces an IE to indicate the gNB-DU band selection.

	Huawei
	We think, the request from E/// is mainly about: 1) whether network is allowed to change/re-select a frequency other than initially selected by UE; 2) if yes to first question, which node, CU or DU could make the change/re-selection.  

We think firstly we need to reach a common understanding before answering this question. From our understanding, this is an optimization which mainly concerns RAN2, since according to moderator’s reference to 38.331 => CellGroupConfig->spCellConfig->reconfigurationWithSync ->spCellConfigCommon(ServingCellConfigCommon)->downlinkConfigCommon->frequencyInfoDL->frequencyBandList, it seems that at least it is a grey area that network could provide a frequency band other than the one initially selected by UE (see our comments to question 1), but the impacts to UE is not clear and may have not been discussed by RAN2.
ZTE: The drawback of CU performing band selection pointed out by E/// above and the previous agreements quoted above shows that for DC and CA scenarios, it was already supported in R15 on the principle that DU has the capability to choose proper band combination and inform CU. While for single connectivity (Scenario1), it was not discussed at that time, but it seems reasonable to allow the same behaviour in the DU side.
How to transfer the updated band infor from DU to CU has no business with RAN2, it belongs to RAN3 scope.

	Nokia
	Both Solution A and Solution C can work with minor specification impact assuming consensus can be reached regarding whether DU can modify the band selection from UE for the single cell scenario. Rel 16 CR is sufficient for this optimization.


Scenario2: In CA and DC cases,  the UE may support different band combinations with overlapping bands, and the network shall select the band combination with highest throughput to provide the best performance for the UE. 
In this case, the gNB-DU shall transmit the newly selected band according to the UE capability in form of band combination to the gNB-CU. It allows the gNB-CU to have a proper mapping of measurement objects and frequency bands to which the measurement object is associated. 

For DC case, it has already been supported in current spec with the Selected BandCombinationIndex IE in DU to CU RRC Information over F1, see below:

	Selected BandCombinationIndex
	O
	
	OCTET STRING
	BandCombinationIndex, as defined in TS 38.331 [8]. 

For (NG)EN-DC and NR DC operation, this IE should be included so that gNB-CU is informed of the selected Band Combination.
	YES
	ignore


However, the semantic description of this IE does not cover the CA case yet. Extend the scope of IE Selected BandCombinationIndex to include CA scenario is needed, and the corresponding CRs are provided in [2][3] as below:

	Selected BandCombinationIndex
	O
	
	OCTET STRING
	BandCombinationIndex, as defined in TS 38.331 [8]. 

For NR CA, (NG)EN-DC and NR DC operation, this IE should be included so that gNB-CU is informed of the selected Band Combination.
	YES
	ignore


Question 3: Do companies think the CA scenario is valid?
	Company
	Comment

	ZTE
	Yes, it helps to make the CA function complete in the CU-DU split case.

	CATT
	Yes

	Samsung 
	Sounds reasonable

	Ericsson
	This solution does not fix the problem.

At UE Context Setup Request the gNB.CU signals to the gNB-DU the MeasConfig. The MeasConfig includes bands on which measurements need to be taken. At this point in time the only band that can be contained in the MeasConfig is the one the UE selected at initial access. 

At UE Context Setup Response, the gNB-DU decides to move the UE to a different band and it signals to gNB-CU the SelectedBandCombinationIndex. The band selected by the gNB-DU is different from the band initially selected by the UE, and therefore it is different from the band included in the MeasConfig. 

At this point the procedure is broken
The reason is that the MeasConfig signaled to the UE applies to a band that will not serve the UE anynmore. Hence, there needs to be a solution in place like the one described in R3-204777, where the MeasObject assigned by the gNB-CU can be reused, but where the measurement configuration signaled to the UE applies to the new bands selected by the gNB-DU
ZTE: For the signalling flow, there are two cases:
1) Initial UE access (signalling flow see in section8.1 in TS38.401)
At UE Context Setup Request the gNB.CU signals to the gNB-DU the MeasConfig. The MeasConfig includes bands on which measurements need to be taken. At this point in time the only band that can be contained in the MeasConfig is the one the UE selected at initial access. Yes, it's true.
At UE Context Setup Response, the gNB-DU decides to move the UE to a different band and it signals to gNB-CU the SelectedBandCombinationIndex (or DU signalls back to CU with the list of Spcell/Scell and corresponding band as proposed in R3-204777, there is no difference on the following behaviour in the CU side). The band selected by the gNB-DU is different from the band initially selected by the UE, the CU will ack the band change and send the updated MeasConfig towards UE with RRCReconfig message(else in some cases, e.g., EventA1/A2 in Single Pcell case, EventA6 in DC/CA case, if the MeasObject(band infor included) remained as the previous one, UE may trigger RRC reestablishment procedure), and it would be better that DU is informed with the updated MeasConfig via another F1 UE Context Modification procedure, but if there is some optimization implementation allowed in the DU, when DU selects another band, it can update the MeasObject and measurement gap as well.
Ericsson: From this description above, the first option of updating the gNB-DU with MeasGaps at a later stage is not in line with the current standard (it needs changes in Meas configuration handling). The second part stating “but if there is some optimization implementation allowed in the DU, when DU selects another band, it can update the MeasObject and measurement gap as well”  is what we propose to document as part of the solution. It is important that DU and CU are in synch with the measurement configuratinos towards the DU. A simple issue that occurs if they are not in synch is that if CU sends a request to remove a measurement object to the DU, the DU will not know to which measurement configuration that measurement object refers to.
On my understanding, there is no difference whether we use the new added IE defined as list of P(S)cell/Scell and corresponding band as proposed in R3-204777 or reusing selected bandcombinationindex IE to inform CU about the band change, the following signalling behaviour is the same. Anything else I missed here?
 2) DU triggered band change after Initial UE access

In this case, DU will trigger the UE CONTEXT MODIFICATION REQUIRED message towards the CU via DU To CU RRC Information IE, if CU confirms the update, it will send the UE CONTEXT MODIFICATION CONFIRM message towards DU and also with RRCReconfig message towards UE as RRC-Container IE included.The following behaviour is the same as initial UE access case.


	Huawei
	Seems to us, this question has nothing to do with the issue which E/// want to address?
ZTE: Pls see above.

	Nokia
	Proposed change is agreeable.

	Ericsson2
	Firstly the change needs to be confirmed by RAN2. Secondly, the issue of how to coordinate measurement gap configuration deserves further discussions and should be addressed (maybe at the next meeting, with dedicated contribtions)


Question 4: Is this Scenario2 and the F1 correction for R15 and R16, or only R16? or leave it for R17?
	Company
	Comment

	ZTE
	Considering that it is a small correction, CRs for both R15 and R16 are preferred, while only R16 CR is also acceptable. 

	CATT
	Similar view as ZTE.

	Samsung 
	We can go Rel-16 CR since the current Rel-15 system does not have problem. 

	Ericsson
	We have operators that already deployed the scenario described, hence a solution from Rel15 is required to make those deployments work



	Nokia
	Similar view as Samsung. Rel 16 CR would be sufficient.

	
	


Solution D) Update the semantic description of the Selected BandCombinationIndex IE as below to cover both scenarios:
	Selected BandCombinationIndex
	O
	
	OCTET STRING
	BandCombinationIndex, as defined in TS 38.331 [8]. 

This IE should be included so that gNB-CU is informed of the selected Band Combination.
	YES
	ignore


The draft CRs with SolutionD) have been uploaded in the draft box.
Question 5: Do companies think the Solution D) is valid for both scenarios? And for which Release?
	Company
	Comment

	Ericsson
	This solution needs to come form discussinos in RAN2. If RAN2 agrees to this solution, this solution would be feasible. 

Even if this solution is adopted, a solution is needed to address the mis-match between MEasConfig prepared by the gNB-CU (before the UE band was changed) and MeasConfig after the gNB-DU assigns a new band to the UE. 

	ZTE
	How to transfer the updated band infor from DU to CU has no business with RAN2, it belongs to RAN3 scope and SolutionD) is the solution with minimum standard impact to cover both scenarios.
When CU receives the new selected band infor from DU, it may trigger another round of UE Context Modification procedure towards the DU in order to align the MeasConfig with DU, but if there is some optimization implementation allowed in the DU, when DU selects another band, it can update the MeasObject and measurement gap as well.
The CR should be applied for R15 and R16.

	
	

	
	

	
	


Ericsson: This solution needs to come form discussinos in RAN2. If RAN2 agrees to this solution, this solution would be feasible. 

Even if this solution is adopted, a solution is needed to address the mis-match between MEasConfig prepared by the gNB-CU (before the UE band was changed) and MeasConfig after the gNB-DU assigns a new band to the UE. 

Conclusion, Recommendations [if needed]

According to the discussion above, the following proposals are summarized:

Proposal1: For NR CA case, the Selected BandCombinationIndex IE in the DU To CU RRC Information IE can be used to indicate the selected band combination from DU to CU. The stage3 CRs in R3-205673 and R3-205674 (only cover CA case) can be agreed in this meeting.
Proposal2: For single connectivity, PCell supports multiple overlapping bands case, there is still some company has concern on the scenario itself. Either we wait for the conclusion in RAN2 or send an LS to RAN2 to confirm whether the BandCombinationIndex defined in TS38.331 can be used to indicate the single band selected by the gNB-DU.
The draft LS to RAN2 uploaded in the draft box.

Proposal3: Whether a solution is needed to be specified in order to address the mis-match between MEasConfig prepared by the gNB-CU (before the UE band was changed) and MeasConfig after the gNB-DU assigns a new band to the UE is an open issue for next meeting.
Two alternatives are on the table: Either the gNB-CU triggers another round of UE Context Modification procedure or the gNB-DU updates the MeasObject and measurement gap when it switches the band before it sends the reply to the gNB-CU.
Pls provide your comments on the above proposals, if any:
	Company
	Comment

	Ericsson
	Solutions based on BandCombinationIndex IE do not work for signaling from DU to CU. Tjhis is because the values that can be used in the BandCombinationIndex IE are a subset of values provided by the UE in the supportedBandCombinationList IE, see section 5.6.1.4 of 38.331. However, in this section it is explained that the UE can filter out bands combinations to minimize the list (which is understandable to be efficient over the Uu interface). Such filtering out means that a gNB-DU may not be able to signal it a gNB-CU the exact band combination or band selection carried out. This is valid for both multi and single connectivity. 

For the problem of measurement configuration management, we believe that a solution is needed to enable DU and CU to be in synch on measurement configuratinos information. A solution based on multiple RRC reconfigurations is not efficient and shall be avoided
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