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Introduction
[bookmark: _Ref178064866][bookmark: _Hlk52808941]In the previous meeting the necessity of introducing the cause value “insufficient capabilities” was under discussion. In this contribution we elaborate further on the issue and provide our proposals for the way forward.
Discussion
In the previous meeting the proposed cause value was discussed, and the following was noted in the chairman’s notes.
Need a proper analysis on whether there is an issue that should be addressed in signaling (addressing this via cause value probably not the most appropriate way)
In what follows we will investigate in detail the necessity of the proposed indication, either as a cause value or in signalling.
Use cases for Insufficient Capabilities Indication in DC
When an SgNB is to be added, the MeNB initiates the SgNB Addition Preparation procedure by sending the SGNB ADDITION REQUEST message to the SgNB. In TS 36.423 we read that: 
If the en-gNB is not able to accept any of the bearers or a failure occurs during the SgNB Addition Preparation, the en-gNB sends the SGNB ADDITION REQUEST REJECT message with an appropriate cause value to the MeNB.
There are a number of use cases where a failure in the SgNB addition is due to insufficient UE capabilities. Here we selected the most prominent cases recorded over deployed networks.
If we consider the cases of bandwidth and spectrum sharing, we see that the MeNB has no knowledge about the UE capabilities concerning initial DL BWP and spectrum sharing. The problem stems from the fact that the MeNB can’t acquire information about the UE’s BW or spectrum sharing capabilities without decoding the NR capability container, but the MeNB should not decode the NR capability container. Due to that the MeNB can´t understand which BW or spectrum sharing capabilities the UE supports. Note that the MeNB may not even be aware of whether the SgNB is using spectrum sharing with other RAN nodes.
Therefore, one of the most common cases for SgNB addition failures due to insufficient UE capabilities is described in the following steps:


Figure 1: Example of SgNB Addition Request failure due to insufficient capabilities.
In this case the SgNB will respond (step 5 above) with SGNB ADDITION REQUEST REJECT message. Looking into TS 36.423, we see that at present there is no appropriate cause value defined to highlight the issue that caused the failure. Thus, in the current specification there is no way to indicate the reason of a rejection due to insufficient UE capabilities. The latter hides from the MeNB a clear view of the SgNB status and reduces the efficiency of the relevant procedures, since the MeNB will not know the reason of the rejection. For example, the MeNB may retry multiple times after the failure to initiate the SgNB Addition Preparation procedure, in order to set up DC with the same NR PSCell (reported by the UE as the best PSCell measured), without any success. This will effectively prevent the UE to be successfully configured with DC because if the MeNB knew that the PSCell appearing as the best SCG option results in SN addition failure, the MeNB may try to setup (hopefully successfully) DC with a different RAN node. Besides, this would consume processing and transport resources resulting in erroneous KPIs and UEs getting unnecessary measurements gaps and increased load. 
This failure could be avoided if the MeNB received an indication about the actual problem that generated the failure, which would trigger a back off from further attempts of SgNB additions to the same PSCell/Carrier. If the cause is known, it would be possible for example to de-configure the B1 measurement for this NR frequency and thereby avoid issuing subsequent SgNB Addition Request for this UE (at least for the duration of the current RRC connection). 
It should be pointed out that the aim of this paper is not to discuss solutions for avoidance of failures, which we would rather leave to implementation. This paper mainly proposes means to create awareness at RAN level about the reason for the failure. With such awareness different measures can be taken to avoid erroneous SgNB additions. 
Observation 1: the SgNB cannot indicate that a rejection of X2: SGNB ADDITION REQUEST message is due to insufficient UE capabilities. This prevents any possible solution on how to avoid such rejections.
Another failure case due to Insufficient UE Capabilities has been outlined in R2-2100772 and R2-2100773. As it is explained in these contributions if the eNB narrows down a list of band combination and transmits it to gNB, the EN-DC configuration may fail due to no band combination available for gNB.
After discussions at the last RAN3 meeting, we came to the conclusion that there can be two different solutions to this problem.
Solution 1
For the first solution, we are making the following assumptions.
· A failure due to insufficient UE capabilities is for the best PSCell measured at the MeNB 
· The failure will occur for all PSCells on the same frequency where the failure occurred 

If these assumptions hold then the usage of a cause value ”Insufficient capabilities” would be the simplest solution. Namely, once the MeNB knows that a failure occurred due to insufficient UE capabilities, the MeNB would assume that the PSCell for which the failure occurred is the best PSCell candidate for the UE at the time of the B1 event. 
The MeNB will therefore not re-attempt SgNB additions for the UE in cases where the same PSCell is detected as the best PSCell candidate, or in cases where the best PSCell candidate is on the same frequency as the PSCell for which the failure occurred.
Solution 2
[bookmark: _Hlk60997264][bookmark: _Hlk60997378]If on the other hand we do not want to put any restrictions and thereby make assumptions, there is a more generic solution. The SgNB will signal a failure message to the MeNB indicating a list of PSCells for which the failure occurred, namely the failure message will include a list of the PSCells that were tried, but where the procedure failed together with the cause of failure (insufficient UE capabilities). 
With this solution the MeNB will be able to avoid triggering an SgNB addition whenever the UE reports as best candidate PSCell the failure PSCell or any of the PSCells for which an addition was attempted but failed.  

Based on the above we propose that either of the solutions is defined in order to solve the problems presented above. To us it is obvious that the problems caused by not tackling the issue of insufficient UE capabilities is disproportionately high compared to the effects of this issue, i.e. the inability of configuring a UE with DC and a “stuck up” condition where SgNB addition rejections are repeatedly encountered.
In light of the above the following is proposed:
Proposal 1: In the spirit of maintaining simplicity, we propose to specify a cause value clarifying that the rejection of X2: SGNB ADDITION REQUEST is due to insufficient UE capabilities.
Proposal 2: In the spirit of providing a thorough solution, we propose to enhance the X2: SgNB ADDITION REQUEST REJECT message sent from the SgNB to the MeNB to indicate a list of PSCells for which the rejection of X2: SGNB ADDITION REQUEST occurred, namely a list of the PSCells that were tried, but where the procedure failed.
We believe that a solution is needed not only in EN-DC but also in NR-NR DC.  In the case of EN-DC an eNB cannot decode the NR capabilities of a UE, which would lead to the situation described above. Nevertheless, also in NR-NR DC there might be still limitations within the UE capabilities when an NR-NR configuration is chosen. 
In this case, the MgNB can decode all UE capabilities. However, like in the EN-DC case the MgNB does not know which UE capabilities the SgNB actually requires when setting up a PSCell for this UE. Taking the same example used above for EN-DC, the MgNB may not know whether the SgNB runs spectrum sharing with other neighbouring RAN nodes. In such case, the MgNB may trigger a PSCell addition for a UE that does not support DSS, towards candidate PSCells that actually use DSS. The latter will result in a failure.
For this reason, we would propose that a solution is also agreed for the case of MR-DC, e.g. the introduction of a cause value clarifying that the rejection of S-NODE ADDITION REQUEST is due to insufficient UE capabilities.
Proposal 3: In the spirit of maintaining simplicity, we propose to specify a cause value clarifying that the rejection of Xn: S-NODE ADDITION REQUEST is due to insufficient UE capabilities.
Proposal 4: In the spirit of providing a thorough solution, we propose to enhance the Xn: S-NODE ADDITION REQUEST REJECT message sent from the SN to the MN indicating a list of PSCells for which the rejection of Xn: S-NODE ADDITION REQUEST occurred, namely a list of the PSCells that were tried, but where the procedure failed.

Use cases for Insufficient Capabilities Indication During HO

The problem of insufficient UE capabilities is also valid in cases of handover. 
For instance, taking the bandwidth UE capability checking as an example, if a UE is in idle mode, then the UE will only connect to a cell if it supports a carrier bandwidth that is larger than or equal to the bandwidth of the initial downlink BWP and smaller than or equal to the cell’s carrier bandwidth. The UE can perform a check of whether the Initial BWP of a cell is supported by reading the servingCellConfigCommon IE in SIB1. 
At handover however, the source is not able to determine the Initial BWP of the target cell. This is because UE neighbour cells measurements do not report this information (UE ANR measurements only report the CellAccessRelatedInfo IE from SIB1). Therefore, the target RAN node needs to perform a check of whether the UE capabilities support the carrier and bandwidth-part bandwidths of the target cell. In the case of LTE-NR HO the source eNB wouldn’t be able to perform this check even if it knew the target gNB capabilities. This is because such check would imply decoding the NR capability container, ending up with the same problem we saw in the EN DC case before. 
In case of bandwidth capability check at target, the target gNB can check the UE capabilities vs BWP and carrier bandwidth. If such check doesn’t have a positive outcome, the Handover Request will be rejected. Note that failures due to not supported Initial BWP and carrier bandwidth can occur also at Secondary Node addition, e.g. if an SN is added and a specific PSCell is selected for the SCG, it might occur that the Initial BWP and carrier bandwidth of the PSCell is not compatible with the UE capabilities, which justifies even more Proposals 1 to 4.
Without knowing the reason of the rejection at handover, as discussed above, it is possible that there will be additional attempts to perform handover for this specific UE and towards the specific target HO cell.  Again, the way out of this vicious circle is a solution that creates awareness about the cause of the rejection, i.e. insufficient UE capabilities. Apart from stopping additional handover attempts for this specific UE towards the failed HO target, the solution could be of great benefit also for observability.
Based on the above we propose:
Proposal 5: In the spirit of maintaining simplicity, we propose to specify a cause value clarifying that the rejection of Handover Request, both on X2 and Xn, is due to insufficient UE capabilities.
In the case of a disaggregated gNB, the cause value specified above needs to be also introduced in F1AP. Namely, if the gNB-DU rejects a UE context setup request due to insufficient UE capabilities, the gNB-DU should be able to flag this via either an appropriate cause value in the F1: UE CONTEXT SETUP FAILURE or with the introduction of new information as part of the F1: UE CONTEXT SETUP FAILURE message.
As a result, the following proposal is made for F1AP.
Proposal 6: In the spirit of maintaining simplicity, we propose to specify a cause value clarifying that the rejection of F1: UE CONTEXT SETUP REQUEST is due to insufficient UE capabilities.
Proposal 7: In the spirit of providing a thorough solution, we propose to enhance the F1: UE CONTEXT SETUP FAILURE with an indication of a list of PSCells for which the rejection of F1: UE CONTEXT SETUP REQUEST occurred, namely a list of the PSCells that were tried, but where the procedure failed.


Conclusion
In this contribution the case that an SgNB Addition Preparation procedure would be rejected due to insufficient UE capabilities and the analogous cases for Xn have been discussed as well as the corresponding changes needed in F1 for the case of a disaggregated gNB and the following proposals were made:
Proposal 1: In the spirit of maintaining simplicity, we propose to specify a cause value clarifying that the rejection of X2: SGNB ADDITION REQUEST is due to insufficient UE capabilities.
Proposal 2: In the spirit of providing a thorough solution, we propose to enhance the X2: SgNB ADDITION REQUEST REJECT message sent from the SgNB to the MeNB to indicate a list of PSCells for which the rejection of X2: SGNB ADDITION REQUEST occurred, namely a list of the PSCells that were tried, but where the procedure failed.
Proposal 3: In the spirit of maintaining simplicity, we propose to specify a cause value clarifying that the rejection of Xn: S-NODE ADDITION REQUEST is due to insufficient UE capabilities.
Proposal 4: In the spirit of providing a thorough solution, we propose to enhance the Xn: S-NODE ADDITION REQUEST REJECT message sent from the SN to the MN indicating a list of PSCells for which the rejection of Xn: S-NODE ADDITION REQUEST occurred, namely a list of the PSCells that were tried, but where the procedure failed.
Proposal 5: In the spirit of maintaining simplicity, we propose to specify a cause value clarifying that the rejection of Handover Request, both on X2 and Xn, is due to insufficient UE capabilities.
Proposal 6: In the spirit of maintaining simplicity, we propose to specify a cause value clarifying that the rejection of F1: UE CONTEXT SETUP REQUEST is due to insufficient UE capabilities.
Proposal 7: In the spirit of providing a thorough solution, we propose to enhance the F1: UE CONTEXT SETUP FAILURE with an indication of a list of PSCells for which the rejection of F1: UE CONTEXT SETUP REQUEST occurred, namely a list of the PSCells that were tried, but where the procedure failed.

[bookmark: _In-sequence_SDU_delivery]CRs reflecting the proposal above are available in R3-211065, R3-211066, R3-211067, R3-211068, R3-211069, R3-211070, R3-211071, R3-211072, R3-211073, R3-211074, R3-211075 and R3-211076.
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