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Introduction
[bookmark: _Hlk40172195]In the previous meeting the issue occurring when a cell creation request results in the number of supported cells in the gNB-CU to be exceeded was discussed. In the following we elaborate further on the scenario and the solution.
[bookmark: _Ref178064866]Discussion
In the previous meeting the following issue was highlighted. A gNB-CU is close to its limit in number of supported cells and it receives a request from a gNB-DU, via F1 Setup or gNB-DU Configuration Update, to add more cells. After the discussion we read in the summary of offline discussions the following (see [1]):
Following agreements were proposed on the first round of offline discussion:
It is proposed to acknowledge that the following issue exists:
A gNB-CU has already a number of stored served cells close to its maximum number of supported cells and the gNB-CU receives a request from a gNB-DU (e.g. in the form of an F1 Setup Request) to add more cells, thereby exceeding its max number of supported cells
It is proposed to continue discussions on how to resolve this issue. 
One possible solution is based on signalling of a specific cause value once a failure occurs due to exceeding number of cells added at a gNB-CU.
Based on the outcome of the discussion, we think it is important to clarify the scenario and highlight the problem we have identified.
When a gNB-DU signals to a gNB-CU the addition of a served cell, the gNB-CU will need to “create” a new cell. After such process, the gNB-CU can decide to activate certain cells. However, the gNB-CU will need to store (i.e. create) information about all the served cells signalled by the gNB-DU in order to be able to activate any of such cells at any point in time. 
In TS38.423 it is described that an NG RAN node can support a maximum of 16384 cells. That maximum value was agreed with the idea of having a maximum that would allow for sufficient margin for future expansions. In TS38.473 a gNB-DU is assumed to have a maximum of 512 served cells. In the case where gNB-DUs using the maximum number of cells are deployed, 32 gNB-DUs can be connected to a gNB-CU. It is likely that more than 32 gNB-DUs could be connected to a gNB-CU. 
Without going to such extreme, and assuming that a gNB-CU supports less than 16384 cells, it is evident that there can be cases where such maximum number is exceeded due to gNB-DUs connecting to the gNB-CU and signalling new served cells that the gNB-CU will need to store.  
Therefore, the use case we would like to investigate is described below.
A gNB-DU initiates F1 Setup with a gNB-CU. A gNB-DU can attempt F1 Setup with a gNB-CU e.g. either because the gNB-DU has been configured with the gNB-CU’s SCTP termination point or because a DNS lookup returned a certain gNB-CU IP Address back to the gNB-DU.
Once an F1 connection with the gNB-CU is established, the gNB-DU has been configured with a number of cells to be added.
The gNB-DU will comply with the restriction resulting from the actual number of cells that can be added to the gNB-CU. Let’s assume that either the F1 Setup does not succeed, or it succeeded but then, for some reason, the gNB-CU is subject to failure and the gNB-DU connected to it will be disconnected at F1 level. At this point, the gNB-DU will need to connect to a different gNB-CU. In the case that the new gNB-CU has space for less cells to be added than the previous gNB-CU, the F1 Setup from gNB-DU to the new gNB-CU will fail because the gNB-DU will try to add more cells than allowed in the new gNB-CU. Figure 1 explains the issue ina graphical way.


Figure 1: Failures due to max number of added cells reached at gNB-CU
Considering the use case presented, we see that it is impossible for a configuration to correctly configure the maximum number of cells a gNB-DU shall add to the gNB-CU, because this number is variable and it depends on e.g. failure events over F1 or at gNB-CUs, it depends on other gNB-DUs connecting to the new gNB-CU etc. which cannot be planned in advance. Evidently relying on OAM configuration will not provide solution to the problem. Furthermore, in a multivendor scenario, gNB-CU and gNB-DU would be connected to different OAM systems.
In such a solution when the gNB-CU approaches its maximum cell capacity, it should be able to communicate this to the OAM of the gNB-DUs. This seems like a rather complicated and inefficient approach based on the above. Figure 2 shows why an OAM based solution seems unfeasible.


Figure 2: An OAM solution cannot prevent failures due to max number of added cells reached at gNB-CU

We believe that the best way would be to strive for a solution at F1AP protocol level, which is the most efficient and inexpensive way.
In TS 38.473 there is currently not an adequate guidance on how to handle this case. The only option for the gNB-CU is to reject the full procedure. If for example new served cells are added via the F1 Setup procedure and if these cells exceed the total maximum number of cells a gNB-CU can support, the F1 Setup procedure will have to be failed. This is a very critical error because it may lead to never being able to setup an F1 and therefore to not being able to connect a gNB-DU to a gNB-CU.
One option could have been to allow the gNB-CU to reject the addition of certain cells, i.e. of those cells surpassing its maximum supported number. But this is currently not possible. Furthermore, in the current standard there is no way to indicate the reason of a rejection due to exceeding the maximum number of supported cells. The latter hides to the gNB-DU a clear view of the gNB-CU status and reduces the efficiency of the relevant procedures, since the gNB-DU will not know the reason of the rejection. As a result, the gNB-DU will not have the possibility to request the creation of a different number of cells making sure that the max number is not exceeded. 
Observation 1: the gNB-CU cannot indicate that a rejection of request for cell creation, e.g. in F1 Setup Request or gNB-DU Configuration Update, is due to max number of supported cells being exceeded.
[bookmark: _Hlk40172138]It was mentioned before that one way to solve this issue is to let the gNB-CU to reply with a partial list of added cells. However, a better way to solve this issue is to add information in the F1 SETUP FAILURE message and in the GNB-DU CONFIGURATION UPDATE FAILURE message about the total number of cells that could have been created without exceeding the maximum supported. In addition, a cause value should be specified clarifying that the failure is due to surpassing the max number of supported cells. In this way the gNB-DU will know the reason of the rejection and it can re-send a request for cell creation, but this time with a filtered list of cells so that the max number of supported cells at the gNB-CU is not surpassed. This approach is considered to be a better choice with respect to allowing the gNB-CU to reply to an F1 Setup Request or gNB-DU Configuration update with a partial list of created cells for the following reasons:
· The gNB-CU does not know the characteristics in coverage of each cell and it may filter out cells that are essential for coverage
· The impact on procedures is rather high. Instead the proposed enhancement to the failure messages leaves the procedures unaltered from a functional point of view and only adds assistance information that allow future success of such procedures.
In light of the above the following is proposed:
Proposal 1: add information in the F1 SETUP FAILURE message and in the GNB-DU CONFIGURATION UPDATE FAILURE message about the total available number of cells that could have been created. In addition, a cause value should be specified clarifying that the failure is due to exceeding the max number of supported cells.
Conclusion
In this contribution the issue of the number of supported cells being exceeded in the CU has been discussed and the following proposal was made:
Proposal 1: add information in the F1 SETUP FAILURE message and in the GNB-DU CONFIGURATION UPDATE FAILURE message about the total available number of cells that could have been created. In addition, a cause value should be specified clarifying that the failure is due to exceeding the max number of supported cells.
CRs reflecting the proposal above are available in R3-204781 and in R3-204782.
[bookmark: _In-sequence_SDU_delivery]References
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