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Introduction
[bookmark: _GoBack]In realistic deployments, there is a possibility that EN-DC configuration fails due to the band combination selection process between eNB and gNB, if gNB supports only certain value of bandwidth (e.g. 100MHz). This issue was discussed in R2-2100772 [1] and a potential solution for the issue based on eNB implementation was captured in the chair notes.
The above solution relies on a certain condition on signalled UE capability, which is not ensured by the specifications. This contribution describes the remaining issue that comes from the above condition, and proposes a solution based on UE capability filtering.
Discussion
Revisiting the EN-DC Setup Failure Issue
Let us briefly revisit the band combination selection issue. The essence of the issue can be summarized as follows.
Observation 1: EN-DC setup fails in the case where:
· gNB supports only a certain value (or limited values) of bandwidth, e.g. 100MHz, for a CC in a certain band; and
· UE supports the band above, but some band combination(s) in the UE capability does not support the above bandwidth of the band (e.g. max 40MHz is supported); and
· allowedBC-ListMRDC sent from eNB to gNB contains only such band combination(s) that supported bandwidth of a band in the band combination does not match between gNB (e.g. 100MHz) and UE (e.g. 40MHz).
More specific case studies are provided in the sub-sections.
[bookmark: _Ref75540445]Discussion in RAN2 #113-e: eNB Implementation-Based Solution
The specific issue in R2-2100772 [1] is shown in Figure 1. The maximum bandwidth supported by the UE in a NR band varies according to the number of LTE CCs. If number of LTE CCs is less than two, then 100MHz bandwidth can be used in the NR band. On the other hand, if the number of LTE CCs is more than two, then only 40MHz bandwidth can be used in the NR band. In this specific case, the eNB firstly determines the number of LTE CCs (>3), and “narrows down” the allowedBC-ListMRDC to allow only 40MHz bandwidth in the NR band, which leads to SgNB addition rejection due to lack of support for 40MHz operation by the gNB.
[image: ]
Figure 1: EN-DC setup failure due to narrowing-down of the BCs
To mitigate the above issue, the following was captured in the chair notes of RAN2 #113-e.
[007] When configuring allowedBC-ListMR-DC, the MN may increase the probability that the SN finds a suitable SCG configuration by including in this field all entries that comprise at least the PCell band. 

In this specific case, if the eNB implementation does not narrow down the allowed BC list as suggested in the chair notes, BC #2 (LTE 2CC + NR 100MHz) remains in the allowed BC list and EN-DC setup succeeds. As the essence of this solution is that the eNB “does not narrow down” the allowed BC list, the solution can resolve the problem only under the condition that at least one BC in the UE capability (in this case, BC #2) matches the bandwidth supported by the gNB. 
Observation 2: The solution in RAN2 #113-e based on eNB implementation is valid only under the condition that at least one BC in the UE capability matches the bandwidth supported by the gNB.
Unfortunately, this condition is not ensured by the specifications. Let us discuss it in the next subsection.
Remaining Issue
The maximum bandwidth supported by the UE is indicated in supportedBandwidthDL/UL. In 38.306, the following description for supportedBandwidthDL/UL can be found.
--
For FR1, all the bandwidths listed in TS38.101-1 Table 5.3.5-1 for each band shall be mandatory with a single CC unless indicated optional. For FR2, the set of mandatory CBW is 50, 100, 200 MHz. When this field is included in a band combination with a single band entry and a single CC entry (i.e. non-CA band combination), the UE shall indicate the maximum channel bandwidth for the band according to TS 38.101-1 [2] and TS 38.101-2 [3].
--
As highlighted above, for FR1, the support for bandwidths is mandated only for a single CC case, i.e., non-CA case in NR standalone operation. For EN-DC, it is obvious that multiple CCs (i.e. at least LTE and NR) are used. Therefore, for EN-DC, there is no mandatory requirement for FR1 bandwidths. This explains why the case that the UE only supports BC #1 in Figure 1 (LTE 5CC + NR (n78) 40MHz) did exist even though 100MHz CBW is listed in the “mandatory bandwidths” table for a single CC, i.e. Table 5.3.5-1 of TS 38.101-1 v15.0.0. 
Observation 3: Mandatory support for bandwidths in TS 38.101-1 applies only for a single CC case. For EN-DC, as multiple CCs are always used, there is no mandatory bandwidths specified for FR1.
Therefore, UEs that support only limited bandwidth in NR part of EN-DC can exist under current specifications. For example, as shown in Figure 2, if the UE only supports the maximum bandwidth of 40MHz for NR part of EN-DC irrespective of LTE part, the EN-DC with the gNB in 100MHz operation would fail.
Observation 4: The solution in RAN2 #113-e based on eNB implementation cannot prevent EN-DC setup failure in circumstances where UE only supports limited bandwidth in a certain NR band irrespective of LTE band combinations.
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Figure 2: EN-DC setup failure, where the solution in 2.1.1 cannot be applied
Potential Solutions
Potential solutions, including those impacting specifications and those relying on implementations are studied in this section.
Solution 1: MN-implementation-based solution in RAN2 #113-e
This solution is what we discussed in 2.1.1. In this solution, MN does not narrow down the allowedBC-ListMRDC to prevent the situation where no band combination in allowedBC-ListMRDC is supported be the SN. 
As discussed in the previous sections, this solution solves the issue in 2.1.1, but does not solve the issue in 2.1.2.
Solution 2: MN decodes UE-NR-Capability and checks NR bandwidth
In this solution, the eNB decodes the OCTET STRING contents to comprehend UE-NR-Capability and internally filters out the band combinations which are not supported by the gNB, taking NR bandwidth into account. Thus the eNB could decide not to attempt EN-DC setup if there is no band combination supported by the gNB.
This solution would solve both of the issues in 2.1.1 and 2.1.2. However, it is against the original concept for eNB to be required to decode and comprehend NR-specific UE capabilities. From deployment and operation point of view, it would also prevent independent evolution/upgrade of eNB and gNB. For these reasons this solution would not be suitable.
Solution 3: UE reports only the BCs supported by the SN
In this solution, current UE capability enquiry signalling is enhanced so that the eNB can provide the UE with additional filtering parameters regarding bandwidth. According to the signalling, the UE reports only the band combinations with bandwidth supported by the gNB. The additional parameters should be, for example, list of channel bandwidths that should be supported for each band in the reported BCs, etc.
In Release 15, the eNB can signal maximum bandwidth and maximum number of CCs for each NR band for signalling reduction as discussed in R2-1807383 [2]. Since this solution is to enhance the signalling to include additional bandwidth parameters, it also helps reduce the UE capability signalling size.
With this solution, as the UE no longer reports the band combinations not supported by the SN, both of the issues in 2.1.1 and 2.1.2 are solved.

Based on the above analysis, it is proposed to go for Solution 3, which can solve both issues and aligns with original concept of UE-NR-Capability transparent container.
Proposal 1: RAN2 to support NR UE capability filtering by additional NR bandwidth parameters, e.g. list of channel bandwidths that should be supported for each band in the reported band combinations.
Additionally, the issues discussed in this paper can also occur if the subcarrier spacing supported by UE and gNB does not match. Therefore it would be beneficial to apply the same filtering solution for subcarrier spacing. This also aligns with the bandwidth table in TS 38.101-1, where bandwidths are defined for each SCS value.
Proposal 2: RAN2 to support NR UE capability filtering by subcarrier spacing.
Summary and Proposal
Observation 1: EN-DC setup fails in the case where:
· gNB supports only a certain value (or limited values) of bandwidth, e.g. 100MHz, for a CC in a certain band; and
· UE supports the band above, but some band combination(s) in the UE capability does not support the above bandwidth of the band (e.g. max 40MHz is supported); and
· allowedBC-ListMRDC sent from eNB to gNB contains only such band combination(s) that supported bandwidth of a band in the band combination does not match between gNB (e.g. 100MHz) and UE (e.g. 40MHz).
Observation 2: The solution in RAN2 #113-e based on eNB implementation is valid only under the condition that at least one BC in the UE capability matches the bandwidth supported by the gNB.
Observation 3: Mandatory support for bandwidths in TS 38.101-1 applies only for a single CC case. For EN-DC, as multiple CCs are always used, there is no mandatory bandwidths specified for FR1.
Observation 4: The solution in RAN2 #113-e based on eNB implementation cannot prevent EN-DC setup failure in circumstances where UE only supports limited bandwidth in a certain NR band irrespective of LTE band combinations.
Proposal 1: RAN2 to support NR UE capability filtering by additional NR bandwidth parameters, e.g. list of channel bandwidths that should be supported for each band in the reported band combinations.
Proposal 2: RAN2 to support NR UE capability filtering by subcarrier spacing.
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