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1.	Introduction
In this contribution, we provide a summary of responses to the following concerns received in the last RAN4 meeting.
1. What constraint a UE might face in terms of baseband processing capability
2. Network complexity due to change of scheduling method, gap and measurement reconfiguration
3. Overhead increase
2. 	Discussion
Although we can see a high level of consensus on a necessity and benefit of a new per BC based per-FR MG capability and believe all technical concerns raised by a few companies were already addressed during Rel-16 timeframe, we would like to provide answers to the questions received in the last RAN4 meeting once again.
4. What constraint a UE might face in terms of baseband processing capability
5. Network complexity due to change of scheduling method, gap and measurement reconfiguration
6. Overhead increase

Note that all the technical concerns listed above can actually be found in the following contribution papers which we already provided in the last meeting for companies easier reference.
1. R4-2106442, “Discussion on UE capabilities,” Intel, RAN4#98-bis-e, April 2021
2. R4-2106989, “Discussion on Per BC indication of per-FR gap,” Huawei, HiSilicon, RAN4#98-bis-e, April 2021
3. R4-2108968, “Discussion on Rel-16 Features,” Qualcomm Incorporated, RAN4#99-e, May 2021.
4. R4-2109225, “Discussion on UE capabilities in Rel-16,” Intel Corporation, RAN4#99-e, May 2021.
5. R4-2110367, “On UE behavior due to separate NR HST capability and on Per BC indication of per-FR gap,” Huawei, HiSilicon, RAN4#99-e, May 2021.

What constraint a UE might face in terms of baseband processing capability
From reference #4(R4-2109225):
The reason that per-FR gap was introduced as a per-UE capability is that RAN4 thought there was no baseband constraint for supporting FR1+FR2 with the assumption of totally decoupled basebands between the FR1 and FR2 modules. However, this design changes dramatically over time: we have clues to believe that certain level of integration at baseband between FR1 and FR2 modules now seems beneficial and it has become more trendy day by day.
But a problem can be foreseen, as if under such kind of UE implementation supporting per-FR gap can be difficult, especially when there are huge processing complexity coming from increasing band numbers in the band combination. Imagine a UE supporting CA_n1-n78-n79-n257 has to at the same time measure in FR2 gap the neighbour cell of 400MHz in n257 and receive n1 (50MHz), n78 (100MHz) and n79 (100MHz) DL signals simultaneously (not to mention there could be intra-band CA within each of n1, n78 and n79). This is apparently much more demanding for a UE in terms of allocated baseband resources compared to a lower order band combination, say DC_n1_n257.
What is also possible is that a UE needs to support inter-band CA in FR2 in the foreseen future, which makes life even harder for a UE to support per-FR gap and a high order BC at the same time.
Observation 3:  Per-FR gap capability for a UE is not purely depending on RF architecture but also baseband design.
From reference #5(R4-2110367):
It could be the observed from the above table that there are many RRM requirements are defined according to whether the UE supports per-FR gap. From the existing requirements, the dependency could be divided into two categories: UE is capable of per-FR gap and UE is configured with per-FR gap. For the RRM requirements which is not directly related to the measurement (e.g. interruption requirements), the requirements are organized using the former way that when UE is capable per-FR gap, then the corresponding operations are only within a certain FR. For the RRM requirements directly related to the measurement using gap, the later way is adopted, e.g. when to start the MG and gap sharing principle. The very basic principle of having this new per-BC indication of the independent gap is that it will not change the functionality or meaning of the per-FR gap. For instance, when NW determine that under current serving CC configuration, the UE could support per-FR gap, then NW could configure the per-FR gap to this UE. Then how this per-FR gap works (e.g. when to start the gap, how to calculate CSSF, determine whether gap is needed) has nothing changed compared with the existing requirements.

In summary, there are multiple RRM requirements that are tied to support of per-FR gaps even when there is no immediate correlation between the requirement and the per-FR gap capability. For instance, parts of UE baseband chains, processors, etc can be shared between bands even when the bands are in different FRs in some cases, e.g. especially when UE is configured with the highest number of CCs that the UE supports, which makes UE not be able to some of those requirements.

Network complexity due to change of scheduling method, gap and measurement reconfiguration
As presented in multiple contributions and mentioned in GTW sessions during Rel-16 timeframe, the proposal “Keep the original per UE per-FR gap indication and add new Per BC indication for the per-FR gap capacity to Rel-17 UE feature list” is made in a backward compatible manner.  Note that the proposed ‘per-BC based per-FR gap indication’ does not replace the legacy ‘per-FR gap’ capability signalling.

Overhead increase
Overhead increase would be ‘1bit per BC’ at worst. As NW and UE can save a lot of resources by supporting per-FR gap in most band combinations if per-BC based per-FR gap is newly introduced, the overhead increase in the new capability signalling should not be an issue.

Again, we do not see any additional spec work that can be caused by the proposal except adding a new signalling to RAN2 spec, we recommend the group to agree the following proposal at this meeting and let RAN2 implement the new capability in their spec for Rel-17.

Proposal 1: Keep the original per UE per-FR gap indication and add new Per BC indication for the per-FR gap capacity to Rel-17 UE feature list.

3. 	Conclusion
The following proposals were made in the contribution.
Proposal 1: Keep the original per UE per-FR gap indication and add new Per BC indication for the per-FR gap capacity to Rel-17 UE feature list.

