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1	Introduction
RAN2 has been discussing the RAN4 LS in R4-1910239 on FR2 CA/DC fallback band combinations and, since concerns were raised in RAN2 with regards to skipping FR2 fallback band-combinations, RAN2 did not agree on the Rel-16 CRs, but instead only technically endorsed them and left the decision up to RAN plenary. It is worth to note that RAN2 previously approved a Reply LS to RAN4 in R2-2004267 explaining the discussion status in RAN2 and also reporting a couple of questions for better clarification on their LS. 
The RAN2 Rel-16 CRs can be found in: R2-2006285 (38.331) and R2-2006286 (38.306).
In this paper we provide our view on this topic.
[bookmark: _Ref178064866]2	Discussion
2.1	What are fallback band combinations?
First, the UE indicates to the network the "capabilities" of the UE. These capabilities indicate which features have been implemented in the UE, which bands the UE supports and which combinations of serving cells the UE supports for carrier aggregation and dual connectivity. The latter is expressed in terms of “band combinations”. 
A "band combination" in the UE capabilities comprises one or more band parameter entries. For each of those the UE indicates the number of contiguous carriers and their respective bandwidths.
One example: if a UE supports up to 8 contiguous carriers for a certain band, this can be expressed as 8 different band combinations: one band combination with 1 carrier, one with 2 carriers, one with 3 carriers, …, and one band combination with 8 carriers. According to 38.306, the band combinations with 1 to 7 contiguous carriers are considered as “fallback band combinations” to the combination with 8 carriers:
	Fallback band combination: A band combination that would result from another band combination by releasing at least one SCell or uplink configuration of SCell, or SCG. An intra-band non-contiguous band combination is not considered to be a fallback band combination of an intra-band contiguous band combination.



According to the procedure described in RRC (38.331), section 5.6.1.4, the UE shall omit/"remove" the entries for 1, 2, 3 ... 7 contiguous carriers from its ASN.1 data structure in the UE capability signalling. Hence, they shall not be sent explicitly, even though they shall be supported by the UE:
	2>	if it is regarded as a fallback band combination with the same capabilities of another band combination included in the list of "candidate band combinations":
3>	remove the band combination from the list of "candidate band combinations";



Based on this, the UE only needs to indicate to the NW that it supports 8 contiguous carriers, and the other band combinations that would result from those 8 contiguous carriers (i.e. with 7, 6 , ..., 1 carriers) are all implicitly supported and never signalled to the network. These implicit entries are what RAN2 call "fallback band combinations". Note that the UE has no means to tell the NW that it does not support those fallback band combinations.
The UE shall omit fallback band combinations from the supportedBandCombinationList in ASN.1 but it shall support those combinations anyway.

Admittedly, the word "fallback" could be confusing as it may seem to imply that it refers to a situation where a UE was at first configured to use 8 carriers, but later the network de-configured carriers for the UE. However, this is not the case. In retrospective, RAN2 should have called the "fallback band combinations" something like "implicit band combinations" since they are, while not explicitly signalled, instead implicitly known based on a band combination which the UE actually signals. In the above example, the 7-, 6-, 5-, …, 2-carrier band combinations are never sent but instead implicitly supported by the UE since the UE explicitly indicated an 8-carrier band combination.
A “fallback band combination” indicates a possible band combination the network may configure the UE with - irrespective of any preceding RRC configuration.
2.2	What does the RAN4 suggestion imply?
It has been argued that it is cumbersome to do testing of all fallback band combinations. To reduce the testing effort, it has been proposed that the UE should not be required to support all fallback band combinations. 
With this proposal, a UE which indicates in its ASN.1 capability a band combination with 8 carriers, would be known to support only 8 carriers or 1 carrier. The network would not be allowed to assume that the UE supports a configuration with 7, 6, 5, ..., 2 carriers.
Of course, UE vendors could, if they want, explicitly signal a band combination entry which indicates that the UE supports in addition to 8 and 1, also e.g. 4 carriers by indicating in two different band combination entries: 
· Entry 1: up to 4 carriers (i.e., also 3, 2 or 1) and
· Entry 2: 8 carriers (but not 7, 6, 5).
Which band combinations the UE supports with and without implicit fallbacks would, according to the CRs, be entirely up to the UE vendor. A UE vendor could therefore do what can be called "cherry-picking" of band combinations it wants to support.
The RAN2 CRs allow UE vendors to "cherry-pick" which band combinations they prefer to support.
2.3	Issues with the skipping of fallback band-combinations
Specification-wise the skipping of the fallback band combinations is not complicated to implement. But it has three main drawbacks: 
· Computational complexity
· Capability signalling overheard
· Risk of market fragmentation

Computational complexity: When a UE connects, the gNB tries to find the best configuration for the UE. What is the best configuration may depend on the carriers the gNB has deployed, the band combinations the UE supports, the current load in the cells, measurements, etc. etc. etc. The search for the best configuration to use for the UE must be completed within a couple of milliseconds because any delay in the search would result in a delay for starting to serve data traffic to the UE.
Currently, with the implicit fallbacks (i.e. the current specifications) the gNB knows that a UE which doesn’t support N carriers, also does not support N+1 carriers meaning that the search for the best configuration can be cut short by not having to check a configuration for N+1 carriers.
Without the implicit fallbacks, the network would have to perform many more search steps since the UE may support 8 carriers even if it does not support 5, 6 or 7 carriers. As a result, the search for the best configuration may either take much longer (i.e. increasing the control plane latency), or the network may need to terminate the search for the best configuration resulting in a non-best configuration.
Skipping of fallbacks increases computational complexity and may result in that the best configuration cannot be used.

Capability signalling overhead: With the proposal the UE would explicitly signal band combinations which, based on today's signalling, are implicit/not signalled. The signalling overhead increases due to this. And due to the increased number of explicitly signalled band combinations, the time needed to validate possible configurations (see above) will also take longer. The RACS WI introduced UE capability segmentation, which would allow a larger maximum size of the UE capability signalling, but with the RAN4 proposal we would quicker approach the maximum, again.
Skipping of fallbacks increases capability signalling overhead.

Market fragmentation: if a UE vendor starts cherry-picking the band combinations in their implementation/testing, without supporting all fallbacks it means that a UE may support only e.g. 8, 4 or 1 carriers. Which means that the network can only configure exactly 8, exactly 4 or exactly 1 carrier for this UE. It will be impossible to ever configure such a UE with 7, 6, 5, 3, or 2 carriers. If the UE would enter CONNECTED mode in a gNB, or gets handed over to a gNB, which has deployed 7 carriers, the gNB could only configure 4 or 1 carriers for this UE. The UE would reject any configuration message which attempts to configure anything else than 8, 4 or 1 carrier.
So, while the UE may have been well suited to operate in one operator's network (or one part within one operator's network) another operator may not be able to use the full potential of the UE in its network. Or if later, or in another part of the network, fewer carriers are used, or if for some reason the operator cannot configure the 8th carrier for a UE, the operator could only serve the UE with 4 carriers.
Skipping of fallbacks has a risk of creating market fragmentation.
2.4	Other aspects
[bookmark: _Hlk37169052]Restructuring of n260: The band which triggered the discussion is n260. This band is currently very fragmented which has been argued is a motivation for skipping fallbacks. However, work is ongoing to restructure this band after which operators with spectrum in this band will all have contiguous spectrum. This will simplify both implementations and testing hence the motivation for the RAN4 suggestion is no longer very clear. More info can be found in  https://docs.fcc.gov/public/attachments/DA-20-253A1.pdf.
Work is ongoing to restructure the spectrum in band n260 and with it, the motivation for skipping fallbacks is lessened.

Testing: An argument for skipping fallbacks has been that current specifications requires a lot of testing. It seems though that the amount of testing is not as high as has been suggested. This issue regarding testing has also been brought up in RAN4 and RAN2 discussions and companies have different understandings of the amount of testing which really is needed.
It is unclear if testing really is an issue.

RAN4 workload: It has been argued that a motivation for removing the implicit fallbacks is to reduce RAN4 workload since it is claimed that RAN4 cannot complete their specifications w.r.t. the fallbacks. However, there are means for RAN4 to reduce their load. For example, the large tables in section 5.5A.2 in 38.101-2 can be removed since all information is provided explicitly in ASN.1-capability signalling.
It would be possible to reduce RAN4 workload w.r.t. defining band combinations by removing the large tables in section 5.5A.2 in 38.101-2. RAN4 can explore these possibilities.

2.5	Suggested Way forward
Considering aspects for the concerned RAN working groups, we propose the following:
[bookmark: _Toc43749658]Do not approve the RAN2 CRs on FR2 CA/DC fallback band combinations skipping.

3	Conclusion
Based on the discussion in the previous sections we propose the following:
Proposal 1	Do not approve the RAN2 CRs on FR2 CA/DC fallback band combinations skipping.
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