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1
Introduction
In radio capability signaling (RACS) SI [1] approved in RAN#80, UE capabilities handling is investigated to obtain an efficient approach to signal UE Radio Capability information. The tentative directions are proposed, including UE capability identifier, compression, segmentation.
While there is no valid NR UE capability example, this paper first applies generic compression on LTE UE capability, and then provides the possibility of generic compression on NR UE capability by qualitative analysis. Generic compression can reduce duplicated content of NR UE capability within the same UE. Furthermore, the generic compression can be used with UE capability ID solution to remove duplication within the same UE and across UEs.
Hence this paper propose two solutions, generic compression without reference database and generic compression with reference database, to achieve UE capability size reduction.
2
Discussion

2.1
Generic compression on LTE UE capability 
The general way to reduce duplicated content in a document is compression. Hence, this paper takes one LTE UE capability as an example to evaluate if generic compression is useful for UE capability size reduction. This example, whose size is around 1Kbyte, contains several tens of band combinations. By applying generic compression algorithm, Deflate [2], to this example, the UE capability size is reduced to 54% of the original size. The compression gain is non-negligible.
Observation 1:
Compression can reduce LTE UE capability size by removing capability duplication within the same UE.

2.2
NR UE capability structure

By analyzing the content of this example, we found a number of repetitions among capabilities of several tens of band combinations. RAN2 has also had the same observation. Thus, the capability has been divided into band-related and band-agnostic capability to reduce the redundancy across band combinations. Also, UL and DL capabilities have also been split to eliminate repetitions in band combinations with the same UL capability. As a result, the capability of a band combination refers to a feature set combination identifier in NR UE capability, and the feature set combination is composed by some underlying feature sets.

The method above eliminated duplication in NR UE capability and hence reduced its size. For different band combinations of the same capabilities, however, duplication still exists. As the number of band combinations grows, the repetition will become considerable. Thus, the generic compression method can further reduce duplicated content of NR UE capability within the same UE.

Observation 2:
Generic compression method can also be used to reduce duplication of NR UE capability within the same UE.
Observation 3:
Generic compression can work with other solutions to reduce size.

Proposal 1:
Capture observations of generic compression in TR.

3
Generic compression without reference database
The behavior of the solution based on generic compression without reference database is described below:

· UE side compression

1) compression:

UE compresses its capability to obtain the compressed UE capability.

2) signalling:

UE then sends the compressed UE capability to network side.

· Network side (gNB) decompression

1) decompression:

In network side, it decompresses the compressed UE capability received from UE side to get the full UE capability.

The flow is shown as follows:
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Figure 1: Flow chart of generic compression without reference database
Proposal 2:
Capture generic compression without reference database solution in TR.
4
Generic compression with reference database
4.1
UE capability identifier and delta
In TSG SA2 discussion, UE capability ID is discussed for UE to refer to a set of capabilities [3] in order to achieve duplicated capability reduction across UEs with the same UE capability. For UEs of the same model, it is expected that their UE capabilities are almost equivalent. Thus, a relatively short UE capability ID cuts down the size of packet carrying UE capability information.
Nevertheless, in some conditions the UE capabilities are not totally the same due to software update. The only fallback is the inefficient full capability reporting. To benefit from UE capability identifier design, the “delta indication” is essential to indicate the difference between the set of capabilities an ID referring to and the exact capabilities. This manner can also be applied to the new model UE when the UE capability ID is not available yet in the network. In short, the delta indication is essential to expand the UE capability reduction gain and to prevent from the use of full capability signaling.
Observation 4:
Delta indication is essential for the use of UE capability identifier.
The concept of UE capability identifier is similar to preset dictionary in generic compression that the content of the set of capabilities can be treated as a preset dictionary so that it can be referred while compressing UE capability. Then, compression can take advantage of UE capability identifier by set the corresponding capabilities as the preset dictionary, and it essentially supports delta indication. That is, compression can reduce UE capability size by eliminating not only repetitions within the same UE but also those across UEs. Therefore, generic compression can be used with UE capability identifier solution to achieve delta indication.
Observation 5:
Generic compression can be used with UE capability identifier solution to reduce UE capability duplication across UEs.

Observation 6:
Generic compression with UE capability identifier supports delta indication.
Generic compression, however, is a byte-aligned method, while the UE capability encoded by ASN.1 is not. It may happen that one optional field in UE capability exists in UE capability but not in UE capability reference. In this case, generic compression method may face the bit-shift issue which crashes the pattern matching and thus hurts compression gain. 
Observation 7:
Bit-shift issue may hurt UE capability size reduction gain by using generic compression.

Observation 8:
Further investigation on the gain by generic compression with UE capability identifier as preset dictionary.

4.2
Generic compression with reference database
The behavior of the solution based on generic compression with reference database is described below:
· UE side compression
1) reference selection:

UE selects a UE capability identifier in the UE capability reference database such that the reference is as close to its capability as possible.

2) compression:

UE first sets the capability reference as the preset dictionary for the compressor, and then compresses its capability to obtain the compressed UE capability.

3) signalling:

UE then sends the compressed UE capability along with the UE capability identifier it chose so that the network side can derive its capability.
· Network side (gNB) decompression
1) decompression:

In network side, it first sets the preset dictionary as the capability reference of UE capability identifier selected by UE, and decompresses the compressed UE capability received from UE side to get the full UE capability.

The flow is shown as follows:
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Figure 2: Flow chart of generic compression with reference database

Proposal 3:
Capture generic compression with reference database solution in TR.


5
Conclusions

In this paper, we observe
Observation 1:
Compression can reduce LTE UE capability size by removing capability duplication within the same UE.

Observation 2:
Generic compression method can also be used to reduce duplication of NR UE capability within the same UE.
Observation 3:
Generic compression can work with other solutions to reduce size.

Proposal 1:
Capture observations of generic compression in TR.

Proposal 2:
Capture generic compression without reference database solution in TR.

Observation 4:
Delta indication is essential for the use of UE capability identifier.
Observation 5:
Generic compression can be used with UE capability identifier solution to reduce UE capability duplication across UEs.

Observation 6:
Generic compression with UE capability identifier supports delta indication.
Observation 7:
Bit-shift issue may hurt UE capability size reduction gain by using generic compression.

Observation 8:
Further investigation on the gain by generic compression with UE capability identifier as preset dictionary.

Proposal 3:
Capture generic compression with reference database solution in TR.
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