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Abstract of the contribution: The contribution proposes a solution to segment Radio Capability Report.
1
Discussion
In the TR 23.731, RP-181146 is referred to indicates that a “typical” size for the NR capability is 65 536 octets.
Within the RP-181146, it is further explained that:

From LTE experience, we estimate the typical size for NR capability as:

Estimated_Max_#_of_band_combination * Estimated_Max_#_of_band * Estimated_Max_#_of_Feature_Sets_per_BC * Feature_Set_ID *2 
= 1024*4*8*8*2= 2^16 byte = 65,536 bytes
It may be possible that the UE’s radio capability reaches this “typical” size. This is because for a UE, it has to support the frequencies of operators around the world. This makes the UE radio capability is undesirably long.

Please note that the undesirable length of UE radio capability is mainly contributed by relatively new feature such as CA and DC in the existing network. This is also shown in the RP-181146 ( “ Estimated_Max_#_of_band” and “Estimated_Max_#_of_band_combination”). 
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Figure 1: example of UE radio capability
Observation 1: The UE radio capability is undesirably long when supporting CA and DC. This is because the UE has to support the bands/band combinations from operators around the world.

In fact, for a UE serving by a certain PLMN, within the radio capability, only the bands/band combinations related to this PLMN is useful. Each operator owns/uses a specific band /band combination to provide service. Even though the UE provides all its bands /band combinations to the RAN, the RAN can only schedule the traffic on the band/band combinations, which this operator owns/uses. In this sense, in order to reduce the length of radio capability, the UE can simply include band/band combinations related to this PLMN into the radio capability and report this optimized radio capability related to the serving PLMN.
Observation 2: For a certain PLMN, most of the band combinations in the UE radio capability is irrelevant. The UE can simply include bands/band combinations related to this PLMN into the radio capability, which reduces the length of UE radio capability.
Actually, limiting the band/band combinations in the radio capability has been supported by LTE. From TS 36.331, the IE “requestedFrequencyBands” is defined to specify the band/band combination to report. Same mechanism is safely expected to define in NR(TS 38.331).
UECapabilityEnquiry-v1180-IEs ::=
SEQUENCE {


requestedFrequencyBands-r11


SEQUENCE (SIZE (1..16)) OF FreqBandIndicator-r11






OPTIONAL,


nonCriticalExtension



UECapabilityEnquiry-v1310-IEs






OPTIONAL

}

	requestedFrequencyBands

List of frequency bands for which the UE is requested to provide supported CA band combinations and non CA bands.


Observation 3: The RRC layer has supported that the RAN to inquiry the UE radio capability for specific band combination. It can dramatically reduce the radio capability reported by UE.
From our observation of actually usage of CA in the existing LTE network, for one single PLMN, the typical size of the radio capability is around 2-3K bytes (e.g. 200-300 band combinations). For the operator supports up to 5CC in CA, the size of the radio capability is around 4-5K bytes (400-500 band combinations), which one message is sufficient already. 

Since the UE has to report its LTE capability (e.g. CA) and NG-RAN capability (e.g. CA in NR and en-DC), it is still very likely that the radio capability will exceed the size limitation. However, since RAN group start working to optimize the coding of band combination, it is reasonable to assume that the NG-RAN radio capability is no bigger than the LTE radio capability. Actually, based on our roughly estimation (according to TS 38.331-f21), the radio capability for NR (CA and eN-DC) is around 20K bytes, which means 2-3 segmentations are sufficient.
Observation 4: It is expected that the radio capability may exceed the size limitation of PDCP PDU for a certain PLMN. However, it is also expected that radio capability can be contained with 2 or 3 messages. 
Consequently, it is proposed to capture the following solution:
######################### START CHANGES ###########################

6.X
Segmented UE Radio Capability report procedure
6.x.1  General 
The UE radio capability in 5GS is too large to be contained in a single message, due to it includes bands/band combinations around for operators around the world. However, for a certain PLMN, most of the bands/band combinations in the UE radio capability is irrelevant. In fact, in order to minimize the size of radio capability, the RRC layer has supported that the RAN inquiries the UE radio capability for specific bands/band combinations. However, it’s expected that the radio capability may exceed the size limitation of PDCP PDU for a certain PLMN, due to the UE needs to report radio capability of NR, EN-DC and LTE. Meanwhile, it is also expected that radio capability can be contained with 2 or 3 messages for a specific PLMN.
This procedure is enhanced on the top of the “UE Capability Match Request procedure” defined in 23401 and 23502. AMF/MME triggers this procedure to retrieve the UE radio capability with following additions:  

-
The AMF/MME initiates the procedure in case it does not have the valid radio capability, e.g. the AMF cannot obtain the radio capability from other NF based on the identifier of capability.

-
The RAN node shall specify the bands/band combinations it is interested in the UE capability Enquiry message. The bands/bands combinations are pre-configured in the NG-RAN node, e.g. by OAM.
-
The UE can decide to segment the UE Capability Information message in case it exceeds the size limitation. .
6.x.2  Segmented UE Radio Capability report procedure in 5GS
This procedure is performed in the following conditions:

- 
During initial registration/attach procedure when the AMF/MME cannot provide the UE radio capability to the RAN;

- 
When the UE indicates the radio capability changes in the mobility registration/TAU procedure;

-
When the AMF/MME intents to retrieve the latest UE radio capability due to various reason, e.g. the AMF/MME cannot obtain the radio capability based on the identifier reported by the UE.
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Figure 6.X.2-1: AMF retrieval of UE’s radio capability
1.
AMF sends the UE Radio Capability Request message to RAN.

2.
In order to limit the size of radio capability, the NG-RAN shall specify the bands/bands combinations it is interested in, and requests the UE to upload the corresponding UE radio capability information.

3.
The UE provides the NG-RAN with its UE radio capability as requested by sending the RRC UE Capability Information. Furthermore, in case the radio capability still exceeds the length limitation, the UE segments the radio capability into multiple messages (e.g. by RAT type). 

NOTE: How to segment the UE Radio capability is up to RAN to decide.

4.
The RAN indicates to the AMF/MME that whether the radio capability is successfully receives.

5.
RAN sends the combined radio capability of the UE to the AMF/MME. The AMF/MME stores the UE’s radio capability for later usage, e.g. service request, mobility registration and handover procedure.
Editor’s Note: It is FFS to whether and how the AMF allocate an identifier to the unknown radio capability.
######################### END CHANGES ###########################
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