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1. Introduction
In RAN#75, the new WI on NR has been approved [1] and the final version of the TR38.804 is (to be) available [2]. In RAN2#97, the followings were agreed for the UE capability coordination in LTE-NR DC [3]:
	Agreements

1
Type definitions are guidance for the purpose of discussion in the SI and early part of the WI phase. They will not limit further discussion and will not be captured in the specifications.

2
Type II, the use of the capability in one RAT has impacts to the other RAT, however the use of capability in one RAT is not understood by the NW side of the other RAT.  

3
Type III, the use of the capability in one RAT has impact to the other RAT, and the use of capability in one RAT is understood by the NW side of the other RAT.

4:
Some capabilities (e.g. RF capability) are coordinated using Xx and involve a reconfiguration of the UE. The configuration of the UE does not exceeds its capabilities.

5:
Some capabilities (e.g. buffer size) are coordinated using Xx and will not involve a reconfiguration of the UE. The ongoing operation of the network does not exceed the UEs capabilities


The TR captures the agreements above and also the UE capability transfer a little bit:

	For Type I capabilities, no coordination between LTE and NR is required. The secondary RAT specific capabilities are merely forwarded by the master node to the secondary node, following the baseline DC within LTE.


In addition, it was also agreed to introduce the direct SRB in the SCG in RAN2#97. It is an open issue which RRC messages can be sent via the direct SRB and thus we discuss in other contribution [4], where we consider that some of SN-RAT specific UE capabilities could be requested and reported via the direct SRB.
In this contribution, we discuss overview of the UE capability transfer including the possibility of using direct SRB for SN-RAT specific capability and storing the UE capabilities by the core network (EPC or 5GC).
2. Discussion
Here, we use the UE capability type definition: Type I, II and III [2]. Fig.1 shows the expected transfer of UE capability information in LTE-NR DC. Note that the figure is for illustration purpose and may not be appropriate in details, e.g. Type II and III may not be necessarily sent separately from Type I.
As in LTE DC, the MN request the UE to report its capability information including the DC capability and the UE sends the UE capability information to the MN. In LTE-NR DC, what the MN needs to store is the UE capability specific to the MN (Type I) and the UE capability requiring the coordination (Type II and III). For the Type II and III, the MN also forwards them to the SN.

Differently from the LTE DC, the MN just forwards the received UE capability specific to the SN-RAT (Type I) to the SN without looking into the contents. The handling of this SN-RAT specific one is similar to the UE capability for other RAT (i.e. UE-CapabilityRAT-Container in LTE), which is not used in the source eNB but provided to the target RAT node (e.g. target RNC in UTRA) for inter-RAT handover preparation.
On the other hand, regarding the UE capability storing in the network side, we consider that there will be no specific handling needed compared with the single connectivity.

Proposal 1: RAN2 to confirm that the MN sends the CN (EPC/5GC) all the UE capability information received from the UE regardless of the UE capability type in LTE-NR DC. The CN sends it back to the MN when the UE is re-connected.
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Fig.1: UE capability information transfer (basic)
In Fig.2, we consider some optimized UE capability transfer utilizing the SRB in the SCG (“direct SRB”). As discussed in other contribution [4], we consider that some of SN-RAT specific UE capabilities (Type 1) could be requested and reported via the direct SRB between the UE and the SN. We continue discussing with assuming it is possible in LTE-NR DC below.
Observation 1: Some of SN-RAT specific UE capabilities which the SN would like to know additionally but does not require the capability coordination could be transferred via the direct SRB.
One expected example of the additional SN-RAT specific would be a fall back capability for CA band combinations (e.g., requestDiffFallbackCombList-r14). This type of information may or may not be required in the SN depending on the network implementation or operation policy. If the UE moves to Idle and gets back to be connected to the same SN, it would be useful for the CN to store this additional UE capability information as well. However, if the UE moves to Idle and is connected again to other SN, the new SN may not need those information.
On the other hand, the motivation to introduce the UE capability report to the requested band combination was to reduce the size of the UE capability information and this would be applicable not only for the Uu but also S1/X2 interfaces. Furthermore, if those additional information which the SN received is to be stored in the CN, the SN has to transfer them to the MN and the MN forwards to the CN together with other UE capability information upon UE’s connection release. Hence, there is a trade-off between the increase of signaling load and its necessity in other SN.
Observation 2: It might be better not to transfer the UE capability information additionally requested by the SN, from the SN to the MN considering the trade-off between the increase of signaling load and its necessity in other SN.
Based on observations above, we would like to propose to discuss the need for transferring the additional UE capability information, which is requested via the direct SRB and specific to the SN-RAT, to the MN.
Proposal 2: RAN2 to discuss whether the SN should transfer the UE capability information additionally requested by the SN via the direct SRB to the MN, and then the MN should forward it to the CN.
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Fig.2: Possible optimization on UE capability information transfer
3. Conclusion

In this contribution we discussed overview of the UE capability transfer and storing the UE capabilities by the core network (EPC or 5GC) and made the proposal as a baseline.
Proposal 1: RAN2 to confirm that the MN sends the CN (EPC/5GC) all the UE capability information received from the UE regardless of the UE capability type in LTE-NR DC. The CN sends it back to the MN when the UE is re-connected.
We further discuss the case that the SN requests some additional UE capability information to the UE via the direct SRB in the SCG with following observations and made one more proposal:

Observation 1: Some of SN-RAT specific UE capabilities which the SN would like to know additionally but does not require the capability coordination could be transferred via the direct SRB.
Observation 2: It might be better not to transfer the UE capability information additionally requested by the SN, from the SN to the MN considering the trade-off between the increase of signaling load and its necessity in other SN.
Proposal 2: RAN2 to discuss whether the SN should transfer the UE capability information additionally requested by the SN via the direct SRB to the MN, and then the MN should forward it to the CN.
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Annex 1 [2]
5.2.2.2.1
UE capability coordination between LTE and NR

For a UE supporting both LTE and NR, the UE reports its capability information for both LTE and NR respectively, which are independent with each other. In other words, a node of one RAT needs not to look at and not to use the capabilities of the other RAT. In case where the secondary node is NR, gNB can format NR RRC PDUs for the UE configuration. Nonetheless, this principle does not preclude that the capabilities of one RAT might contain some information related to the other RAT, e.g. at least inter-RAT measurement capabilities.

In addition, if the UE supports DC between LTE and NR, the following principles are additionally taken into account:

1.
LTE capability changes;

-
include information related to inter-RAT measurements for NR.

-
include support of DC between LTE and NR.

2.
NR capability reporting supports independent capability reporting in accordance with the principle described in this sub-clause.

3.
Capability dependency between LTE and NR.

-
Type I capabilities:
The use of the capability is isolated to the RAT.

-
Type II capabilities:
The use of the capability in one RAT has impacts to the other RAT but is not understood by the NW side of the other RAT.

-
Type III capabilities:
The use of the capability in one RAT has impacts to the other RAT and is understood by the NW side of the other RAT.

For Type I capabilities, no coordination between LTE and NR is required. The secondary RAT specific capabilities are merely forwarded by the master node to the secondary node, following the baseline DC within LTE. Some capabilities (e.g. RF capability) are coordinated using Xx/Xn and involve a reconfiguration of the UE. The configuration of the UE does not exceed its capabilities. Some capabilities (e.g. buffer size) are coordinated using Xx/Xn and will not involve a reconfiguration of the UE. In this case, the ongoing operation of the network does not exceed the UE capabilities.

NOTE 1:
The above type definitions are guidance for the purpose of discussion in the SI and early part of the WI phase. They will not limit further discussion and will not be captured in the specifications.

The UE capability coordination between LTE and NR is applied for all the deployment scenarios described in sub-clause 4.1.2.1, 4.1.2.2 and 4.1.2.3 except for the scenarios of single connectivity. At least, the following UE capabilities need to be coordinated across the master node and the secondary node:

-
Band combinations across RATs;

-
Layer-2 buffer.

For the UE capabilities requiring coordination between LTE and NR, only two nodes (i.e. one eNB and one gNB) need to be involved. Nevertheless, the forward compatibility towards multiple node connectivity can be considered as well. It is up to the master node to decide on how to resolve the dependency between LTE and NR. The secondary node can initiate the re-negotiation of the UE capability. Upon receiving the re-negotiation request from the secondary node, it is up to the master node to make the final decision.

NOTE 2:
The differences between NR capability reporting for the LTE-NR DC (NR is the master) and the single NR connectivity should be minimised when it is designed in the normative phase.

NOTE 3:
A solution should be investigated where the master node and the secondary node are not required to comprehend the UE configuration for each other.

Annex 2 [5] 
–
UE-CapabilityRAT-ContainerList
The IE UE-CapabilityRAT-ContainerList contains list of containers, one for each RAT for which UE capabilities are transferred, if any.

UE-CapabilityRAT-ContainerList information element

-- ASN1START

UE-CapabilityRAT-ContainerList ::=SEQUENCE (SIZE (0..maxRAT-Capabilities)) OF UE-CapabilityRAT-Container

UE-CapabilityRAT-Container ::= SEQUENCE {


rat-Type






RAT-Type,


ueCapabilityRAT-Container


OCTET STRING

}

-- ASN1STOP

	UECapabilityRAT-ContainerList field descriptions

	ueCapabilityRAT-Container

Container for the UE capabilities of the indicated RAT. The encoding is defined in the specification of each RAT:

For E‑UTRA: the encoding of UE capabilities is defined in IE UE-EUTRA-Capability.

For UTRA: the octet string contains the INTER RAT HANDOVER INFO message defined in TS 25.331 [19].
For GERAN CS: the octet string contains the concatenated string of the Mobile Station Classmark 2 and Mobile Station Classmark 3. The first 5 octets correspond to Mobile Station Classmark 2 and the following octets correspond to Mobile Station Classmark 3. The Mobile Station Classmark 2 is formatted as 'TLV' and is coded in the same way as the Mobile Station Classmark 2 information element in TS 24.008 [49]. The first octet is the Mobile station classmark 2 IEI and its value shall be set to 33H. The second octet is the Length of mobile station classmark 2 and its value shall be set to 3. The octet 3 contains the first octet of the value part of the Mobile Station Classmark 2 information element, the octet 4 contains the second octet of the value part of the Mobile Station Classmark 2 information element and so on. For each of these octets, the first/ leftmost/ most significant bit of the octet contains b8 of the corresponding octet of the Mobile Station Classmark 2. The Mobile Station Classmark 3 is formatted as 'V' and is coded in the same way as the value part in the Mobile station classmark 3 information element in TS 24.008 [49]. The sixth octet of this octet string contains octet 1 of the value part of Mobile station classmark 3, the seventh of octet of this octet string contains octet 2 of the value part of Mobile station classmark 3 and so on. Note.

For GERAN PS: the encoding of UE capabilities is formatted as 'V' and is coded in the same way as the value part in the MS Radio Access Capability information element in TS 24.008 [49].

For CDMA2000-1XRTT: the octet string contains the A21 Mobile Subscription Information and the encoding of this is defined in A.S0008 [33]. The A21 Mobile Subscription Information contains the supported CDMA2000 1xRTT band class and band sub-class information.


NOTE:
The value part is specified by means of CSN.1, which encoding results in a bit string, to which final padding may be appended up to the next octet boundary TS 24.008 [49]. The first/ leftmost bit of the CSN.1 bit string is placed in the first/ leftmost/ most significant bit of the first octet. This continues until the last bit of the CSN.1 bit string, which is placed in the last/ rightmost/ least significant bit of the last octet.

