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1 Introduction

In RAN2#95, the following agreements were made regarding the UE capability signalling:

-
From a RAN2 perspective, we aim to have an independent capability information for NR and LTE (meaning that node of one RAT does not need to look at the capabilities of the other RAT). Does not preclude that capabilities of one RAT might contain some information related to the other RAT (e.g. at least measurement capabilities).
Then, in RAN2#95bis the following was agreed regarding UE capability signalling:

2:
 We should aim to minimum the differences between the NR capability reporting across the LTE/NR tight interworking cases (NR gNB as a master node) and the standalone NR gNB case.

3
 At least some band combinations across RATs should be coordinated across the master and the secondary nodes.

4
Layer 2 buffer capabilities should be coordinated across the RATs should be coordinated across the master and the secondary nodes.

5
RAN2 aim for a solution where the master node and secondary node are not required to comprehend each others UE configuration.

And

Agreements:

1: Agree the following principle: the master node and the secondary node only need to use own RAT UE capabilities (which will include some other RAT capabilities relating to the interworking). At least for the initial configuration of interworking case these are provided on the master node RAT or from core network

In this paper we discuss UE capability signalling for tight interworking. 

2 Discussion
2.1 Capability coordination in LTE DC
The procedure for SeNB addition in LTE DC is shown in Figure 1 [1]. UE capability coordination in LTE DC is based on MeNB providing SeNB with the complete set of UE capabilities and the MCG configuration in SCG-ConfigInfo in the SeNB Addition Request message, which initiates the procedure. From the MCG configuration and UE capabilities, the SeNB can derive an SCG configuration that combined with the MCG configuration complies with the UE capabilities. The SeNB then forwards the SCG configuration in SCG-Config in the SeNB Addition Request Acknowledge message back to the MeNB. Based on this the MeNB can verify valid UE configuration and possibly update the MCG configuration. Finally, the MeNB includes both MCG and SCG configurations in the RRCConnectionReconfiguration message, which is then forwarded to the UE. 

[image: image1.emf]UE MeNB SeNB

SeNB Addition Request (carry 

SCG-ConfigInfo)

SeNB Addition Request Acknowledge 

(carry SCG-Config)

RRCConnectionReconfiguration

RRCConnectionReconfigurationComplete

SeNB Reconfiguration Complete


Figure 1: SeNB addition procedure in LTE DC
2.2 Capability coordination for LTE-NR tight interworking

In LTE, the UE provides its full capabilities according to network requestupon which the network configures the UE in line with those capabilities. As explained and proposed in [2], we think this principle should be followed also in NR. It does involve a considerable amount of time to discuss and design the capability signaling, but we consider it inevitable to ensure UE and network interoperability, support UEs and networks with different feature sets and to enable device testing. We consider these characteristics as key contributors for the success of 3GPP systems and should hence also be applicable to NR.
We think that for the same reasons, this principle should also be applied to the case of LTE-NR interworking. Thus, we make the following proposal:

Proposal 1 The main principle that UE signals its full capability upon which network configures the UE should be maintained also for LTE-NR tight interworking.
2.3 UE capability signalling

RAN2 has agreed that UE capability reporting should be kept independent between the RATs. This means that master and secondary nodes only need to use UE capabilities of the own RAT, which will include some other RAT capabilities relating to the interworking, e.g. IRAT measurement capabilities. Furthermore, it has been agreed to minimize the differences between the NR capability reporting across the LTE/NR tight interworking cases, i.e. when NR or LTE acts as master. 
It seems straightforward that one way to fulfil these requirements is to follow the same principle of RAT capability containers as is currently used in LTE, see capability structure below. In LTE, the message UECapabilityInformation contains the Information Element UE-CapabilityRAT-ContainerList, including the capabilities for each RAT is included in separate containers, see ASN.1 structure below.  

-- 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

The encoding of each container in the list is defined in the specification of each RAT. For example, the LTE capabilities are defined in IE UE-EUTRA-Capability of 36.331, whereas the UTRAN capabilities are defined in the INTER RAT HANDOVER INFO message defined in TS 25.331.
Thus, we make the following proposals:
Proposal 2 UE capability reporting for LTE-NR tight interworking follows the same principle of IRAT capability reporting in LTE, i.e. LTE and NR capabilities are signalled as separate containers in a capability container list.
2.4 UE capability coordination

So far RAN2 has agreed that UE capabilities requiring coordination include band combinations across LTE and NR and L2 buffer size. An LS has been sent to RAN1 and RAN4 to get input on further capabilities requiring coordination [7]. Until this input is received, discussions in RAN2 can continue on different signalling approaches, based on the current knowledge.
2.4.1 Layer 2 buffer size
If we assume that the layer 2 buffer size can be freely allocated to either LTE or NR (to be confirmed from RAN1/4), the network nodes need to ensure the UE is scheduled in such a way that the total layer 2 buffer is not exceeded. The UE should then advertise its total Layer 2 buffer size (expressed in number of bytes) to both RATs in the RAT specific capability containers, see section 2.4. Thus each RAT has the knowledge of the total number of bytes supported for the layer 2 buffer that is supported for single connectivity. When configuring NR+LTE tight interworking for a UE, some information exchange on the share is needed between the master and the secondary node, but the share is not needed to be signalled to the UE. 
2.4.2 Band combination
Due to limitations in UE RF design, the UE needs to be able to indicate to the network which LTE band combinations that can be configured together with which NR band combinations. Following the agreement that the master node and the secondary node only need to use own RAT UE capabilities, it would be good if some abstract coordination method could be designed, such that an LTE node does not need to understand the NR band combinations and vice versa. 
In the following sub sections, two options for abstract capability signalling are discussed. Both options benefit from introduction of indexing, so that band combinations in 36.101 can be referred to by single index. During Rel-13 work, an LS was sent from RAN2 to RAN4 to request feasibility of this [4], but there has so far not been any response. In order to support such abstract based coordination of band combination capabilities, it would be good to re-initiate this discussion with RAN4. If the RAN4 band combination table can be designed in a smart way, the indexing solution may be feasible. This could also trigger RAN4 to think of how to specify the LTE-NR DC combinations from 36.101 point of view. 
Proposal 3 RAN2 to consider resubmitting the Rel-13 LS to RAN4 about indexing of band combinations.

2.4.2.1 Option A: LTE-NR DC combinations in separate capability container
In RAN2#96, abstract coordination was discussed based on a contribution from Qualcomm [6], proposing a matrix based approach, where LTE and NR band combinations are listed and compatible combinations marked with an x. From the contribution, it was a bit unclear exactly what the rows and columns of the matrix would represent. One approach could be indexing approach discussed during Rel-13 and mentioned above, where each row/column would represent a band combination listed in the tables of 36.101 and the NR specification respectively, see table below.
Table 1: Matrix representation of supported LTE/NR band combinations

	
	NR DC band combination index

	
	1
	2
	3
	4
	5
	6

	E-UTRA DC band combination index
	1
	x
	x
	
	
	x
	X

	
	2
	
	x
	
	x
	x
	X

	
	3
	
	
	x
	x
	
	X

	
	4
	
	
	x
	
	x
	X

	
	5
	
	
	
	
	x
	

	
	6
	
	
	
	
	
	X


The matrix could the signalled as a separate container of the IRAT container list, see section 2.4. As it would need to be read by both the LTE and the NR side, the matrix would need to be included in both LTE and NR specifications. Possible ASN.1 aspects of the encoding of such a matrix are left FFSs. Also how to indicate supported MIMO and CA configurations for each BC also needs to be solved.
2.4.2.2 Option B: LTE-NR DC combinations in RAT-specific capability containers
Assuming the index based representation of band combinations is applied in both LTE and NR specifications, a similar approach as was selected to indicate LTE DC support could also be envisioned. In the LTE capability information specified in LTE spec, the UE would indicate for each supported E-UTRA DC band combination, the index(es) of the supported NR DC band combination(s) that can be simultaneously configured for each LTE band combination. And vice versa for the NR specification. 
Table: E-UTRA and NR band combination example
	E-UTRA DC Band
	E-UTRA Band

(Table 5.5)
	NR DC Band

	DC_1-3
	1, 3
	NR 1, 2, 5, 6

	DC_1-5
	1, 5
	NR 2, 4, 5, 6

	DC_1-7
	1, 7
	NR 3, 4, 6

	DC_1-8
	1, 8
	NR 3, 5, 6

	DC_1-19
	1, 19
	NR 5

	DC_1-21
	1, 21
	NR 6

	….
	
	


2.4.2.3 Comparison

Both options enable abstract based coordination, where LTE and NR nodes are not required to understand the details of band combinations of the other RAT. Instead, the exchange of the band combination index selected by one RAT is sufficient to select a compatible band combination for the other RAT. Both options assume that the LTE-NR combinations can be constructed from the LTE DC band combinations and NR band combinations, which needs to be confirmed from RAN4.
In terms of signalling overhead, there may be differences in the two schemes. Exact comparison would require a detailed comparison of ASN.1 encoding of the two approaches. Also, better understanding of the number and nature of band combinations for NR is also needed. In broad terms, it is expected that the signalling overhead will depend on the number of supported band combinations. Thus, it seems too early for a down selection among these two approaches, and our proposal is that both approaches are kept in discussion. 
Important to note is also that the two options represent a simplistic view considering only band combination coordination. In addition, e.g. MIMO and other capabilities are also signalled per band combination, which will complicate the structures further. One approach that could help here would be to discuss a reduction of the UE capability structure, to reduce the number of capabilities repeated per band combination, as proposed in [2].
Proposal 4 Both matrix based and LTE DC based signalling is considered for abstract based signalling of band combination support across LTE and NR. 
2.5 Signalling procedure
In this section, the procedure for UE capability signalling is discussed. Here deployment option 3, with LTE as master and NR as secondary node is used as example, see Figure 1. The procedure starts with LTE+NR capability information signalled from UE to network via LTE RRC. Having received the capability information, the LTE eNB decides the MCG configuration and sends a “SeNB addition request” message (exact naming of the X2 AP messages and procedures in Figures 1 and 2 is FFS, RAN3 topic) to the NR eNB, including the MCG configuration and necessary UE capability information for the NR eNB to select the NR SCG configuration. Based on this information the NR eNB selects the SCG configuration, ensuring the LTE+NR capabilities are not exceeded. It then sends the SCG configuration back to the LTE eNB, contained in an NR RRC PDU, as agreed in RAN2#95bis. The LTE eNB finally sends the LTE RRC connection reconfiguration message to the UE, including the NR RRC PDU, containing the SCG configuration.
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Figure 1: Signalling during UE capability coordination 
3 Conclusion

Based on the discussion in section 2 we propose the following:

Proposal 1
The main principle that UE signals its full capability upon which network configures the UE should be maintained also for LTE-NR tight interworking.
Proposal 2
UE capability reporting for LTE-NR tight interworking follows the same principle of IRAT capability reporting in LTE, i.e. LTE and NR capabilities are signalled as separate containers in a capability container list.
Proposal 3
RAN2 to consider resubmitting the Rel-13 LS to RAN4 about indexing of band combinations.
Proposal 4
Both matrix based and LTE DC based signalling is considered for abstract based signalling of band combination support across LTE and NR.
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