3GPP TSG-RAN WG3 Meeting #95bis
R3-171137
Spokane, WA, USA 3rd – 7th April 2017

Agenda Item:
10.1.3
Source:
Ericsson
Title:
NG RAN Node Definition and Node Identification
Document for:
Discussions & Approval

1
Introduction

This document discusses the definition and identification of NG RAN Nodes
2
Discussion
2.1
Derivation of NG RAN node identifiers from NG RAN cell identifiers
E-UTRAN logical node identifications, eNB IDs, have been derived from the E-UTRA Cell IDs served by an eNB ID. For macro eNBs, the eNB ID was, up to Rel-14, defined as the 20 MSBs of any of the E-UTRA Cell IDs served by that eNB.

Rel-14 introduced a short (18 bits) and a long (21 bits) eNB identification.

Observation 1 In E-UTRAN the eNB Identification is derived from the E-UTRA cell identifications it serves, i.e. the MSBs of the E-UTRA Cell ID are interpreted as the eNB ID.
Such an approach has the advantage of being independent from any (centralised) accessory node to convert a cell identity into a node identity when performing ANR and TNL address discovery or active mode mobility without any inter-RAN node interface being established. It is assumed that NG RAN nodes will follow the same principles, i.e. NG RAN node identities will be derived either from an E-UTRA or NR cell identification.
Proposal 1 NG RAN node identities will be derived from an E-UTRA or NR cell identification, i.e. the NG RAN node identities will be constituted from a certain number of MSBs of the cell identities.
The size of a NR cell identifier is not yet determined, but it is assumed, given the expected cell size of an NR cell in certain band deployments, that the necessity of a larger cell identity numbering space is given. It is also not expected that the NR cells and the E-UTRA cells will (or can) share the same numbering space. 
Observation 2 It is expected that the NR cell identity numbering space needs to be separated from the E-UTRA cell identity numbering space and could be larger than the one of the E-UTRA cell identity.

Given the divers deployment scenarios in 5G it is expected that the number of cells an NG RAN node may serve will vary greatly. Concepts like flexible NG RAN node identifiers are expected to be part of 5G work as well to avoid shortage of available cell identifiers due to “waste” of unused cell IDs in RAN nodes serving only a few cells. For 4G, derivation of the flexible eNB identification from the cell id was left for implementation, we expect a standardised solution for NG RAN. A solution based on System Information Broadcast seems to be most obvious, e.g. broadcasting additional information to assist the derivation of the NG Node Identification from the cell ID. One example of such an approach is to spend e.g. 2 or 3bits of additional information in system broadcast to indicate the Node identification, those additional bits may represent an enumeration of different node identification length variants. Such an approach should be also possible to be added for E-UTRA as well. The interpretation of the additional bits doesn’t need to be standardised, it can be left for configuration. What would need to be standardised is the range within which flexibility is allowed. 
Proposal 2 Discuss whether and how NG RAN may support flexible length node identifications. It shall be investigated (with RAN2) whether additional information can be part of system broadcast.

2.2
Definition of a NG RAN node
In E-UTRAN a logical node, i.e. the eNB, was defined to be X2-connected to other eNBs and S1 connected to the EPC:

In NG RAN, a logical node is defined to be Xn connected to other NG RAN logical nodes and NG-C/U connected to the 5G CN.
Discussions during the NR Study have still differentiated between NG RAN logical nodes hosting only E-UTRA cells (LTE eNBs) and nodes hosting only NR cells (gNBs).

We suggest to no longer keep such distinction and define an NG RAN logical node by its connectivity capability only.

Proposal 3 It is proposed to define an NG RAN logical node as an architectural element that is able to connect via NG-C/U to the 5G CN and via Xn to another NG RAN logical node, independent from the kind of cells it hosts.

Consequently, an NG RAN logical, defined as in the proposal above, is able to host either E-UTRA or NR cells, or both. There wouldn’t be the need to distinguish an NG RAN logical node along the RATs supported, neither in the overall architectural definitions, nor in the NG-C and Xn-C protocol function specification for functions applicable for both RATs.
2.3
Identification of a NG RAN logical node in various NG-C and Xn-C protocol functions
NG-C Setup

If a NG RAN logical node is able to host E-UTRA cells or NR cells and the node identification is derived from the cell identities the node hosts, the most straight forward approach would be that the NG RAN logical node would provide a two-parts identity to the NG CN, one derived from the E-UTRA cells it hosts, one from the NR cells it hosts.
An Identity definition would look like as follows:

Global-NG-RAN-Node-Identity ::= SEQUENCE {


plmn-id

PLMN,


e-UTRA-node-id
E-UTRA-Node-ID
OPTIONAL,


nr-node-id

NR-Node-ID

OPTIONAL,

}

E-UTRA-Node-ID
::= BIT STRING (18..21)  -- FFS, example values
NR-Node-ID

::= BIT STRING (18..24)  -- FFS, example values

Xn-C Setup

The NG RAN node identification would look like the same for the Xn-C Setup procedure.
TNL Address Discovery

As (one of) the reason(s) for setting up an Xn-C Setup and requesting the TNL Address from a neighbouring node is the discovery of a potential handover candidate cell, served by a yet unknown/not connected NG RAN node, either an E-UTRA cell derived node identity or an NR cell derived node identity is provided in the respective NG-C signalling message. As both kinds of NG RAN node identities have been announced at NG-C Setup, the CN node is able to resolve any of the two identities and relay the request to the proper NG RAN node.

In case flexible NG RAN node identification is introduced in 5G, the proper interpretation of the Node ID derived from the cell ID would be indicated by additional system broadcast information. 
Handover via the CN

Similar to the TNL Address Discovery, the target node identification would need to represent an identifier derived from the handover target cell identifier, which is either an E-UTRA cell or NR cell derived identifier.
For both, the handover target node identity and the TNL Address Discovery, the (target) node identification is structured as follows:

Target-Global-NG-RAN-Node-Identity ::= SEQUENCE {


plmn-id

PLMN,


target-NG-RAN-NodeId
Target-NG-RAN-NodeId,

}

Target-NG-RAN-Node-Id ::= CHOICE {


e-UTRA-node-id
E-UTRA-Node-ID,


nr-node-id

NR-Node-ID,

}

Inactive Mobility

For inactive mobility, in LTE, a Resume Identity has been defined to identify the context in the RAN node that has allocated the Resume Identity. The Resume Identity consists of a part that represents the RAN node identification and another part that identifies the UE context in that node.

Flexible RAN node identification would require to include the additional broadcast information in the Resume ID to assist in the determination of the RAN Node Id. This is probably challenging in legacy E-UTRAN implementations with restricted content of Msg3.

Implementing NG RAN node identifications derived from NR cells would also impact E-UTRA RRC if the NR cell derived NG RAN node ID is significantly longer than the E-UTRA cell derived one. In case of inter-RAT inactive mobility, the significantly longer Resume ID would need to fit into the restricted E-UTRA RRC message length of Msg3. 

This is, btw also the case if for NR cells it is intended to support a much larger number of inactive UEs, which are able to perform inter-RAT intra-(5G-) system mobility, as the resulting long Resume ID allocated in a NR cell would have difficulties to fit into the E-UTRA RRC Msg3.

Observation 3 Inter-RAT inactive mobility has to cope with limited size of msg3 which probably will not be able to overcome in 5G. The size of the Resume ID is therefore limited in NG RAN for both Resume IDs allocated in both, NR and E-UTRA cells.

Proposal 4 Agree, from a RAN3 point of view, to keep the 40bit limitation of the Resume ID. With this limitation, it is expected that not the whole Node ID will be able to be contained in the Resume ID. 
Consequently the whole system (including the CN) would need to be able to cope with such truncated Node IDs and configuration needs to ensure uniqueness of the truncated Node IDs in a certain area.
One possibility would be to standardise a fixed split between the NG RAN Node Identification the UE Context Identification. One bit would need to be spent in addition to identify whether the Resume ID was allocated in NR or E-UTRA. Whether this additional “RAT” bit can still fit in msg3 (outside the Resume ID) needs to be seen. Such a fixed split may, due to the possibility of having larger Node IDs configured, in Node IDs contained in the Resume ID that no longer are uniquely identifiable within a PLMN.
Proposal 5 Agree on a standardised, fixed split between NG RAN Node and UE Context identification within the Resume ID, which may result in a NG RAN Node ID part that is only locally interpretable, e.g. in the AMF pool the NG RAN Node is connected to.

3
Conclusion
We have discussed the identification of NG RAN Nodes and observed the following:
Observation 1
In E-UTRAN the eNB Identification is derived from the E-UTRA cell identifications it serves, i.e. the MSBs of the E-UTRA Cell ID are interpreted as the eNB ID.
Observation 2
It is expected that the NR cell identity numbering space needs to be separated from the E-UTRA cell identity numbering space and could be larger than the one of the E-UTRA cell identity.
Observation 3
Inter-RAT inactive mobility has to cope with limited size of msg3 which probably will not be able to overcome in 5G. The size of the Resume ID is therefore limited in NG RAN for both Resume IDs allocated in both, NR and E-UTRA cells.


We propose the following:
Proposal 1
NG RAN node identities will be derived from an E-UTRA or NR cell identification, i.e. the NG RAN node identities will be constituted from a certain number of MSBs of the cell identities.
Proposal 2
Discuss whether and how NG RAN may support flexible length node identifications. It shall be investigated (with RAN2) whether additional information can be part of system broadcast.
Proposal 3
It is proposed to define an NG RAN logical node as an architectural element that is able to connect via NG-C/U to the 5G CN and via Xn to another NG RAN logical node, independent from the kind of cells it hosts.
Proposal 4
Agree, from a RAN3 point of view, to keep the 40bit limitation of the Resume ID. With this limitation, it is expected that not the whole Node ID will be able to be contained in the Resume ID.  Consequently the whole system (including the CN) would need to be able to cope with such truncated Node IDs and configuration needs to ensure uniqueness of the truncated Node IDs in a certain area.
Proposal 5
Agree on a standardised, fixed split between NG RAN Node and UE Context identification within the Resume ID, which may result in a NG RAN Node ID part that is only locally interpretable, e.g. in the AMF pool the NG RAN Node is connected to.


4
References
[1]
3GPP TR 38.801 "Study on New Radio Access Technology; Radio Access Architecture and Interfaces"
�I guess this is the main tricky area to solve. If NR has longer Cell ID => Longer Node ID => But still want to have more UE context => then the NR-Resume ID needs to be longer. But since a UE at any time could pop up in LTE and will only be able to identify itself with 40 bits, NR will also be limited to 40 bits.





Additional issues is that we need to cut (half of) the LTE Resume IDs just to indicate that UE got the ID in NR.





Possible work around solution could include:


 Put the rest of the bits in MSG3.5 (still means we loose some LTE IDs)


 Accept that NR identiy is trunked when going to LTE and is no longer unique (not sure how that would work)


 Define a new MSG3 in case UE comes from NR. Will mean we at least keep the LTE bits.
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