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1 Introduction

RAN#71 in March approved a 5G SID [1]. An important initial aspect of this SID is for RAN2 to study/agree on the radio protocol architecture. In this contribution we want to make a start with this discussion. We will assume that there are two main deployments which 5G will have to support: 

A) 5G-standalone deployment

· UE is provided service by only using the 5G RAT (i.e. no “access support” from other RAT’s). 

B) 4G+5G aggregation

· Deployment where 4G is providing at least the Pcell (typically on lower carrier frequency), and in addition one or more 5G Scells can be configured (typically on higher carrier frequencies). 

Section 2 will look at the radio protocol architecture for the stand-alone deployment, and section 3 will look at the radio protocol architecture for the 4G+5G aggregation case. 
It should be noted that this contribution does not consider aspects like fronthauling or RAN VNF’s. As such the proposals should be considered as baseline and further changes might later need to be considered due to these or other aspects. A text proposal for the RAN2 TR is included in Annex C.

2 5G Standalone deployment
As for any new RAT type, the primary deployment for 5G will be the stand-alone deployment. The 5G stand-alone deployment will be connected to the new 5G CN. For this deployment we would like to propose to use the same overall protocol architecture as used for LTE. The LTE radio protocol architecture has proven to be able to realise relatively high performance communication and demonstrated flexibility w.r.t. extendibility. The resulting overall protocol architecture is shown in figure 1.
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Figure 1: 5G stand-alone radio protocol architecture overview

Note that we have a separate contribution on the detailed radio protocol layers for the User Plane in [2].
Proposal 1:  
Radio protocol architecture for 5G stand-alone deployments is the same as the LTE radio protocol architecture for 4G stand-alone deployments (see figure1). 
Note that this does not mean that the individual protocol layers are re-used/identical . I.e. this will be dependent on further discussion. 

3 4G + 5G Aggregation

If we look at LTE aggregation approaches, solutions where the RAN is performing the aggregation, we already have the following options
:
1) LTE Carrier Aggregation

2) LTE Dual Connectivity 

3) LTE-WLAN aggregation (LWA)

In Annex B we look at these Rel-13 radio protocol architectures in more detail and also examine the potential suitability of these options for 4G + 5G aggregation when connected to the existing EPC (S1). Based on this analysis we conclude that an approach resembling LTE Dual-Connectivity looks most promising.

Proposal 2:  
Radio protocol architecture for a 4G+5G aggregation deployment connected to the existing EPC (S1) is based on 4G Dual-Connectivity, but modifications can be considered.

4G Dual-Connectivity has two “weaknesses” which we would like to address:

A. Requirement for MeNB and SeNB to understand each other’s UE RRC configuration
B. 4G MeNB is responsible for configuration of measurements/cell management related to SCG cells
A) Requirement for MeNB and SeNB to understand each other’s UE RRC configuration

In 4G DC, both the MeNB and SeNB have to understand the RRC configuration sent to the UE by the other eNB. E.g.:

· 
MeNB provides the SeNB with current MCG configuration in radioResourceConfigDedMCG-r12 as part of the SCG-ConfigInfo to the SeNB so that the SeNB can take this into account e.g. w.r.t. UE capability conflicts/ASN.1 configuration restrictions. 
· MeNB receives the SCG-ConfigPartSCG-r12 from the SeNB as part of the SCG-Config, which the MeNB has to encode in the RRC message to the UE. Although this forwarding could be “almost transparent”, it is not transparent w.r.t. critical extensions and removal of padding bits.
Since 4G and 5G will be quite independent technologies which can evolve independently, it seems logical not to require both eNB’s to understand all details of each others configuration. If there are things the peer eNB’s should know w.r.t. the AS configuration of the other eNB, this should be exchanged not as part of the UE signalling but as part of separate AS (RRC) coordination signalling between the eNB’s. Note that this approach is already used also on X2 e.g. when the MeNB provide the SeNB cells to add in a separate IE SCellToAddModListSCG-r12  as part of SCG-ConfigInfo or when configuring TB size restrictions with SCG-ConfigRestrictInfo-r12 as part of SCG-ConfigInfo.
Proposal 3:  
MeNB and SeNB do not need to understand each other’s UE RRC configuration. AS coordination between MeNB and SeNB is handled by clearly separated AS (RRC) signalling between the two nodes. 
Proposal 4:  
UE related 5G RRC signalling is fully transparently passed by MeNB between UE and SeNB. 
B) 4G MeNB is responsible for configuration of measurements/cell management related to SCG cells 

A second “weakness” is that the 4G MeNB has to support 5G measurements and is responsible for 5G cell management.  If we use this approach in 4G + 5G aggregation, it will mean that the 4G MeNB needs to be able to control 5G measurements and even be aware of 5G cell deployments if it wants to configure 5G cells blindly/optimally. We think RAN2 should consider to  remove this tight coupling in order to not have both eNB’s to be aware of detailed deployment configurations of the other technology and allow both technology deployments to evolve independently. 
Proposal 5:  
RAN2 is requested to discuss to have the 5G SeNB configuring 5G related cell measurements, receiving 5G measurement reports and responsible for 5G cell management (i.e. 5G cell addition/release). 
The resulting architecture is shown in figure 2:
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Figure 2: 4G + 5G aggregation radio protocol architecture overview

4 Conclusion

Based on the above, RAN2 is requested to discuss and if possible agree on the following proposals:

Proposal 1:  
Radio protocol architecture for 5G stand-alone deployments is the same as the LTE radio protocol architecture for 4G stand-alone deployments (see figure1). 
Proposal 2:  
Radio protocol architecture for a 4G+5G aggregation deployment connected to the existing EPC (S1) is based on 4G Dual-Connectivity, but modifications can be considered.

Proposal 3:  
4G MeNB and 5G SeNB do not need to understand each other’s UE RRC configuration. AS coordination between MeNB and SeNB is handled by clearly separated AS (RRC) signalling between the two nodes. 
Proposal 4:  
UE related 5G RRC signalling is fully transparently passed by MeNB between UE and SeNB. 
Proposal 5:  
RAN2 is requested to discuss to have the 5G SeNB configuring 5G related cell measurements/5G measurement reports and deciding on 5G cell addition/release. 
A text proposal to capture these proposals in the TR is included in Annex C.
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Annex B: Rel-13 Radio Protocol Architectures
B.1. Carrier aggregation (CA)

Figure B.1 shows an overview of the radio protocol architecture for carrier aggregation.
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Figure B.1: Carrier aggregation radio protocol architecture overview

Note that on the UE side, the control of the UP entities by the 4G-RRC Control Plane entity is shown by dashed lines for illustrative purposes.

Table B.1 lists some benefits and drawbacks for the CA approach if used for 4G+5G aggregation:

	Strengths
	Weaknesses

	· Tight integration in CP & UP protocols for the different cells (e.g. 1 MAC entity; 1 CP entity)

· Allows operation with only 1 UL
	· Tight synchronisation requirements between 4G and 5G cells

· Less modular approach (all functionality “lumped” together)

· More difficult to split functionality over different nodes in a network implementation

· If we want to work with 1 UL, requires support of UL control signalling of one technology over the other technology

· Since 5G MAC is assumed to be a new MAC, anyway CA (which works with one MAC entity) cannot be completely re-used


Table B.1: CA Strengths/Weaknesses

B.2. Dual Connectivity (DC)

Figure B.2 shows an overview of the radio protocol architecture for dual connectivity.
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Figure B.2: Dual-Connectivity radio protocol architecture overview

Already here the picture is a bit more complex. Several points can be noted:

1)  The “4G-RRCscg” entity in the SeNB is an entity making RRC signalling (i.e. scg-ConfigPartSCG). This signalling  is passed by the SeNB to the MeNB in a transparent OCTET STRING in the X2 application protocol. MeNB passes this signalling to the UE. Note that the forwarding of the signalling to the UE between SeNB and UE it is not completely transparent (e.g. not in an OCTET STRING), i.e. it is encoded by the MeNB as part of the RRC signalling to the UE. 

2) There is no RRC signalling from the SeNB directly to the UE (no line between 4G-RRCscg and 4G-PDCP in SeNB).

3) On the UE side there is only one RRC protocol. I.e. the SCG related signalling is part of this one RRC protocol. As shown in figure 2, it might well be that in an RRC implementation, these SCG related IE’s are handled by a separate part of the protocol implementation which is controlling the SCG UP/L1. 

Table B.2 lists some benefits and drawbacks for the DC approach if used for 4G+5G aggregation:

	Strengths
	Weaknesses

	· More modular approach, e.g. at network side separate MAC’s for 4G and 5G, 2 schedulers, (almost) independent RRC control in 5G SeNB/4G MeNB
	· Less tight scheduling coordination between 4G and 5G cells

· Requires UL in both 4G MCG and 5G SCG

· 4G MeNB has to be aware of 5G cell/measurements


Table B.2: CA Strengths/Weaknesses
B.3. LTE-WLAN aggregation (LWA)

Figure B.3 shows an overview of the radio protocol architecture for LWA.
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Figure B.3: LWA radio protocol architecture overview

Compared to DC, the following points can be noted:

1) Detailed control of the WLAN configuration is handled locally in WLAN, i.e. between 802.CP entity in WT and UE. In this sense there are two Control-Plane protocols running in parallel: 4G-RRC between eNB and UE, and 802.11 CP between WT and UE.

2) 4G-RRC does have involvement in controlling the WLAN configuration, e.g. for controlling the WLAN mobility set. Thus in a UE implementation, as shown in figure 3, there will some part of the 4G-RRC control plane implementation “talking” to the 802.11CP entity.

Table B.3 lists some benefits and drawbacks for the LWA approach if used for 4G+5G aggregation:

	Strengths
	Weaknesses

	· Very separated control of 4G and 5G, i.e. no/very limited 5G lower layer configuration parameters signalled via 4G.
	· No reservation of resources before access in 5G (e.g. no contention-free access possibility)

· All control information to be obtained in 5G cell (e.g. system information)

· Difficulty to synchronise actions in 4G and 5G exactly at the same time (e.g. cell addition in LTE with at the same time cell removal in 5G).


Table B.3: LWA Strengths/Weaknesses
Annex C: Text proposal for TR
5.2 .
 Radio interface protocol architecture 

In the following subsections we describe the deployment scenarios supported by 5G and the overall radio protocol architectures for these deployments. 
5.2.1.
 5G Stand-alone
In this deployment an operator only needs to deploy the 5G RAN in order to provide service to the UE, i.e. no other RAT needs to be present in the same area. Figure 5.2.1. shows the radio protocol architecture overview for this deployment:
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Figure 5.2.1: 5G stand-alone radio protocol architecture overview
Editors note: UP radio protocol layers FFS.

5.2.2.
 4G+5G Dual-connectivity
In this deployment the operator deploys 4G/LTE for providing Pcell/MCG cells (typically using a lower carrier frequency), and 5G for proving the SCG cells (typically using a higher carrier frequency). 

The radio protocol architecture for 4G+5G aggregation is based on the Rel-12 LTE dual-connectivity radio protocol architecture with some modifications.  Figure 5.2.2. shows the radio protocol architecture for this deployment:
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Figure 5.2.2: 4G+5G aggregation radio protocol architecture overview
Main characteristics:

· 5G SeNB prepares 5G RRC signaling to configure the SCG. This signaling is transparently forwarded by the MeNB to the UE;
· 5G SeNB is responsible for configuring UE 5G measurements, receiving UE 5G measurement reports and management of 5G SCG cells (TBC);
· 4G MeNB and 5G SeNB do not have to understand each other’s UE RRC configuration. Access Stratum (AS) coordination between 4G MeNB and 5G SeNB is based on separate AS coordination signaling.
Editors note 1: 5G UP radio protocol layers FFS.
Editors note 2: FFS whether 4G RRC signalling should also be able to transported via SCG

Editors note 3: Impacts of fronthauling so far not shown (FFS)
� Rel-13 LWIP does not allow aggregation (i.e. only switching). Rel-13 RCLWI does not support UP aggregation in RAN.
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