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1
Introduction
Last RAN3 meeting agreed to consider IAB Operation in SA-mode and NSA-mode. This contribution provides a further analysis on the impact to RAN and CN. 
2
Discussion

Three scenarios were agreed in last meeting. 
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Figure 1. Examples for operation in SA and NSA mode
In the sections below, we elaborate the characteristics of each option and their pros and cons.
2.1
UE and IAB-node operate in SA with NGC
In this case, the IAB does not need be in LTE coverage. The IAB can be deployed as coverage enhancement to LTE, or overlay to LTE coverage for capacity enhancement. NGC need to support the IAB security, e.g. authentication/authorization. In some architecture options, Donor has a UPF. Some enhancement is needed in order to select the UPF collocated in the Donor. Also, as described, dedicated slice may be used for IAB. But this may be transparent to RAN, and it may be just a configuration issue (i.e. dedicated NSSAI for IAB). The NR air interface may need some enhancements to perform the configuration for the IAB, e.g. the RNConfiguration in LTE Relay to configure the resource partitioning. This needs to be studied in RAN2. 
Option a has following impacts:

· Impact to LTE RAN:

· N/A
· Impact to EPC:
· N/A
· Impact to NR RAN:
· Configure NR IAB over NR air interface.
· Impact to NGC:
· Support authentication/authorization the IAB node, and key generation in the IAB node
(SA3)
· For some architecture options with UPF in the Donor, enhancement is needed in order to select the UPF collocated in the Donor. (This may also require some support from NG-RAN, e.g. provide the information of the local UPF to NGC)
2.2
UE operates in NSA with EPC while IAB-node operates in SA with NGC
In this case, the IAB node does not need to be in LTE coverage. The NR coverage is extended using IAB backhauling over the NR radio link. For the access UE, the LTE/NR dual connectivity is a normal EN-DC connection where LTE is the MCG and NR as the SCG will be configured with normal RRC signalling over the LTE link. 

The UE part of the IAB node is NR only and there shall be NGC to support the SA connections over the BH hops. No LTE UE functionality is needed in the IAB nodes. The required NR RAN functionality and 5GC functionality is similar to Option a). EN-DC UE user data is routed via X2 or via S1-U to gNB. 
The IAB-Donor, or the IAB nodes may use Unified Access Control to only allow the IAB node connect to it, while prevent an access UE to connect to it. The access UE can only connect to the IAB-Donor or IAB node in DC or MC, and use the IAB-Donor or IAB as SN. 
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Option b has following impacts:

· Impact to LTE RAN:

· N/A
· Impact to EPC:
· N/A
· Impact to NR RAN:

· Configure NR IAB over NR air interface.

·  access control mechanism to only allow IAB-MT connects to IAB-Donor and intermediate IAB nodes. An Access UE can only connect to the IAB-Donor or the IAB node in DC or MC, and use the IAB-Donor or the IAB node as a SN. 
· Impact to NGC:
· Support authentication/authorization the IAB node, and key generation in the IAB node
(SA3)

· For some architecture options with UPF in the Donor, enhancement is needed in order to select the UPF collocated in the Donor. (This may also require some support from NG-RAN, e.g. provide the information of the local UPF to NGC)

2.3
UE and IAB-node operate in NSA with EPC
In this case, there is an overlay LTE coverage and only the NR coverage is extended by deploying IAB nodes. Both the access UE and IAB-MT use EN-DC connection. NGC is not needed as EPC is assumed to take care of the (normal) EN-DC connections of each link. There may be a L-GW via which X2 and S1-U are transferred to the secondary (NR) node over the BH link, collocated with the donor gNB. 
This option may require more changes to LTE air interface, RAN and EPC. The eNB needs to know whether the UE is a normal UE, or a IAB-MT, in order to apply the related configuration. It may not be possible to reuse the LTE RNReconfiguration procedure, since the eNB need to consider the NR during the reconfiguration.  
It may require further analysis on how to support the IAB security in LTE system. Even the LTE already support the security for LTE RN, but it is unclear whether it can be reused. This issue needs to be further studied in SA3. 
Option c has following impacts:

· Impact to LTE RAN:

· Need to differentiate an IAB-MT from an access UE
· Need to support reconfiguring IAB-MT 
· Impact to EPC:
· Support authentication/authorization the IAB node, and key generation in the IAB node
(SA3)

· For some architecture options with UPF in the Donor, enhancement is needed in order to select the L-GW collocated in the Donor. 

· Impact to NR RAN:
· N/A
· Impact to NGC:

· N/A
2.4
Summary of the evaluation of the options
In Table 1 below, some points are listed about the characteristics of each discussed options for NSA deployment. In all cases EN-DC is supported on the access link.
	Option
	Impact to LTE RAN
	Impact to EPC
	Impact to NR RAN
	Impact to NGC

	a
	N/A
	N/A
	Configure NR IAB
	Authentication/authorization the IAB node;
Select Local UPF

	b
	N/A
	N/A
	Configure NR IAB 
Access control mechanism to only allow IAB-MT connects to IAB-Donor and IAB node
	Authentication/authorization the IAB node;

Select Local UPF

	c
	Differentiate IAB-MT from access UE
Reconfigure IAB-MT
	Authentication/authorization the IAB node;

Select Local GW
	N/A
	N/A


Table 1 – Summary of relaying options for NSA deployment
In a summary,
·  Option a and Option b has many commonalities. This enables a unified solution to support both Option a and Option b.
· Option c is quite different to Option a and b. Option c requires to upgrade the already deployed LTE system. The IAB-MT requires additional implementation efforts and the IAB node will become a specific node deviating from the normal gNB implementation. For example, the LTE (UE) radio will be something on top of normal gNB HW and SW and potentially different RF requirements will apply for such UEs resulting in additional standardization effort. The additional specification efforts (and also impact on IAB implementation) of supporting this option can be fairly large. Therefore, it would be good to evaluate how the additional efforts compare to the options where NGC is available. One should also note that the operators will not be required to deploy full scale NGC for IAB as there are only (relatively) small number of connected (IAB) nodes to be served. On the other hand, same NGC can be obviously reused for both IAB and SA access UEs.
The proposed TP including the above analysis can be found in the end of this contribution. 

Proposal 1: Capture the proposed TP in the TR. 
Proposal 2: Suggest the IAB Study Item should focus on Option a and Option b as described above.

3
Conclusions
In this contribution we have elaborated IAB Operation in SA-mode and NSA-mode. Following options were analysed:

Proposal 1: Capture the proposed TP in the TR. 
Proposal 2: Suggest the IAB Study Item should focus on Option a and Option b as described above.
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6.1.2
Operation in SA-mode and NSA-mode
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Figure 6.1.2-1: Examples for operation in SA and NSA mode. a) UE and IAB-node operate in SA with NGC, b) UE operates in NSA with EPC while IAB-node operates in SA with NGC, c) UE and IAB-node operate in NSA with EPC.
The IAB node can operate in SA- or in NSA mode. When operating in NSA, the IAB-node only uses the NR link for backhauling. 
The UE connecting to an IAB-node may choose a different operation mode than the IAB-node. The UE may further connect to a different type of core network than the IAB-node it is connected to. In this case, (e)Decor or slicing can be used for CN selection.

IAB-nodes operating in NSA-mode may be connected to the same or to different eNBs. UEs that also operate in NSA-node may connect to the same or to a different eNB than the IAB-node they are connected to.

Figure 6.1.2-1 shows examples for SA-mode with NGC and NSA-mode with EPC.
Option a “UE and IAB-node operate in SA with NGC” has following impacts:
· Impact to LTE RAN:

· N/A

· Impact to EPC:
· N/A
· Impact to NR RAN:

· Configure NR IAB over NR air interface.

· Impact to NGC:

· Support authentication/authorization the IAB node, and key generation in the IAB node
(SA3)

· For some architecture options with UPF in the Donor, enhancement is needed in order to select the UPF collocated in the Donor. (This may also require some support from NG-RAN, e.g. provide the information of the local UPF to NGC)

Option b has following impacts:

· Impact to LTE RAN:

· N/A

· Impact to EPC:
· N/A
· Impact to NR RAN:

· Configure NR IAB over NR air interface.

·  Access control mechanism to only allow IAB-MT connects to IAB-Donor and IAB node. An Access UE can only connect to the IAB-Donor or the IAB node in DC or MC, and use the IAB-Donor and the IAB node as a SN. 
· Impact to NGC:
· Support authentication/authorization the IAB node, and key generation in the IAB node
(SA3)

· For some architecture options with UPF in the Donor, enhancement is needed in order to select the UPF collocated in the Donor. (This may also require some support from NG-RAN, e.g. provide the information of the local UPF to NGC)

Option c has following impacts:

· Impact to LTE RAN:

· Need to differentiate an IAB-MT from an access UE

· Need to support reconfiguring IAB-MT 

· Impact to EPC:
· Support authentication/authorization the IAB node, and key generation in the IAB node
(SA3)

· For some architecture options with UPF in the Donor, enhancement is needed in order to select the L-GW collocated in the Donor. 

· Impact to NR RAN:
· N/A

· Impact to NGC:

· N/A
In a summary,

·  Option a and Option b has many commonalities. This enables a unified solution to support both Option a and Option b.
· Option c is quite different to Option a and b. Option c requires to upgrade the already deployed LTE system. The IAB-MT requires additional implementation efforts and the IAB node will become a specific node deviating from the normal gNB implementation. For example, the LTE (UE) radio will be something on top of normal gNB HW and SW and potentially different RF requirements will apply for such UEs resulting in additional standardization effort. The additional specification efforts (and also impact on IAB implementation) of supporting this option can be fairly large. Therefore, it would be good to evaluate how the additional efforts compare to the options where NGC is available. One should also note that the operators will not be required to deploy full scale NGC for IAB as there are only (relatively) small number of connected (IAB) nodes to be served. On the other hand, same NGC can be obviously reused for both IAB and SA access UEs.

The study will investigate the impact NSA-mode operation of IAB-nodes has on LTE RAN and EPC.

For IAB SA-mode, the study will identify the mandatory set of NR RAN and NGC functions required to support IAB.
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