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1
Introduction
RAN2 AH#1/2018 made following agreement on IAB support for SA/NSA deployment.
4i
SA and NSA on the access link will be supported (For NSA on the access the relay is applied to the NR SCG path only)

4ii
Both NSA and SA for the backhaul links will be studied. (For both SA and NSA backhaul, we will not study backhaul traffic over the LTE radio interface). 

4iii
For both 4i and 4ii the priority within the NSA options will be to consider the EN-DC case but this does not preclude study for other NSA options.

4iv Further study of the possible combinations of SA and NSA access and backhaul is needed to fully determine the scope of what will be studied.

Furthermore, RAN3#99 discussed the dual connectivity options and concluded following:

For IAB nodes, the following options are studied:
· Case 1 - Connection in Networks without NGC: The IAB nodes connects as a UE to EPC using EN-DC.
 
· Note: It has already been agreed in RAN2 NR AdHoc 1801 that there is no backhauling over LTE

· Case 2 – Connection in Networks with NGC: IAB nodes connect as a UE to NGC using NR
· Note: This can also be used when access UEs support option 3/3X
According to the agreements, legacy UEs shall be supported regardless of the backhaul solution. This applies to both SA and NSA UEs. The IAB SI shall consider both options SA and NSA for the backhaul link and elaborate the different deployment scenarios how the two options can be used. The primary case for the NSA operation is EN-DC, i.e. where LTE will be the master node and NR a secondary node connected to EPC.
This contribution discusses relevant options for the NSA deployments and impacts on the radio interfaces, RAN architecture and CN.
2
Discussion

To support EN-DC with IAB backhauling, there are following deployment options that can be considered:
a) SA for BH, LTE Umbrella Coverage for MCG

b) SA for BH, LTE MCG transported by NR Relay

c) EN-DC NSA for BH, LTE Umbrella Coverage for MCG

d) EN-DC NSA for BH, LTE MCG transported by NR Relay
In the sections below, we elaborate the characteristics of each option and their pros and cons.
2.1
SA for BH with LTE umbrella coverage

In this case we assume sufficient LTE coverage for the IAB node (and access UEs) while 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. Fig.1 shows the scenario where the BH link for the extended NR coverage is SA only.
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Figure 1. EN-DC with SA backhauling

The UE part of the relay 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 relay nodes. EN-DC UE user data is routed via X2 or via S1-U to gNB. The solid red line shows the data path over the NR BH hops when L2 relaying is used. With Connectivity Service the donor gNB and the gNBs in the IAB nodes are behind NGC (UPF), data path shown with dashed red line. In some architecture options, the Donor has a collocated UPF. For simplicity reason, the figure does not show this UPF and the related interface (e.g. N4). 
Observation 1: Option a) has the following advantages: 

· IAB nodes need not be in LTE coverage
· IAB nodes can operate on a single band resulting in simplified implementation

· IAB nodes contain simpler UEs (SA-only) which are the same for deployment scenarios that are SA and NSA (EN-DC) on the access link.
Observation 2: Option a) has the following disadvantages:

· A small/micro NGC is needed for IAB node embedded UEs.

· Access UEs must be under Umbrella LTE coverage without aid from IAB
2.2
SA for BH, LTE MCG transported by NR relay

Here the assumption is that also the LTE coverage needs to be extended and the BH for the LTE eNB is over the NR BH link. LTE S1 is transported via NR relay. As in the case a), there will be NGC for the BH and UPF through which the S1 to master eNB will be transported. No LTE UE is needed in the relay node. Fig.2 illustrates the case b) scenario.
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Figure 2 SA BH for both LTE and NR to serve EN-DC UEs

The S1 interface to the eNB at the IAB node #2 (being the master node) is relayed over the IAB nodes, show as green line. The SCG UP data is similarly going over the relay hops (red line). In some architecture options, the Donor has a collocated UPF. For simplicity reason, the figure does not show this UPF and the related interface (e.g. N4).
Observation 3: Option b) has the following advantages: 

· IAB Nodes do not need to be in existing LTE Coverage

· IAB nodes can provide MCG LTE coverage to NSA access UEs 
· IAB nodes contain simpler UEs (SA-only) which are the same for deployment scenarios that are SA and NSA (EN-DC) on the access link.

· IAB nodes can operate on a single band resulting in simplified implementation

Observation 4: Option b) has the disadvantage that a small/micro NGC is needed for IAB node embedded UEs.

2.3
EN-DC NSA for BH with LTE umbrella coverage

In case the BH link is also EN-DC connection, there will be an NSA UE in the IAB node to establish the BH connection. In this case c) there is an overlay LTE coverage and only the NR coverage is extended by deploying relay nodes. NGC is not needed as EPC can 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. 
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Figure 3 EN-DC BH connection with LTE umbrella coverage

Observation 5: Option c) has the following advantages: 

· The NGC is not used
Observation 6: Option c) has the following disadvantages:
· IAB nodes must be in LTE Coverage
· Access UEs must be under Umbrella LTE coverage without aid from IAB
· Separate IAB products are needed for SA and NSA Access deployments as SA Access will require IABs with embedded SA UEs.

· The Donor/gNB has a collocated L-GW with S5 interface to EPC, which is different to the NSA case (i.e. UPF with N4)

· Changes to EPC are likely due to the need to support NSA IAB UEs
2.4
EN-DC NSA, LTE MCG transported by NR relay

In this case LTE coverage needs to be extended and S1 for the eNBs is relayed over the NR BH link. In the scenario illustrated in Fig.4 the first IAB node is within the LTE coverage whereas the second hop in the relaying chain extends also the LTE coverage for the UE. LTE S1 is transported via the NR BH to the eNB in the following IAB site. The eNB then serves for the extended LTE cell and acts as the master node to the following IAB node (with EN-DC connection) or an access UE. The SCG UP data is similarly transported over the BH link(s).
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Figure 4 EN-DC BH connection relaying both LTE and NR

Observation 7: Option d) has the following advantages: 

· Access UEs need not be in umbrella LTE Coverage

· The NGC is not used
Observation 8: Option d) has the following disadvantages:
· IAB nodes must be in LTE coverage
· Separate IAB products are needed for SA and NSA Access deployments as SA Access will require IABs with embedded SA UEs.

· The Donor/gNB has a collocated L-GW with S5 interface to EPC, which is different to the NSA case (i.e. UPF with N4)
· Changes to EPC are likely due to the need to support NSA IAB UEs
2.5
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
	Backhaul
	Characteristics
	Connectivity service
	L2 relaying

	a
	SA with LTE umbrella
	Leverages SA BH
Requires NGC
	Can transport any PDU
	 Good for multi-hop

	b
	SA with LTE relayed
	Leverages SA BH

Requires NGC
	Can transport any PDU
	LTE transported by connectivity service, L2 relying for intermediate hops

	c
	EN-DC with LTE umbrella
	No NGC required

All IAB nodes within the LTE umbrella coverage
	Reuse mechanism to setup LTE relay connections in Donor
	Good for multi-hop with NR access.
No NGC has less impact

	d
	EN-DC with LTE relayed
	No NGC required
	Reuse mechanism to setup LTE relay connections in Donor
	LTE transported by connectivity service, L2 relying for intermediate hops
No NGC has less impact  


Table 1 – Summary of relaying options for NSA deployment
In addition to above, the NSA support by the IAB UE results in 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.
In general, with having NSA UE being used in IAB node and not having NGC, 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.
3
Conclusions
In this contribution we have elaborated IAB relaying alternatives for NSA deployment with either SA or NSA capable UE part of the IAB node with or without need for NGC, respectively. Following options were analysed:

a) SA for BH, LTE Umbrella Coverage for MCG

b) SA for BH, LTE MCG transported by NR Relay

c) EN-DC NSA for BH, LTE Umbrella Coverage for MCG

d) EN-DC NSA for BH, LTE MCG transported by NR Relay
With regards to these options, following observations were made:
Observation 1: Option a) has the following advantages: 

· IAB nodes need not be in LTE coverage
· IAB nodes can operate on a single band resulting in simplified implementation

· IAB nodes contain simpler UEs (SA-only) which are the same for deployment scenarios that are SA and NSA (EN-DC) on the access link.

Observation 2: Option a) has the following disadvantages:

· A small/micro NGC is needed for IAB node embedded UEs.
· Access UEs must be under Umbrella LTE coverage without aid from IAB
Observation 3: Option b) has the following advantages: 

· IAB Nodes do not need to be in existing LTE Coverage

· IAB nodes can provide MCG LTE coverage to NSA access UEs 
· IAB nodes contain simpler UEs (SA-only) which are the same for deployment scenarios that are SA and NSA (EN-DC) on the access link.

· IAB nodes can operate on a single band resulting in simplified implementation

Observation 4: Option b) has the disadvantage that a small/micro NGC is needed for IAB node embedded UEs.

Observation 5: Option c) has the following advantages: 

· The NGC is not used

Observation 6: Option c) has the following disadvantages:

· IAB nodes must be in LTE Coverage

· Access UEs must be under Umbrella LTE coverage without aid from IAB
· Separate IAB products are needed for SA and NSA Access deployments as SA Access will require IABs with embedded SA UEs.
· The Donor/gNB has a collocated L-GW with S5 interface to EPC, which is different to the NSA case (i.e. UPF with N4)
· Changes to EPC are likely due to the need to support NSA IAB UEs
Observation 7: Option d) has the following advantages: 

· Access UEs need not be in umbrella LTE Coverage

· The NGC is not used
Observation 8: Option d) has the following disadvantages:

· IAB nodes must be in LTE coverage

· Separate IAB products are needed for SA and NSA Access deployments as SA Access will require IABs with embedded SA UEs.

· The Donor/gNB has a collocated L-GW with S5 interface to EPC, which is different to the NSA case (i.e. UPF with N4)
· Changes to EPC are likely due to the need to support NSA IAB UEs
Also, a general observation can be made that in order to support IAB nodes working in NSA mode, additional standardization effort is required while NSA UEs could be supported using the IAB architecture based on SA IAB nodes as well. The latter is anyway required for the support of NR SA UEs.
Observation 9: Specification of IAB nodes operating in NSA mode requires additional specification and implementation effort while support of NSA UEs can be also achieved in IAB nodes operating in SA mode, which is anyway required to support NR SA UEs. IAB nodes operating in NSA mode also require different Donor than SA mode, i.e. Donor with L-GW/S5 vs. Donor with UPF/N4.
As the conclusion from the above we propose:

Proposal 1: Capture the observations of this paper in the TR. 
Proposal 2: In order to support UEs operating in EN-DC mode IAB Study Item should focus on “SA for BH, LTE MCG transported by NR relay” option as described above.
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