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Introduction
A new SID on Integrated Access and Backhual for NR was approved in RAN plenary #78. Detailed objectives of the study item which are led by RAN1 working group are [1]: 
Detailed objectives of the study item are:
· ……
· Dynamic resource allocation between the backhaul and access links [RAN1, RAN2], e.g., 
· Mechanisms to efficiently multiplex access and backhaul links (for both DL and UL directions) in time, frequency, or space under a per-link half-duplex constraint across one or multiple backhaul link hops for both TDD and FDD operation 
· Cross-link interference (CLI) measurement, coordination and mitigation between rTRPs and UEs
· High spectral efficiency while also supporting reliable transmission [RAN1]
· Identification of physical layer solutions or enhancements to support wireless backhaul links with high spectral efficiency
· Note: support of these functionalities should consider existing mechanisms for access links as a starting point

This topic had been discussed in RAN2 working group firstly in RAN2 AH #1801 and the following agreements were achieved [2]:

Agreements
1: 	The Rel.15 study item focuses on IAB with physically fixed relays. Optimization for mobile relays in future releases is not precluded
2	Common architecture supports both in-band and out-of-band IAB scenarios. 
2i	In-band IAB scenarios including (TDM/FDM/SDM) of access and backhaul links subject to half-duplex constraint at the IAB node are supported (This agreement does not exclude full duplex from being studied by RAN1)
2ii	Out-of-band IAB scenarios are also supported using the same set of RAN features designed for in-band scenarios.  Study whether additional RAN features are needed for out-of-band scenarios
3	NR access over NR backhaul is studied with highest priority 
3i	Identify the additional architecture solutions required for LTE access over NR backhaul
3ii	The IAB design shall at least support the following UEs to connect to a node which is backhauled using IAB:
	1/	Rel. 15 NR UE
	2/	Legacy LTE UE if IAB supports backhauling of LTE access
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.

Agreements
1: IAB design shall support multiple backhaul hops
	-	The architecture should not impose limits on the number of backhaul hops.
	-	The study should consider scalability to hop-count an important KPI.
	-	Single hop is considered a special case of multiple backhaul hops.
2: Topology adaptation for physically fixed relays is supported to enable robust operation, e.g., mitigate blockage and load variation on backhaul links
3: L2 and L3 relay architectures will be studied. Definitions of L2- and L3-relaying in the context of IAB is FFS
4: The IAB design should minimize the impact to core network specifications
5: The study should consider the impact to the core network signalling load as an important KPI
6: Strive to maximize reuse of Rel-15 NR specifications for the design of the backhaul link. Enhancement can also be considered.

In this contribution, we discuss the resource allocation scheme between access link and backhaul link. 
Discussion
Relay in LTE system
The relay technique was studied and specified in Rel-10. The main motivation of relay is to extend the coverage. A typical relay structure is shown in figure 1. 


Figure 1 illustration of relay structure
A relay node is wireless connected to an eNB, which is called donor eNB. There are in total three kinds of links in relay system:
· Backhaul link: the link between donor eNB and relay node;
· Access link: the link between relay node and UE
· Direct link: the link between donor eNB and UE

Because of half-duplex limitation of relay node, it cannot transmit and receive at the same time in the same band. TDM resource multiplexing between access link and backhaul link is preferred. In LTE system, to backward compatible with legacy LTE terminals, CRS should be transmitted every subframe. Only the subframes which are configured as MBSFN subframe in access link can be used by backhaul link. Furthermore, only the symbols within the MBSFN subframe which does not used for CRS transmission in access link can be used by backhaul link. One illustration of the resource allocation between access link and backhaul link in LTE is shown in figure 2.
[image: ]
Figure 2 TDM resource multiplexing between access link and backhaul link in LTE
Relay in NR system
According to the RAN2 agreement, NR access over NR backhaul is studied with highest priority. In NR system, there is no limitation of CRS transmission on every subframe. All of the reference signal can be configured for transmission combined with its corresponding data packet. Generally, any slot in the access link can be configured as reserved for backhaul transmission. Furthermore, the slot format of NR system is more flexible. The transmission direction, DL, UL or flexible, per symbol per slot can be explicitly configured, such as by semi-static UL/DL assignment or SFI, or implicitly configured, such as by dynamic DCI or UE-specific RRC signaling. If a symbol is configured as flexible and not overriden by other signaling, it can be seen as reserved symbol and not used for transmission. Therefore, there are two levels for resource multiplexing between access link and backhaul link, which is shown in figure 3.


Figure 3 Resource multiplexing between access link and backhaul link
· Slot level: a specific slot is configure by RN as reserved slot which will not be used by access link. This slot can be used by backhaul link. All of the symbols in this subframe is set as flexible by both semi-static UL/DL assignment and SFI, and not overridden by other signals, such as UE-specific scheduling signaling.
· Symbol level: Some symbols of a slot can be set as reserved by RN and not used by access link. These symbols will be used by backhaul link. 
Proposal 1: Both slot level and symbol level resource multiplexing between access link and backhaul link can be considered in NR relay system.
In NR system, the transmission resource for all kinds of signaling can be configured, such as the resource for SSB, RMSI, OSI, paging, RACH, CORESET, etc. Considering the resource multiplexing between access link and backhaul link, the resource configured for these kinds of signaling in access link should not conflict with the resource reserved for backhaul link.
Proposal 2: The resource configured for the signaling in the access link, such as SSB, RMSI, OSI, paging, RACH, CORESET, etc, should not conflict with the resource reserved for backhaul link.
For slot level resource multiplexing between access link and backhaul link, existing slot format defined in [3] can be used to determine the slot format per slot for both access link and backhaul link. While for symbol level resource multiplexing, the slot format in access link can reuse existing slot format table in [3], among which some symbols of a subframe can be set as flexible to be used by backhaul link. In backhaul link, only part of the symbols of a slot can be used, existing slot format cannot be applied directly. New slot format should be defined for backhaul link in case of symbol level resource multiplexing between access link and backhaul link.
Proposal 3: Slot format for backhaul link should be defined in case of symbol level resource multiplexing between access link and backhaul link.
There are two options to indicate the slot format for backhaul link:
· Option 1: new slot format table defined for backhaul link. Each entry of the table defines a slot format with N symbols, N<14. 
· Option 2: Reuse existing slot format table and only part of the symbols per entry is used to define the slot format of backhaul link. 
One disadvantage of option 1 is that the number of available symbols per slot is flexible and these symbols have different combination of DL/UL/Flexible states. That will make it complicated to define the slot format table. Therefore, we slightly prefer option 2 to reuse existing slot format table.
Proposal 4: Reuse existing slot format table to define slot format for backhaul link for symbol level resource multiplexing between access link and backhaul link.
Conclusions
In this contribution, the resource multiplexing between access link and backhaul link was discussed. The following proposals summarize the discussion and our views.
Proposal 1: Both slot level and symbol level resource multiplexing between access link and backhaul link can be considered in NR relay system.
Proposal 2: The resource configured for the signaling, such as SSB, RMSI, OSI, paging, RACH, CORESET, etc, should not conflict with the resource reserved for backhaul link.
Proposal 3: Slot format for backhaul link should be defined in case of symbol level resource multiplexing between access link and backhaul link.
Proposal 4: Reuse existing slot format table to define slot format for backhaul link in case of symbol level resource multiplexing between access link and backhaul link.
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