3GPP TSG-RAN WG2 Meeting NR Adhoc 1807	R2-1810796
Montreal, Canada, 2nd - 6th July 2018	


Agenda item:	11.1.2
Source:	Nokia, Nokia Shanghai Bell
Title:	Text Proposal for scheduler and QoS impacts
WID/SID:	FS_NR_IAB - Release 16
Document for:	Discussion and Decision
1	Introduction
TR 38.874 captures the following:
	8.2.4	Scheduler and QoS impacts
The study will assess the impact of different IAB architecture options on scheduling and QoS in both downlink and uplink directions.



The Study Item description contains also the following objective:
	· Topology management for single-hop/multi-hop and redundant connectivity [RAN2, RAN3], e.g.
· Protocol stack and network architecture design (including interfaces between rTRPs) considering operation of multiple relay hops between the anchor node (e.g. connection to core) and UE 
· Control and User plane procedures, including handling of QoS, for supporting forwarding of traffic across one or multiple wireless backhaul links



However, the related requirement for QoS support is currently not captured in TR 38.874. This TP proposes to address the issues mentioned above and is based on the discussion paper in [1].


2	Text Proposal
<<TP start>>
5.2.7	QoS support
Services supported by the networks deployed with IAB nodes will be in general the same as the non-IAB networks. Therefore, IAB based deployments should be able to support various QoS configurations to meet requirements of different services and traffic types, and the level of QoS achieved in IAB deployments should ideally be the same as the one achieved in NR deployments without IAB.
<<Unchanged parts omitted>>
8.2.4	Scheduler and QoS impacts
The study will assess the impact of different IAB architecture options on scheduling and QoS in both downlink and uplink directions.
[bookmark: _Hlk513562410][bookmark: _Hlk517183021]An IAB network must schedule the wireless resources to meet each UE’s service requirement that has attached to the network.  The UE service requirements are independent of where the UE is attached to the network regardless of whether they are attached to the donor IAB node, first hop IAB node, or intermediate IAB node.    
Figure 1 shows a scenario of UEs attached to an IAB network having 3 hops with 12 attached UEs.


[bookmark: _Ref513562348]Figure 1 IAB network with 3 hops and 12 UEs
The IAB backhaul is competing for scheduling resources with the access link on every hop. The DUs have varying scheduling responsibility for local, visible UEs and downstream UEs served by Intermediate/child IAB nodes. 
Table 1 shows the magnitude of scheduling responsibility for each IAB node based on this example.

[bookmark: _Ref513563903][bookmark: _Ref513563680]Table 1 IAB node scheduling responsibility
	DU Scheduler
	Access UEs Served

	
	Access
	Backhaul
	Backhaul

	IAB-donor
	1
	1
	10

	IAB-node (1a)
	1
	 
	 

	IAB-node (1b)
	1
	3
	6

	IAB-node (2a)
	3
	 
	 

	IAB-node (2b)
	2
	4
	 

	IAB-node (3)
	4
	 
	 



[bookmark: _Hlk517183332]NR enables radio aware scheduling for the access link by providing the timely channel quality feedback and the ability to monitor the per UE bearer windowed throughput at the radio scheduling function in the DU. IAB scheduling should also be provided with timely feedback to enable efficient radio aware scheduling. Some examples of feedback may include:
· Number of UEs served by child IAB nodes and their subtending IAB nodes as shown in Table 1
· UE flow windowed throughput to identify the service rate of the access link

Scheduling architectures
Figure 1 illustrates the donor gNB downlink layer 2 structure for the backhaul link with scheduler architecture option 1. In this option, same MAC scheduler is handling logical channels for access UEs (UEm) and logical channels for UEs served by an IAB node (UE1..UEn). The MAC scheduler is handling normal UE specific logical channels (or UE specific RLC queues), instead of IAB node specific aggregated logical channels (or IAB specific aggregated RLC channels). This simplifies the MAC scheduler design. Routing can be implemented together with the scheduler and its role is simply to decide into which MAC PDU/transport channel the UE specific logical channel is multiplexed.
[image: ]
                                 Figure 1: Downlink Layer 2 structure of Donor gNB with scheduler architecture option 1

Figure 2 illustrates the donor gNB downlink layer 2 structure for the backhaul link with scheduler architecture option 2
In this option, a new mapping/multiplexing function is added above RLC which maps/multiplexes UE specific RLC channels into IAB specific RLC channels. This mapping function should be QoS aware and it should be standardised. Furthermore, the MAC scheduler is now handling both UE specific logical channels (for access UEs served by the node) and IAB specific logical channels. Therefore, new scheduler design is needed.
[image: ]
           Figure 2: Downlink Layer 2 structure of Donor gNB with scheduler architecture option 2

The Layer 2 structure of IAB node with scheduler architecture option 1 is shown in Figure 3 below. 
In this option, the received MAC PDU is demultiplexed in the IAB node UE part into UE specific RLC PDUs and the MAC scheduler in the IAB node DU part forwards these RLC PDUs. There is no need for reassembly of segmented RLC SDUs before forwarding them but RLC entity may re-segment some RLC SDUs if needed for the next hop. Thus, the IAB node processing is minimized in this scheduler architecture option.



                        Figure 3: Downlink Layer 2 structure of IAB node with scheduler architecture option 1

The Layer 2 structure of IAB node with scheduler architecture option 2 is shown in Figure 4 below. 
In this option, when a MAC PDU is received by the UE part of the IAB node, it is demultiplexed into IAB specific RLC PDUs. If the RLC PDU contains a segment of RLC SDU, it must be buffered to wait the other segments since the RLC SDU has to be reassembled before it can be delivered to a new routing and mapping layer above the RLC. The routing and mapping layer demultiplexes RLC SDUs into UE specific buffers. IAB node DU part processes the UE specific buffers/PDUs and maps them to next hop IAB specific RLC channels. 


                    Figure 4: Downlink Layer 2 structure of IAB node with scheduler architecture option 2

Summary:
Table 2: Comparison of Scheduler architecture option 1 and 2
	
	Scheduler Architecture Option 1
	Scheduler Architecture Option 2

	Scheduling
	Normal access UE based MAC scheduling in Donor DU and IAB nodes
	New scheduling: split between bearer mapping above RLC and scheduling in MAC

	Mapping of UE bearers to IAB bearers
	No mapping
	New functionality in Donor DU and in IAB node

	UE visibility in intermediate nodes
	Full visibility, scheduler handles UE logical channels
	At adapt layer for routing, UE bearer remapping as part of scheduling, MAC scheduler handles IAB logical channels

	UP overhead
	UE id
	UE id, IAB node id, DRB id

	QoS handling
	Full QoS handling in each node by normal QoS aware MAC scheduler
	UE bearer remapping at adaptation layer not possible without UE context in intermediate nodes

	Packet forwarding
	Immediately without RLC SDU reassembly
	Only after RLC SDU reassembly

	RLC pre-processing in IAB node UE part
	Yes
	Not possible due to two-part scheduling






a) Scheduling for above MAC adaptation layer                                    b) scheduler for above RLC adaptation layer
 
 ,,
<<TP end>>
[bookmark: _GoBack]
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