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1 Introduction

In previous RAN3 meetings, the basic procedure of BH RLC channel management has been discussed, both stage 2 and stage 3 impact were captured in corresponding specifications. In fact, there are still some detailed remaining issues, such as the maximum number of BH RLC channels, how to determine the QoS parameter for each BH RLC channel, etc.

In this contribution, we are going to provide some detailed analysis about these remaining issues about BH RLC channel management. 

2 Discussion
2.1 Range of BH RLC channel ID

RAN3 introduced the BH RLC channel ID in F1AP specification, to identify each BH RLC channel in the F1AP message send from the IAB-donor-CU to the parent DU of a BH link. However, the range of BH RLC channel ID is still FFS. In fact, each BH RLC channel is one to one mapped to a logical channel. Thus, the number of BH RLC channel relies on the number of LCID allows to be used for serving BH RLC channel. 

In RAN2 # 107bis meeting, the extension of LCID is discussed and the following agreements were achieved[1]:

· Whether the extended LCID is used is indicated in the MAC header 

· A reserved LCID value (in the legacy field) is used to indicate the extended LCID extension. 

· We assume 16-bit LCID for the extension for IAB, and add 2 bytes to the MAC header (no additional reserved bits or values)

· For Rel-16 we don’t expect to extend LCG (or make any other changes for fine-grained QoS for UL scheduling)

From the above agreements, we see that the LCID is extended with 2 additional bytes to support IAB. As shown in what have been captured in the endorsed running CR of TS38.321 [2], there will be (216-65)-64+1=65408 extra extended logical channels in BH link in addition to 32 logical channels identified by traditional LCID. And we see no technical reason to forbid the BH RLC channel reuse the legacy LCID. Thus, the number of LCIDs can be used by BH RLC channel is 32+ 65408=65440, and the length of BH RLC channel ID should be 16bits. The corresponding TP is provided in appendix.

Proposal 1 The length of BH RLC channel ID is 16bits, and the maximum number of BH RLC channel is 65440.
2.2 QoS enforcement of BH RLC channel
In order to support the QoS requirements of a UE bearer or a QoS flow (such as latency, reliability, and priority as defined in TS 23.501[1]), the number of hops that the UE bearer or the QoS flow traverses, or the number of UE bearers mapped to a backhaul RLC channel should be taken into account. A question is which node should take the responsibility to enforce the QoS and fairness, i.e., IAB donor CU, IAB donor DU or IAB node.

In legacy CU-DU RAN architecture, when setting up a UE bearer, the CU should indicate the QoS requirements of UE bearers to the serving DU and the DU should establishes an RLC bearer for each UE bearer according to the QoS requirements. To support multiple hops in the IAB network, this same procedure can be generally reused. When configuring routing for the UE bearer, the IAB donor CU should have sufficient information about how many hops would this UE bearer traverse, as well as which IAB donor DU and IAB nodes are on the path. Therefore, in order to establish the RLC channel for a UE bearer at the access IAB node, the CU can also indicate a set of QoS requirements to the IAB-DU. However, considering the number of hops along the path for this UE bearer, the QoS requirements indicated to the access IAB node may not need to be exactly the end-to-end QoS requirement of the UE bearer, but be modified QoS requirement derived by the CU according to some logic (e.g. number of hops traversed by the UE bearer, etc.)

Taking the delay requirement as an example. Assume that the latency in NG interface and the wired F1 interface is about 20ms, in order to support a UE bearer PDB of 120ms, the rest delay budget for the radio links is 100ms. However the total 100ms must be shared by multiple radio links between UE and the IAB donor DU. The IAB donor CU may indicate to the access IAB node (see IAB node 3 in Figure 2) to establish an RLC channel with 20ms delay budget requirement in the access link, and indicate to the IAB donor DU and other IAB nodes along the path to establish BH RLC channels for backhaul links, such that the combined delay budget of these BH RLC channels and the access RLC channel, along the path of this UE bearer is 100ms. This example in illustrated in Figure.2.

[image: image1.wmf]BH RLC channel

BH RLC channel

BH RLC channel

Access RLC channel

Donor 

DU

IAB 

node

1

IAB 

node

2

IAB node

3 

UE

30 

ms PDB

20 

ms PDB

30 

ms PDB

20 

ms PDB

UE 

bearer 

3

UE 

bearer 

2

UE 

bearer 

1


Figure 2 Support of QoS over multiple hops

Since N to 1 bearer mapping is supported in BH links of IAB network, those same BH RLC channels can also be used to support other UE bearers which may be have different QoS requirements, different numbers of hops and different paths, as long as the end-to-end requirement can be met. The configuration of the path for a UE bearer and the configuration of the QoS requirement to be supported by the backhaul/access RLC channels are totally under the control of the IAB donor CU. From IAB donor DU and IAB nodes’ perspective, all the UE bearers encapsulated in a BH RLC channel can be treated in the same manner as long as the QoS requirement for this RLC channel can be met. The IAB donor DU and IAB nodes don’t even need to know the number of hops for a specific UE bearer mapped to a BH RLC channel, nor the number of UE bearers to be mapped in a same BH RLC channel.

Note that RAN3 has agree the TP for BH RLC channel management [2], where “BH RLC CH QoS Parameters” is agreed to be used to configure BH RLC channel QoS parameters by donor CU.

Observation 1 The number of hops for a UE bearer and the number of UE bearers within a BH RLC channel can be agnostic to the IAB donor DU and IAB nodes, and DUs in the IAB networks only need to schedule packets based on the QoS requirement indicated by the donor CU, similar to existing CU/DU RAN Architecture.

Proposal 2 It is up to the IAB donor CU to configure the QoS requirement to be supported by each BH RLC channel and make sure that the end-to-end QoS requirement for a UE bearer can be supported by the BH/Access RLC channels along the path of this UE bearer.

This mechanism requires the donor CU to instruct a parent DU to establish a BH RLC channel with a specific QoS requirement, such as latency, reliability and so on. There may be a concern that the scheduler may not be able to schedule in a fair manner across BH RLC channels (or BH links) and access RLC channels (or access link), since different BH RLC channels may be serving different numbers of UE bearers. It should be noted that different BH RLC channels should be configured with different maximum guaranteed bit rate values if they are serving GBR flows requiring different bit rates, and the scheduler can schedule different logical channels regardless of BH or access according to their configured guaranteed bit rates and other parameters (e.g. maximum bit rate). In the end, how to enforce fairness would totally fall within the responsibility of donor CU. The only problem could be that the value range (e.g. for the bit rate) may need to be extended, as now a BH RLC channel may need to support a much higher bit rate than a normal access RLC channel specified in Rel-15. 
Proposal 3 The value range of the QoS parameters defined in TS 23.501 may need to be extended to support the BH RLC channel in IAB network, this should up to SA2.
RAN3 has agreed to use F1AP signaling relates to UE context management for BH RLC channel management, and as agreed in [3], the DRB/flow level QoS parameters IE defined in TS 38.473 can be reused for the BH RLC channels. Based on the above analysis, the IAB node and IAB donor DU does not need to know the E2E QoS parameters of a UE DRB, thus the QoS parameter for BH RLC channel just indicates the one hop QoS. And it can be leave to CU implementation to determine the value of each QoS parameter for BH RLC channel according to bearer mapping rules. Consequently, some QoS parameters need special definition for BH RLC channel. For example, the packet delay budget (PDB) defined in E-UTRAN QoS is “The Packet Delay Budget (PDB) defines an upper bound for the time that a packet may be delayed between the UE and the PCEF.” according to the definition shown in [4], and for 5G QoS, it is “The Packet Delay Budget (PDB) defines an upper bound for the time that a packet may be delayed between the UE and the UPF that terminates the N6 interface.”[5]. Thus we need clarification to indicate that the PDB for BH RLC channel defines the upper bound for the time that a packet may be delayed between an IAB node and its parent node in BH link. RAN3 can add some clarification in TS38.473 to make it more clear, the corresponding TP is shown in the Annex.
Proposal 4 BH RLC channel reuses existing IE format defined for DRB/QoS flow level QoS parameter, how to determine the value of each parameter can leave to CU implementation based on routing and bearer mapping decision.
Proposal 5 Add clarification for special definition of per hop QoS parameters, if used for BH RLC channel.
3 Conclusion
This paper mainly discusses the issue regarding QoS management and configuration of IAB Node and we propose:
Observation 2 The number of hops for a UE bearer and the number of UE bearers within a BH RLC channel can be agnostic to the IAB donor DU and IAB nodes, and DUs in the IAB networks only need to schedule packets based on the QoS requirement indicated by the donor CU, similar to existing CU/DU RAN Architecture.

Proposal 6 The length of BH RLC channel ID is 16bits, and the maximum number of BH RLC channel is 65440.
Proposal 7 It is up to the IAB donor CU to configure the QoS requirement to be supported by each BH RLC channel and make sure that the end-to-end QoS requirement for a UE bearer can be supported by the BH/Access RLC channels along the path of this UE bearer.

Proposal 8 The value range of the QoS parameters defined in TS 23.501 may need to be extended to support the BH RLC channel in IAB network, this should up to SA2.
Proposal 9 BH RLC channel reuses existing IE format defined for DRB/QoS flow level QoS parameter, how to determine the value of each parameter can leave to CU implementation based on routing and bearer mapping decision.
Proposal 10 Add clarification for special definition of per hop QoS parameters, if used for BH RLC channel.
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Annex: TP for NR_IAB BL CR for TS38.473
9.3
Information Element Definitions

9.3.1
Radio Network Layer Related IEs

>>>>>>>>>>>>>>> Unchanged parts are skipped<<<<<<<<<<<<<<<<

-------------------------------------------Change 1-------------------------------------------
9.3.1.19
E-UTRAN QoS

This IE defines the QoS to be applied to a DRB or to a BH RLC channel for EN-DC case.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	QCI
	M
	
	INTEGER (0..255)
	QoS Class Identifier defined in TS 23.401 [10].

Logical range and coding specified in TS 23.203 [11].
For a BH RLC channel, the Packet Delay Budget included in QCI defines the upper bound upper bound for the time that a packet may be delayed between an IAB node and its parent node in BH link.

	Allocation and Retention Priority
	M 
	
	9.3.1.20
	

	GBR QoS Information
	O
	
	9.3.1.21
	This IE applies to GBR bearers only and shall be ignored otherwise.


-------------------------------------------Change 2-------------------------------------------
9.3.1.47
Dynamic 5QI Descriptor

This IE indicates the QoS Characteristics for a Non-standardised or not pre-configured 5QI for downlink and uplink.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	QoS Priority Level
	M
	
	INTEGER (1..127)
	For details see TS 23.501 [21].

	Packet Delay Budget
	M
	
	9.3.1.51
	For details see TS 23.501 [21]. For a BH RLC channel, the Packet Delay Budget defines the upper bound upper bound for the time that a packet may be delayed between an IAB node and its parent node in BH link.

	Packet Error Rate
	M
	
	9.3.1.52
	For details see TS 23.501 [21].

	5QI
	O
	
	INTEGER (0..255,...)
	This IE contains the dynamically assigned 5QI as specified in TS 23.501 [21].

	Delay Critical
	C-ifGBRflow
	
	ENUMERATED (delay critical, non-delay critical)
	For details see TS 23.501 [21].

	Averaging Window
	C-ifGBRflow 
	
	9.3.1.53
	For details see TS 23.501 [21].

	Maximum Data Burst Volume
	O
	
	9.3.1.54
	For details see TS 23.501 [21]. This IE shall be included if the Delay Critical IE is set to “delay critical” and shall be ignored otherwise.


	Condition
	Explanation

	ifGBRflow
	This IE shall be present if the GBR QoS Flow Information IE is present in the QoS Flow Level QoS Parameters IE.


-------------------------------------------Change 3-------------------------------------------
9.3.1.49
Non Dynamic 5QI Descriptor

This IE indicates the QoS Characteristics for a standardized or pre-configured 5QI for downlink and uplink.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	5QI
	M
	
	INTEGER (0..255,...)
	This IE contains the standardized or pre-configured 5QI as specified in TS 23.501 [21]. For a BH RLC channel, the Packet Delay Budget included in 5QI defines the upper bound upper bound for the time that a packet may be delayed between an IAB node and its parent node in BH link.

	Priority Level
	O
	
	INTEGER (1..127)
	For details see TS 23.501 [21]. When included overrides standardized or pre-configured value.

	Averaging Window
	O
	
	9.3.1.53
	This IE applies to GBR QoS Flows only. For details see TS 23.501 [21]. When included overrides standardized or pre-configured value.

	Maximum Data Burst Volume
	O
	
	9.3.1.54
	For details see TS 23.501 [21]. When included overrides standardized or pre-configured value. If the 5QI refers to a non-delay critical QoS flow the IE shall be ignored.


9.3.1.x
BH RLC CH ID

This IE uniquely identifies a BH RLC Channel for an IAB-node.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	BH RLC CH ID
	M
	
	BITSTRING(16)
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