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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
A couple of conclusions are captured in TS 38.874 after last meeting. These conclusions are related to backhaul/access resource partitioning, TDM/FDM/SDM multiplexing , syncronization/alignement, modulation of backhaul and etc. This contribution discusses these issues and provides our proposals.
2. Discussion
2.1. Backhaul link and route discovery/management
2.1.1. Dynamic routing
When performing dynamic selection of the IAB-node, it is important to consider more factors besides link quality aspects.
Delay aspects: 
· Multi-hop backhauling provides more range extension than single hop. However, the performance (e.g. E2E delay) will decrease with increasing number of hops. Therefore, it is useful for a child IAB-Node to know the IAB-Donor can be reached in how many hops from each candidate parent, and then select a suitable one accordingly. 
Parent-capable indicator
· Obviously, not all the nodes serving NR cell can work as parent of IAB-Node. Parent-capable node is used to refer to the nodes which are capable to work as parent of IAB-Node in this paper. A parent-capable indicator, which is used by a parent-capable node to indicate IAB-Nodes that it can work as parent, can effectively prevent IAB-Node from selecting non parent-capable nodes and reduce the latency of parent selection procedure. It is known that the short latency of parent selection procedure is especially important for a RLF IAB-Node which is seeking a parent-capable node to re-establish.  
Remaining capability
· A child IAB-Node can provide very limited throughput to the UEs it served if the load of the selected parent is heavy.  Hence, the remaining capability on both upstream and downstream links of candidate parent node/cell should be informed to the child to prevent it from selecting a heavy load parent node/cell.
Proposal 1: To assisting child IAB-Node perform parent node selection, following information is considered to be provided to child IAB-Node:
· Number of hops: indicates the IAB-Donor can be reached through how many hops from the node
· Parent-capable indicator: indicates whether the node can work as parent IAB-Node
· Remaining capability: indicates the remaining capability on both upstream and downstream links of current node/cell
2.2. TDM/FDM/SDM access and backhaul traffic multiplexing
2.2.1. Signalling aspects
For TDM, it is agreed in RAN1#94 that an IAB node is configured with IAB-node specific resources in time available for the links for specific TDM multiplexing cases defined in previous meeting. A list of the remaing issues are as follows,
· Explicit or implicit indication of the resources
· Enhancements to existing signaling mechanisms to indicate the pattern
· Further study the indication of resources within the configuration which can be dynamically and flexibly used for different links
So far, existing Rel-15 mechanism supports three ways to indicate slot/symbol as “D”, “U” or “F” in principle, namely TDD-UL-DL-ConfigurationCommon, TDD-UL-DL-ConfigDedicated and SFI in GC-PDCCH. These signallings and indications can be used as a start point to design signalling and indication for indicating the resource allocation in time for backhaul link and access link.
TDD-UL-DL-ConfigurationCommon, TDD-UL-DL-ConfigDedicated are used for semi-static resource partition. For TDD-UL-DL-ConfigurationCommon, it always starts from downlink (if any) and end from uplink  (if any)transmission within a periodicity.  For TDD-UL-DL-ConfigDedicated, it always starts from downlink (if any) and end from uplink (if any) transmission within a slot. Considering SDM access and backhaul traffic multiplexing, backhaul and access link may have different transmission directions at the same time. Hence, it is expected to further extend the signalling design for backhaul link signalling. For example, it is propose to not restrict the transmission always start from downlink and end with uplink for TDD-UL-DL-ConfigurationCommon, TDD-UL-DL-ConfigDedicated.
For dynamic SFI, the current signalling alread provides enough flexibility from traffic adaptation perspective. Annex 1 provides an overview of the current supported slot formats. For the same reason to support SDM for BH and AC link, it is proposed to introduce more slot formats which allows more flexible uplink transmission from the beginning of the slot. Note such slot format can be a complementary to the existing slot format which the downlink transmission starts first and the number of symbols is very flexible. As a consequence, the BH and AC link can use these complementary slot formats respectively in order to allow SDM multiplexing between BH and AC.
Proposal 2: Slot format for backhaul link can be design based on the existing TDD-UL-DL-ConfigurationCommon, TDD-UL-DL-ConfigDedicated and slot format table defined in Table 4.3.2-3 in TS38.211
Proposal 3: Further study how to extend the existing signalling and indication in order to allow SDM multiplexing between backhaul and access link.
2.2.2. Issues for SDM/FDM
It is agreed in the last meeting that DL and UL power control enhancements and timing requirements to allow for intra-panel FDM and SDM of backhaul and access links will be further studied.
Although the FDM/SDM mutliplexing approaches has benefits, it also bring some new challenges as following. 
· Symbol level timing alignment between backhaul and access link
As shown in figure 2, the receiving timing of backhaul DL and access UL in slot 1 has to be perfectly aligned, with timing offset less than CP. If the propogation distance between backhual and access link are larger enough, some timing control scheme should be considered to maining the timing alignment. 
· Power control
As shown in figure 2, the receiving power of backhaul DL and access UL in slot 1 has to be comparable and reach the IAB node receiver target power so that the IAB node can correctly decode both links. Due to the Tx power difference and propagation difference between the two links, some power control mechanism should be considered. For example, maintain receiving power as same as possible to avoid power imblance between different link.
[bookmark: P1]Proposal 4: in order to enable the FDM/SDM multiplexing approach between backhual and access link,
· timing control scheme should be considered to maining the timing alignment between backhual and access link 
· maintain receiving power as same as possible to avoid power imblance between backhual and access link 
2.3. resource coordination 
2.3.1. Resource coordination between IAB-nodes and donor gNB
According to the previous agreement, semi-static (on the timescale of RRC signalling) should be supported for resource (frequency, time in terms of slot/slot format, etc.) coordination between IAB nodes. However, resource (frequency, time in terms of slot/slot format, etc.) coordination which is faster than semi-static coordination should be further studied.
· For semi-static coordination
· For this case, the BH and AC link resource is pre-configured by higher-layer signalling, including time and/or frequency resources. 
· The relay and donor gNB can implement the scheduler independently within its configured BH and AC link.
· For dynamic coordination
· For this case, the BH and AC link resource is NOT pre-configured by higher-layer signalling. Instead of that, L1 signalling can be used to determine the BH and AC link resource.
· For example, the DCI from gNB can indicate to the relay whether the upcoming time-slot is for BH or not. Based on that, the relay scheduler determines whether and how to allocate resource for the relay UEs.
As the NR is designed in a dynamic nature and considering the time variant channel condition and variant requirement of backhual and access link resource due to dynamic traffic demand, the dynamic partitioning between backhaul and access link should be studied. Furthermore, considering LTE is semi-staic BH/AC paritioning by using MBSFN configuration, NR can have improvement than LTE if NR adopts dynamic partitioning.
[bookmark: P2]Proposal 5: Dynamic partitioning between backhaul/access link should be specified for NR IAB by extending current dynamic SFI mechnism. 
2.3.2. Distributed or centralized coordination mechanisms
Distributed or centralized coordination mechanisms is FFS after last meeting. And it is worthwhile to know how to determine the Uu link DL/UL resource usage for IAB-node
· Option 1: donor gNB decides Un link DL/UL resource usage, IAB-node further decides the Uu link D/UL resource usage under its Uu cell
· IAB-node may need to report the required amount of DL/UL resource within its Uu cell based on the buffered UL/DL traffic demand.
· gNB indicates the backhaul DL/UL time resource for IAB-node, using L1/L2 signaling
· Option 2: donor gNB and IAB-node decides the Un link and Uu link DL/UL resource usage independently and inform each other, gNB and IAB-node further decides the DL/UL resource usage based on coordination. 
· IAB-node and donor gNB may need to exchange the DL/UL resource configuration
A summary of the above cases are as follows
	
	Scheduler

	
	independently schduler for gNB and IAB-node
	IAB-node scheduler determines Uu resource according to the gNB L1/L2 signalling on backhaul DL/UL resource allocation

	Resource usage between BH and AC link
	gNB decides the slots used for Un DL/UL
	· IAB-node may need to report the required amount of DL/UL resource within its Uu cell based on the buffered UL/DL traffic demand
· Semi-static Uu/Un resource partitioning resource 
	· IAB-node may need to report the required amount of DL/UL resource within its Uu cell based on the buffered UL/DL traffic demand 
· dynamic Uu/Un resource partitioning

	
	Independent determined
	· IAB-node and donor gNB may need to exchange the DL/UL resource configuration 
· Semi-static Uu/Un resource partitioning resource
	· IAB-node and donor gNB may need to exchange the DL/UL resource configuration 
· dynamic Uu/Un resource partitioning



For both option 1 and 2, a resource indication for the backhaul/non-backhaul resource is needed from donor gNB to IAB node. Considering whether the backhaul resource can be used also for donor gNB access link and  IAB node access link, serveral ways can be considered as follows, 
	
	
	Alt 1 : fullly flexible at both donor gNB and IAB node
	Alt 2 : flexible for donor gNB
	Alt 3 : flexible for IAB node 
	Alt 4 :only for Un for IAB node

	Backhaul resource indicated by donor gNB
	Un DL by donor gNB
	Yes
	Yes
	Yes
	Yes

	
	Un UL by donor gNB
	Yes
	Yes
	Yes
	Yes

	
	Uu DL by donor gNB
	Yes
	Yes
	
	

	
	Uu UL by donor gNB
	Yes
	Yes
	
	

	
	Uu DL by IAB node (in case of FDM/SDM between BH&AC)
	Yes
	
	Yes
	

	
	Uu UL by IAB node
(in case of FDM/SDM between BH&AC)
	Yes
	
	Yes
	

	Non-backhaul resource indicated by donor gNB
	Uu DL by IAB node, 
	Yes
	
	Yes
	

	
	Uu UL by IAB node, 
	Yes
	
	Yes
	

	
	Uu DL by donor gNB
	Yes
	Yes
	
	

	
	Uu UL by donor gNB
	Yes
	Yes
	
	


Note: ‘Yes’ indicates that backhaul resource can be used for corresponding usage.
Alt 4 is fully fixed resource reserved for Un and is not flexible. Alt 2 is similar to LTE relay. Considering further improvement for NR IAB, we consider Alt 1 as a baseline for NR.
2.4. IAB-node syncronization and timing alignment
Agreed IAB-node synchronization and timing alignment as follow, 
· Case 1: DL transmission timing alignment across IAB-nodes and IAB-donors
· Case 2: DL and UL transmission timing is aligned within an IAB-node
· AC DL and BH UL can be FDMed
· Case 3: DL and UL reception timing is aligned within an IAB-node
· AC UL and BH DL can be FDMed
· Case 4: within an IAB-node, when transmitting using case 2 while when receiving using case 3
· Case 5: Case 1 for access link timing and Case 4 for backhaul link timing within an IAB-node in different time slots
· Case #6 (Case#1 DL transmission timing + Case #2 UL transmission timing):
· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· the UL transmission timing of an IAB node can be aligned with the IAB node’s DL transmission timing
· Case #7 (Case#1 DL transmission timing + Case #3 UL reception timing):
· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· the UL reception timing of an IAB node can be aligned with the IAB node’s DL reception timing 
In the last meeting, it is propose to further consider Case #6 and Case #7 on the potential impact of imperfect timing adjustment, overhead of required DL/UL switching gaps, and scheduling impact on access UEs and child IAB nodes.
For case 6 and 7, the IAB-node downlink transmission is as same as traditional network. But in order to allow SDM/FDM Tx or Rx at IAB node, UL transmission or reception timing is adjusted in order to achieve aligenment with access link downlink transmission or access uplink reception respectively the at IAB-node. 
For case 6, the transmission power for BH uplink and AC downlink at IAB-node cannot be of much difference. Otherwise the performance of weaker transmisison may be impacted. 
For case 7, one of the drawbacks is that the power imbalance of the reception for BH downlink and AC uplink at IAB-node may degrade the performance. This has also been addressed in section 2.2.
[bookmark: P3]Proposal 6: Further study is needed for IAB timing case 6 and 7 in order to support SDM/FDM
· For case 6, FFS Tx power difference issue between BH uplink and AC downlink at IAB-node
· For case 7, FFS for power imbalance issue for reception for BH downlink and AC uplink at IAB-node
2.5. IAB-node scheduling and processing delay
It has been discussed in RAN1#94 that,
· Further study the indication of resources within the configuration which can be dynamically and flexibly used for different links, including
· The need to consider the scheduling delay, IAB node processing delays, or information required to be available for the use of flexible resources
· Mechanisms to schedule flexible resources (e.g. GC-PDCCH)
Considering the dynamic indication of the bakchaul and access resource, the IAB-node may requires additional processing and preparing in order to use the dynamically indicated flexible resources.
The IAB-donor indicates the IAB-node which slot(s)/symbol(s) are used for access and backhaul link. 
For the case of downlink, IAB-node need some time for decoding the indication and some time for preparing using the indicated resources (includes encoding, mapping, modulation and etc.). Figure 1 ilustrates the downlink processing required between downlink indication and downlink access resource. Where  denotes the prcessing time to decode the indication, A denotes scheduling preparation time.
[image: ]
Figure 1. IAB node scheduling delay and processing delays for downlink
For the case of uplink, IAB-node also need some time for decoding the indication (). Also, preparation of the scheduling is also needed (). In additional,  processing time as defined in the current spec should be added in order to allow UE to decode the PUSCH after receiving uplink grant.
[image: ]
Figure 2. IAB node scheduling delay and processing delays for uplink

Proposal 7: IAB node scheduling delay and processing delays for uplink and downlink should be defined.
2.6. Higher order modulation
It is agreed to support of 1024QAM for the backhaul link. However, it is FFS whether solutions should be specified as part of an IAB WI or other NR WI.
Considering UE supporting 1024QAM are quite different from the existing UE types, it is preferred that Solutions should be specified as part of an IAB WI. However, if NR WI introduces 1024QAM for UE, it is proposed that UE supporting 1024QAM(if any)  should be a new UE type. And 
[bookmark: P4][bookmark: _GoBack]Proposal 8: it is preferred that solutions should be specified as part of an IAB WI. UE supporting 1024QAM(if any)  should be a new UE type
3. Conclusion
This contribution focus on IAB backhaul enahncement and provides following proposals,
For Backhaul link and route discovery/management
Proposal 1: To assisting child IAB-Node perform parent node selection, following information is considered to be provided to child IAB-Node:
· Number of hops: indicates the IAB-Donor can be reached through how many hops from the node
· Parent-capable indicator: indicates whether the node can work as parent IAB-Node
· Remaining capability: indicates the remaining capability on both upstream and downstream links of current node/cell
For TDM/FDM/SDM access and backhaul traffic multiplexing
Proposal 2: Slot format for backhaul link can be design based on the existing TDD-UL-DL-ConfigurationCommon, TDD-UL-DL-ConfigDedicated and slot format table defined in Table 4.3.2-3 in TS38.211
Proposal 3: Further study how to extend the existing signalling and indication in order to allow SDM multiplexing between backhaul and access link.
Proposal 4: in order to enable the FDM/SDM multiplexing approach between backhual and access link,
· timing control scheme should be considered to maining the timing alignment between backhual and access link 
· maintain receiving power as same as possible to avoid power imblance between backhual and access link 
For resource coordination
Proposal 5: Dynamic partitioning between backhaul/access link should be specified for NR IAB by extending current dynamic SFI mechnism. 
For IAB-node syncronization and timing alignment
Proposal 6: Further study is needed for IAB timing case 6 and 7 in order to support SDM/FDM
· For case 6, FFS Tx power difference issue between BH uplink and AC downlink at IAB-node
· For case 7, FFS for power imbalance issue for reception for BH downlink and AC uplink at IAB-node
For IAB-node scheduling and processing delay
Proposal 7: IAB node scheduling delay and processing delays for uplink and downlink should be defined.
For HOM
Proposal 8: it is preferred that solutions should be specified as part of an IAB WI. UE supporting 1024QAM(if any)  should be a new UE type



Annex 1. Slot formats
[bookmark: Slot_format_Table][bookmark: _Hlk512253773]<38.211 - Table 11.1.1-1: Slot formats for normal cyclic prefix >
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0 1 2 3 4 5 6 7 8 9 10 11 12 13

0 D D D D D D D D D D D D D D

1 U U U U U U U U U U U U U U

2 F F F F F F F F F F F F F F

3 D D D D D D D D D D D D D F

4 D D D D D D D D D D D D F F

5 D D D D D D D D D D D F F F

6 D D D D D D D D D D F F F F

7 D D D D D D D D D F F F F F

8 F F F F F F F F F F F F F U

9 F F F F F F F F F F F F U U

10 F U U U U U U U U U U U U U

11 F F U U U U U U U U U U U U

12 F F F U U U U U U U U U U U

13 F F F F U U U U U U U U U U

14 F F F F F U U U U U U U U U

15 F F F F F F U U U U U U U U

16 D F F F F F F F F F F F F F

17 D D F F F F F F F F F F F F

18 D D D F F F F F F F F F F F

19 D F F F F F F F F F F F F U

20 D D F F F F F F F F F F F U

21 D D D F F F F F F F F F F U

22 D F F F F F F F F F F F U U

23 D D F F F F F F F F F F U U

24 D D D F F F F F F F F F U U

25 D F F F F F F F F F F U U U

26 D D F F F F F F F F F U U U

27 D D D F F F F F F F F U U U

28 D D D D D D D D D D D D F U

29 D D D D D D D D D D D F F U

30 D D D D D D D D D D F F F U

31 D D D D D D D D D D D F U U

32 D D D D D D D D D D F F U U

33 D D D D D D D D D F F F U U

34 D F U U U U U U U U U U U U

35 D D F U U U U U U U U U U U

36 D D D F U U U U U U U U U U

37 D F F U U U U U U U U U U U

38 D D F F U U U U U U U U U U

39 D D D F F U U U U U U U U U

40 D F F F U U U U U U U U U U

41 D D F F F U U U U U U U U U

42 D D D F F F U U U U U U U U

43 D D D D D D D D D F F F F U

44 D D D D D D F F F F F F U U

45 D D D D D D F F U U U U U U

46 D D D D D F U D D D D D F U

47 D D F U U U U D D F U U U U

48 D F U U U U U D F U U U U U

49 D D D D F F U D D D D F F U

50 D D F F U U U D D F F U U U

51 D F F U U U U D F F U U U U

52 D F F F F F U D F F F F F U

53 D D F F F F U D D F F F F U

54 F F F F F F F D D D D D D D

55 D D F F F U U U D D D D D D

56 –

254

255

Format

Symbol number in a slot

Reserved

UE determines the slot format for the slot based on TDD-UL-DL-ConfigurationCommon, or TDD-UL-DL-ConfigDedicated and, if any,

on detected DCI formats
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