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1 Introduction

In the last few meetings, following agreements were made for NR IAB support [1] [2].
	Agreements: (RAN1#93)
· IAB supports TDM, FDM, and SDM between Access and BH links at an IAB node, subject to a half-duplex constraint. Further study the following solutions for the different multiplexing options:

· Mechanisms for orthogonal partitioning of time slots or frequency resources between access and backhaul links across one or multiple hops

· Utilization of different DL/UL slot configurations for access and backhaul links

· DL and UL power control enhancements and timing requirements to allow for intra-panel FDM and SDM of backhaul and access links.

· Interference management including cross-link interference

· Note: the level of required enhancement or optimization for the different options is FFS

Agreements: (RAN1#93)
· IAB supports TA-based synchronization between IAB nodes, including across multiple backhaul hops

· Enhancements to existing mechanisms can be further studied

· The following cases should be further studied:

· Case 1: DL transmission timing alignment across IAB nodes and donor nodes

· Case 2: DL and UL transmission timing is aligned within an IAB node

· Case 3: DL and UL reception timing is aligned within an IAB node

· 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

· Further study the following levels of alignment between IAB nodes/donor nodes or within an IAB node:

· Slot alignment

· Symbol-level alignment

· No alignment

· Further consider the impact of different cases on TDM/FDM/SDM multiplexing of access and backhaul links, cross-link interference, and impact on access UEs

Agreements: (RAN1#94)

· At least Case #1 is supported for both access and backhaul link transmission timing. 

· Further study includes additionally the following two cases (in addition to other cases #2/3/4/5)

· 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 

· FFS: TA required for IAB nodes to support these cases

· For Case #6 and Case #7 further consider the potential impact of imperfect timing adjustment, overhead of required DL/UL switching gaps, and scheduling impact on access UEs and child IAB nodes

· Study to include aspects (including feasibility) when the IAB node is connected to one or multiple parent nodes




In this contribution, we discuss on further considerations to support NR backhaul links based on above study item objectives and agreements. This contribution is an updated version of R1-1808516.
2 Discussions on HARQ-ACK transmission
When an IAB node transmits HARQ-ACK for the received PDSCH in half-duplex operation, it needs at least following two actions, one is switching direction from downlink to uplink, and another one is align timing to uplink timing. Generally, when D/U or U/D switching happens, there should be set a gap for the switching, then that means the more HARQ-ACKs are transmitted for received PDSCHs, more switching gaps are needed. In another words, there will be more resources could not be used due to timing gaps. Particularly, with high subcarrier spacing, the necessary gap can be larger than one OFDM symbol, and thus, frequency DL/UL switching may not be desirable. 
 In multi-beam case, a node cannot receive signals from other nodes when the node transmits HARQ-ACK to its parent node, and the node also cannot transmit signals on beam directions other than the beam which carries HARQ-ACK information. Also, other child nodes can only receive signals from particular beam direction which is used by its’ parent node for transmitting HARQ-ACK.  In IAB scenario, as there are multiple links (access DL/UL, backhaul DL/UL with parent and backhaul DL/UL with child), it is somewhat inefficient there are many fragmented DL or UL transmissions such as frequent PUCCH transmission. Overall, it can be considerable to multiplex UL channels as much as possible. It is important in IAB scenario compared to other cases when scheduling decisions are occurred locally in each IAB for its children IAB nodes. For example, if backhaul UL to its parent and access DL to its UEs are shared or backhaul UL to its parents and children are shared, as it is likely that the best beam to each link is different, to allow TDM between different link with different beam direction, it is overall desirable to reduce the number of beams to be supported in one instance. Otherwise, either one time instance of UL may be very long to support many beams or there can be a long latency to support certain beams. To reduce unnecessarily DL/UL switching and fragmented beams to transmit different channels in a TDM manner, we can consider the following approaches.

· Reduce HARQ-ACK transmission or at least multiplex multiple UL channels if possible

· Reduce UL grant overhead to schedule PUSCH

Overall, it would be desirable to consider ‘reduce unnecessarily overhead or time’ of transmission/reception, and also minimize the unused reserved resources (e.g., PUCCH, SR, etc). HARQ-ACK is essential to support reliable communication, and it is necessary as well for IAB scenario. However, some considerations to reduce overall HARQ-ACK transmission overhead can be considered. 
· Multiplex UL channels as much as possible: In multiplexing UL channels, we can consider the following combinations

· SR and HARQ-ACK transmission: as SR resources are semi-statically configured which will be reserved for that beam direction regardless of SR transmission, it is considerable to multiple HARQ-ACK transmission in the configured SR resource as much as possible

· PUSCH and HARQ-ACK transmission: as PUSCH needs to be transmitted for data transmission, it would be desirable to multiplex HARQ-ACK to PUSCH 

· HARQ-ACK polling or aggregation: another approach is to transmit HARQ-ACK based on request/configuration. Though based on HARQ-ACK timing indication in DCI, HARQ-ACK transmission timing can be dynamically adapted. However, if there is a possibility that a certain set of resources (PUCCH resources) may be triggered dynamically by scheduling DCI, the child IAB node may not be able to use such resources to schedule another IAB node (it’s child node) or UEs. In this sense, among IAB nodes, it would be desirable to minimize potential UL resources or DL resources which will not be used. The more the resource is reserved but not used, the less spectral efficiency/scheduling flexibility can be achieved in IAB scenario. 

To reduce UL grant to schedule PUSCH, configured grant can be used for PUSCH transmission where multiple configured grant can be also considered to support various traffic patterns
Proposal 1: To enhance scheduling flexibility and spectral efficiency, in IAB scenario, it seems necessary to consider mechanisms to minimize resources which are reserved (e.g., semi-statically configured PUCCH resource, SR resource, CORESET/SS) but not used. 
In more details, the followings illustrate a few mechanisms considerable to reduce reserved resources. 
· Periodic HARQ-ACK transmission: a HARQ-ACK transmission can be restricted to a set of resources which can be configured semi-statically as illustrated in Figure 1.
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Figure 1. Example of periodic HARQ-ACK polling
· Periodic HARQ-ACK resource can be inefficient if periodicity is large. As an IAB node is also configured with multiple UL resources such as SR, configured grant, etc., another approach is to assume that HARQ-ACK resources are valid only in a slot (or OFDM symbols) where any semi-static UL configuration with the same beam is configured. By that way, there can be more HARQ-ACK transmission opportunities to reduce the latency. For example, an IAB node may transmit HARQ-ACK along with SR in the configured SR resource. As the number of HARQ-ACK bits carried in SR resource is limited, some HARQ-ACK bundling seems necessary. Further, it is still desirable not to transmit UL if there is no SR nor NACK. Thus, one example is to transmit 1 bit NACK if there is any PDSCH corresponding to a SR/HARQ-ACK resource is not received correctly. Otherwise, ACK/DTX can be skipped. Figure 2 shows an example.
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Figure 2. Example of multiplexing SR and NACK
Proposal 2: To effectively schedule resources, restriction of HARQ-ACK resources and candidate PUSCH resources can be considered for IAB. For example, HARQ-ACK resource can be restricted to a set of semi-statically configured UL resources for SR, and PUSCH can be scheduled only in the semi-statically configured grant resources. 
3 Conclusion 

In this contribution, we discussed on further considerations to support NR backhaul links and obtained following proposals.
Proposal 1: To enhance scheduling flexibility and spectral efficiency, in IAB scenario, it seems necessary to consider mechanisms to minimize resources which are reserved (e.g., semi-statically configured PUCCH resource, SR resource, CORESET/SS) but not used.
Proposal 2: To effectively schedule resources, restriction of HARQ-ACK resources and candidate PUSCH resources can be considered for IAB. For example, HARQ-ACK resource can be restricted to a set of semi-statically configured UL resources for SR, and PUSCH can be scheduled only in the semi-statically configured grant resources. 
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