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1 Introduction

A new work item on “Enhancements to Integrated Access and Backhaul for NR” was approved in RAN#86 [1]. One of main objectives in the work item is to specify IAB-node timing mode(s), extensions for DL/UL power control, and CLI and interference measurements of BH links to support simultaneous operations by IAB-node’s child and parent links as follows: 
· Specification of IAB-node timing mode(s), extensions for DL/UL power control, and CLI and interference measurements of BH links, as needed, to support simultaneous operation (transmission and/or reception) by IAB-node’s child and parent links.
In RAN1#102-e, the following agreement was made regarding timing to support simultaneous operation by IAB-node's child and parent links:
Agreement
· Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 2 (simultaneous MT-Rx/DU-Rx)

· Case 6 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 1 (simultaneous MT-Tx/DU-Tx)

· RAN1 should strive to minimize specification impact due to this feature

· FFS: Whether Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 4 (simultaneous MT-Tx/DU-Rx)

In this contribution, we provide our views about timing, DL/UL power control and CLI for NR IAB to support simultaneous transmission and/or receptions.
2 Discussions 
2.1 Timing
In Rel-16, backhaul DL transmission timing is aligned across Donor/Parent IAB and child IAB which was called as Case #1 timing. As shown in Figure 1, backhaul DL transmission timing is defined as Backhaul DL TX timing = Backhaul DL RX timing – T1 where T1=TA/2 –  Tg/2, and Tdelta= – Tg/2.
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Figure 1: Backhaul DL TX timing alignment adopted in Rel-16
In RAN1#102-e, there was a discussion about timing modes to support multiplexing scenarios to be considered in Rel-17 and then the following agreement was made:

Agreement
· Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 2 (simultaneous MT-Rx/DU-Rx)

· Case 6 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 1 (simultaneous MT-Tx/DU-Tx)

· RAN1 should strive to minimize specification impact due to this feature

· FFS: Whether Case 7 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 4 (simultaneous MT-Tx/DU-Rx)

First, as captured in the TR38.874, there are the following potential alternatives to achieve the Case #6 timing:
· Alt.1: The IAB node may need to carry out parallel (always time multiplexed) case #1 and case #6 uplink transmissions
· Alt.2: Signalling between the parent and IAB node of the time difference of the DL Tx and UL Rx timing at the parent node in order to correct potential misalignment of the DL Tx timing at the child node
· The child IAB node compares the corresponding difference of its own DL Tx timing and BH Rx timing; if the signalled difference of the parent node is larger than measured at the child node, the child node advances its TX timing, if smaller the TX timing is delayed. 
· Note: Alt 1 & Alt 2 may require maintenance of separate Rx timings at the parent node for Case 6 UL transmissions from different child nodes

In our view, Alt.1 can work without any further specification efforts if there are sufficient signaling from the parent IAB/Donor by using Case #1 timing. On the other hand, Alt.2 needs a new signaling to indicate the time difference of DL Tx timing and UL Rx timing in parent IAB/Donor. In addition, to determine the details of the signaling including the signaling method, range, resolution and etc., it is expected that more RAN2/4 discussion may be necessary which would be very similar to the discussion needed for determining the details of T_delta in Rel-16. In this perspective and also according to the agreement that RAN1 should strive to minimize specification impact due to Case 6 timing, Alt.1 is preferred.
Proposal 1: For multiplexing Case A, Case #1 and Case #6 timing are always time multiplexed in Rel-17.

Regarding Case #7 timing, the following potential alternatives were captured in the TR38.874:
· Alt 1: Introduce negative initial time alignment (TA) for IAB nodes, to be applied to child nodes of the IAB node applying case #7 timing
· Alt 2: Apply a positive TA that enables symbol alignment, but not slot alignment, between the DL reception and the UL reception at the IAB node
· Alt. 3: Signalling of a relative offset w.r.t the most recent TA value, to be applied to child nodes of the IAB node applying case #7 timing to achieve an effective negative TA.
In our view, Alt.1 has much more specification impacts to define the negative TA and also more RAN2/4 discussion may be needed. Also, Alt.3 has specification impacts to define the offset and also it is expected that additional RAN2/RAN4 discussion is necessary. On the other hand, Alt.2 can work without further specification supports but it may cause some waste of resource. In this perspective, Alt.2 is little bit preferred.
Proposal 2: For multiplexing Case B, symbol alignment is supported in Rel-17.
2.2 DL/UL Power Control
For the support of simultaneous operations between IAB-node’s child and parent links, power coordination between child and parent links can be considered. Actually, there are two issues: 1) reception power imbalance when parent IAB receives signals from child IAB and UE simultaneously because the child IAB power is expected to be much larger than UE power; and 2) transmission power splitting between UL backhaul links and DL access links because UL power control by the parent IAB may impacts DL TX power from the child IAB. 
The above two issues are discussed based on case 1) with power sharing between two links, e.g., intra-panel case; and case 2) without power sharing between two links, e.g., inter-panel case.
First, reception power imbalance might cause strong interference from backhaul link to access link for both cases due to the much higher transmission power of IAB node and it might get worse for case 1). Possible approaches to mitigate the problems, can be 1) Always reducing transmission power from IAB considering access link, 2) Having time durations to protect access link from higher transmission power of IAB node, 3) Introducing closed loop power control for backhaul link. Moreover, interference cancelling techniques can be applied to mitigate the impact from backhaul link interference. 

Regarding transmission power splitting between UL backhaul link and DL access link, the transmission power for UL backhaul link is adjusted by the parent IAB but for DL access link transmission at the same time, certain power needs to be configured for reference signals such as SSB and CSI-RS. This only happens in case 1) with power sharing. As a possible approach to address the power splitting issue, priority rule can be defined based on importance between information and channels and then more transmission power according to the priority rule can be given to backhaul or access link. For example, higher priority can be always given to backhaul links and the parent IAB node can follow the normal power control procedure. If there is no enough power left for DL access link such as reference signal transmission, the data transmission power can be reduced by implementation.

Proposal 3: Discuss reception power imbalance and transmission power splitting issues in Rel-17. 
2.3 Interference management

In Rel-16, two measurements (e.g., CLI-RSSI and SRS-RSRP) were introduced to address CLI (Cross-Link Interference) between different UEs in adjacent serving cells. Also, further backhaul signaling between adjacent serving cells in addition to the UL-DL slot information which was already agreed in RAN1 has been discussed in RAN3. Although all spec. supports for CLI in Rel-16 were specified mainly for serving UEs, there is no reason to not utilize them for an IAB node. For example, at least regarding MT-to-MT interference, the IAB MT which is interfered with some interference from an adjacent IAB MT can measure CLI-RSSI or SRS-RSRP and then the measurements can be reported to a donor/parent IAB and the donor/parent IAB can address the CLI interference appropriately. On top of the MT-to-MT interference, further spec. impacts regarding other interferences (e.g., MT-to-DU, DU-to-DU and DU-to-MT interference) may be discussed whether they can be up to implementation as in Rel-16 or some enhancements can be introduced for Rel-17 IAB.
Proposal 4: Rel-16 CLI is a starting point at least for MT-to-MT interference in Rel-17.
3 Conclusions 

This contribution discusses necessary enhancements for NR IAB and then proposes the following depending on the discussion:
Proposal 1: For multiplexing Case A, Case #1 and Case #6 timing are always time multiplexed in Rel-17.
Proposal 2: For multiplexing Case B, symbol alignment is supported in Rel-17.
Proposal 3: Discuss reception power imbalance and transmission power splitting issues in Rel-17.
Proposal 4: Rel-16 CLI is a starting point at least for MT-to-MT interference in Rel-17.
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