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1 Introduction

In the last meeting, following agreements were made regarding on access and backhaul link multiplexing and transmission timing [1].
	Agreements:

An IAB node can support the following cases using existing MU-MIMO or sectorization mechanisms:

· Case A: multiplexing of DL transmissions to access UEs and child IAB nodes 

· Case B: multiplexing of UL transmissions from access UEs and child IAB nodes

Agreements:

Clarify the SDM/FDM scenario definition: 

· SDM/FDM Tx: An IAB node simultaneous transmits in the DL (to an access UE and/or child IAB node) and transmits in the UL (to a parent IAB node)

· SDM/FDM Rx: An IAB node simultaneous receives in the DL (a transmission from a parent node) and receives in the UL (from an access UE and/or child IAB node)

For the support of SDM/FDM, further study the following aspects:

· Transmit power coordination between parent and child links 

· Considerations of single panel vs. multi-panel operation (single or multiple baseband)

· Requirements of symbol-level timing alignment within an IAB node (e.g. Case #6/Case #7)

Agreements:

· 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

Agreements:

· For the support of TDM, at least the following cases are supported:

TDM Between:

Case

Link 1

Link 2

Supported by a pattern?

1

LP,DL
LC,DL
Yes

2

LP,UL
LC,UL 
Yes

3

LP,DL
LC,UL
Yes

4

LP,UL
LC,DL 
Yes

5

LP,DL
LA,DL 
Yes

6

LP,UL
LA,UL 
Yes

7

LP,DL
LA,UL
Yes

8

LP,UL
LA,DL 
Yes

9

LP,DL
LA,DL and LC,DL
Yes

10

LP,UL
LA,UL and LC,UL
Yes

11

LP,DL
LA,UL and LC,UL
Yes

12

LP,UL
LA,DL and LA,DL
Yes

13

LC,DL
LA,DL 
* At least Rel. 15 mechanisms can be used, FFS enhancements

14

LC,UL
LA,UL 
* At least Rel. 15 mechanisms can be used, FFS enhancements

15

LC,DL
LA,UL
* At least Rel. 15 mechanisms can be used, FFS enhancements

16

LC,UL
LA,DL 
* At least Rel. 15 mechanisms can be used, FFS enhancements




In this contribution, we discuss on multiplexing of access and backhaul links and Tx/Rx timing among IAB.
2 Access and backhaul link multiplexing and transmission timing
2.1 Tx/Rx timing
In the last meeting, support of various TDM cases among backhaul link between parent node and IAB node (LP), backhaul link between IAB node and child node (LC), and access link between IAB node and UEs (LA) [1]. 
An IAB node is composed by MT and DU, where MT is related to backhaul link with parent node (LP) and DU is related to backhaul link with child node (LC) and access link (LA). Depending on whether MT and DU can be operated simultaneously or not, applicable Tx/Rx timing for each IAB node and UE can be different. In other word, Tx/Rx timing of IAB node and UE can be decided by type of links scheduled in the same time duration. Details are described in below.
· Separated operation between MT and DU (TDM between LP and LC/LA)
Case A, B, C, and D in Figure 1 depict multiplexing cases that only one of MT and DU of IAB node is operated at a time duration. In other word, LP and LC/LA are TDMed in these cases. In Case A, B, and C, only one of LP, LC, and LA can be scheduled at the same time. In Case D, LC and LA scheduled by DU can be used at the same time, but LP which is associated to MT cannot be multiplexed.
Since MT and DU do not transmit or receive signal simultaneously in these cases, Rx timing of LP,D and LC,U/LA,U need not to be aligned. Likewise, Tx timing of LP,U and LC,D/LA,D need not to be aligned. Therefore, all IAB nodes and donor node can have aligned transmission timing (Case 1 in [2]). Then, Tx and Rx timing for each device can be determined as follows.

(1)  Parent node CU/DU
· LP,D Tx timing: absolutely aligned among nodes

· LP,U Rx timing: LP,D Tx timing – NTA offset∙Ts
(2)  IAB node MT
· LP,D Rx timing: obtained by DL timing synchronization and tracking (LP,D Tx timing + Pd)
· LP,U Tx timing: LP,D Rx timing – (NTA+NTA offset)∙Ts
where Pd is propagation delay between parent node and IAB node, and NTA is timing advance value configured by parent node.
(3)  IAB node DU
· LC,D Tx timing: absolutely aligned among nodes (LP,D Rx timing – 1/2∙ NTA∙Ts)
· LC,U Rx timing: LC,D Tx timing – NTA offset∙Ts
· LA,D Tx timing: same with LC,D Tx timing 
· LA,U Rx timing: same with LC,U Rx timing 

where and NTA is timing advance value configured by parent node.
(4)  Child node MT

· LC,D Rx timing: obtained by DL timing synchronization and tracking (LC,D Tx timing + Pd)

· LC,U Tx timing: LC,D Rx timing – (NTA+NTA offset)∙Ts
where Pd is propagation delay between IAB node and child node, and NTA is timing advance value configured by IAB node.
(5)  UE

· LA,D Rx timing: obtained by DL timing synchronization and tracking (LA,D Tx timing + Pd)
· LA,U Tx timing: LA,D Rx timing – (NTA+NTA offset)∙Ts
where Pd is propagation delay between IAB node and UE, and NTA is timing advance value configured by IAB node.
· Simultaneous operation of MT and DU (SDM/FDM between LP and LC/LA)

On the other hand, MT and DU can be operated during the same time duration. As shown in Case E, F, and G in Figure 1, LP and LC/LA can be scheduled simultaneously.

In these cases, MT and DU transmit or receive signal simultaneously. Then, Tx timing between MT and DU should be aligned to multiplex and transmit UL signal for parent node and DL signal for child node/UE simultaneously. Similarly, Rx timing between MT and DU also need to be aligned for SDM/FDM of DL reception from parent node and UL reception from child node/UE. It means that timing Case 4 in [2] should be applied.

To align Tx/Rx timing of MT and DU in a node perspective, Tx/Rx timing can be set to be same with Tx/Rx timing of MT. Therefore, for the first step, a node can set Tx/Rx timing of MT based on Rx/Tx timing of parent node. Then, the node can make Tx/Rx timing of DU is aligned to Tx/Rx timing of MT. Detailed Tx and Rx timing for each device based on this principle is descripted in below.

(1)  Parent node DU
· LP,D Tx timing: aligned to Tx timing of parent node MT

· LP,U Rx timing: aligned to Rx timing of parent node MT

If parent node is a donor node, it has its own LP,D Tx timing and LP,U Rx timing becomes LC,D Tx timing – NTA offset∙Ts.
(2)  IAB node MT

· LP,D Rx timing: obtained by DL timing synchronization and tracking (LP,D Tx timing + Pd)
· LP,U Tx timing: LP,D Rx timing – (NTA+NTA offset)∙Ts
where Pd is propagation delay between parent node and IAB node, and NTA is timing advance value configured by parent node.
(3)  IAB node DU

· LC,D Tx timing: same with LP,U Tx timing
· LC,U Rx timing: same with LP,D Rx timing
· LA,D Tx timing: same with LP,U Tx timing
· LA,U Rx timing: same with LP,D Rx timing
(4)  Child node MT

· LC,D Rx timing: obtained by DL timing synchronization and tracking (LC,D Tx timing + Pd)

· LC,U Tx timing: LC,D Rx timing – (NTA+NTA offset)∙Ts
where Pd is propagation delay between IAB node and child node, and NTA is timing advance value configured by IAB node.
(5)  UE

· LA,D Rx timing: obtained by DL timing synchronization and tracking (LA,D Tx timing + Pd)

· LA,U Tx timing: LA,D Rx timing – (NTA+NTA offset)∙Ts
where Pd is propagation delay between IAB node and UE, and NTA is timing advance value configured by IAB node.
In legacy NR system, the UL timing always precedes the DL timing in both of gNB and UE side. However, if timing Case 4 is applied, for some nodes and UEs, the DL timing can precede the UL timing, so minus values needs to be supported for NTA.
Proposal 1: To support timing Case 1, LP and LC/LA should be TDMed.
Proposal 2: To support SDM/FDM between LP and LC/LA, timing Case 4 should be supported.
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(a) Case A                                                                       (b) Case B
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(c) Case C                                                                       (d) Case D
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(e) Case E                                                                       (f) Case F
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(g) Case G

Figure 1. Multiplexing cases between LP, LC, and LA
2.2 Multiplexing options for access and backhaul link

Based on above discussion, we discuss consideration access and backhaul link multiplexing options in NR IAB system.

· Option A. Supporting TDM of LP and LC/LA only
According to the above discussion, to support timing Case 1 only for IAB nodes, a specific time duration can be occupied by LP, LC, LA, or LC+LA. In other words, LP and LC/LA cannot be scheduled in the same time duration. Therefore, to make Tx timing among all nodes to be aligned, only Case A, B, C, and/or D can be supported and multiplexed in different time durations.
· Option B. Support SDM/FDM of LP and LC/LA
It can be considered to support SDM/FDM of LP and LC/LA for flexible and efficient resource utilization shown in Case E, F, and G. Since timing Case 4 should be supported to multiplex LP and LC/LA in the same time duration, all or a part of cases in Case A-G can be supported in NR IAB and timing Case 4 can be applied. Or, timing Case 1 is applied in time duration with Case A-D and Case 4 is applied for in time duration with Case E-G.
· Option C. TDM of and LP/LC and LA
In a UE perspective, it is desirable that it has independent access link timing from backhaul timing. It means switching between different backhaul links should not affect access link timing in UE side, otherwise the UE need to do the synchronization process every time when backhaul link timing is changed, it is not efficient for both node and UE. Considering backhaul link paths can be changed depending on resource availability, and channel conditions, it is desirable that access link is not affected by backhaul link path changes as long as the serving node is not changed. If timing Case 4 is applied, this problem can be caused.
Also, timing Case 4 can cause CLI issue for a UE since access link direction can be different between two UEs connected to different nodes.

Considering these aspects, applying independent Tx/Rx timing at least for access links even if timing Case 4 is applied to backhaul links. In other words, access links can be TDMed with backhaul links. So, allowing Case C and F can be considered, and timing Case 1 and 4 can be applied for backhaul link and access link respectively.

Proposal 3: Supported multiplexing cases in NR IAB need to be decided considering Tx/Rx timing of IAB nodes and UEs.
3 Multi-path operation

An IAB node may be connected to more than one parent node, there can be multiple paths to reach to a DgNB. In Figure 2, RN(d) has RN(b) and RN(c) as its parent nodes, so there are two paths from DgNB to RN(e).
Even if RN(d) is connected to two parent nodes, it would not be able to communicate with both parent nodes at the same time. One reason can be that there is Tx/Rx timing gap between RN(b)-RN(d) backhaul link and RN(c)-RN(d) backhaul link in RN(d) side. If the gap between DL Rx timing from RN(b) and DL Rx timing from RN(c) is not small enough, it would be hard to receive data from both successfully. Also, there is a same problem for transmitting UL signal to RN(b) and RN(c) simultaneously.
TDM pattern between LP and LC can be set differently for two parent node. For example, backhaul link with child nodes can be activated in even slots for even-hop nodes and odd slots for odd-hop nodes. In this case, since RN(b) is odd-hop node and RN(c) is even-hop node, RN(d) cannot communicate with RN(b) and RN(c) in the same time duration. 

Considering above aspects, it needs to be supported to communicate with different parent nodes in different time duration. Therefore, it can be considered to configure available time duration for LP per parent node

Proposal 4: A node can communicate with different parent node in different time duration.
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Figure 2. An example of multi-path from DgNB to RN(e)
4 Conclusion 

In this contribution, we discussed on multiplexing of access and backhaul links and Tx/Rx timing. Based on discussion, we obtained following proposals.
Proposal 1: To support timing Case 1, LP and LC/LA should be TDMed.
Proposal 2: To support SDM/FDM between LP and LC/LA, timing Case 4 should be supported.

Proposal 3: Supported multiplexing cases in NR IAB need to be decided considering Tx/Rx timing of IAB nodes and UEs.
Proposal 4: A node can communicate with different parent node in different time duration.
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