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Introduction
In RAN1 #94-bis meeting, discussions on enhancement for IAB were held, and the following is agreed. 
	Agreements:
· For Timing and Synchronization
· For case #1 & case #7, if DL TX and UL RX are not well aligned at the parent node, additional information about the alignment is needed for the child node to properly set its DL TX timing for OTA based timing & synchronization
· Case #7 to be supported if and only if compatible with release 15 Ues
· Further check w.r.t. compatibility
· Support of case #6 is FFS
· No other cases are supported
Agreements:
From an MT point-of-view, the following time-domain resources can be indicated for the parent link:
· Downlink time resource,
· uplink time resource, 
· flexible time resource 
as in release 15.
From a DU point-of-view, the child link has the following types of time resources
· Downlink time resource,
· uplink time resource, 
· flexible time resource 
· not available time resources (not to be used for communication on the DU child links) 
Exact configuration for DU is FFS

R1-1812042
Agreements:
· [bookmark: _GoBack]For each of the downlink, uplink and flexible time-resource types of the DU child link there are two flavors, hard and soft:
· Hard: The corresponding time resource is always available for the DU child link 
· Soft: The availability of the corresponding time resource for the DU child link is explicitly and/or implicitly controlled by the parent node. 




In this contribution, we discuss on multiplexing of access and backhaul links and Tx/Rx timing among IAB.

Access and backhaul link multiplexing and transmission timing
In the #94-bis meeting, supporting timing case #7 is agreed with the condition that if and only if compatible with release 15 UEs, and supporting timing case #6 is FFS. In the case #6 and 7, DL transmission timing alignment across IAB nodes and donor nodes (case #1) should be achieved to maintain constant timing. Additionally backhaul DL and access UL reception timing is aligned within an IAB node in the case #7, and access DL and backhaul UL transmission timing is aligned within an IAB node in the case #6. Each case that timing alignment between DL and UL transmission or reception can achieve SDM/FDM transmission or reception of parent backhaul link or children backhaul link. However, as mentioned in agreement, some issues should be clarified for supporting case #6 and 7.
The timing of LP,D reception and LC,U reception are aligned in case #7 as depicted in Figure 1, thus the LC,U transmission timing should be controlled properly. In certain circumstance, the LC,U transmission timing is indicated as later than the LC,D transmission timing. It means that child node transmits LC,U following the negative TA.  The IAB node can have updated or new TA parameters compared with TA values in release 15 to achieve this timing, and it may not cause any implementation issue. The LA,U transmission timing also be indicated as later than the LC,D transmission timing, however, for release 5 UEs, they cannot be configured the negative TA unless the additional TA value is defined. To solve this compatibility issue, some solutions were proposed. 
The one solution is followed. The idea is to add ‘offset’ in TA of each UE where the offset is defined by K * OFDM symbol duration which is the smallest K where K * OFDM symbol duration exceeds propagation delay of LP,D. In other words, K OFDM symbols are not used for data transmission. In an IAB where Case #7 is applied, OFDM symbol index #0 of LP,D will be FDM/SDM-ed with OFDM symbol index of #K of LC,U in this case. Potential issues of this approach are (1) constant resource inefficiency where K OFDM symbols would not be used for each UL slot where the overhead is significant (e.g., if K = 1, the overhead is about 7%). Moreover, as TA values are increased for all UEs, it may also increase the overall gap between DL and UL. Moreover, when different OFDM symbols are mapped between backhaul DL and access UL, it needs to be carefully investigated whether there is no issue in terms of FDM/SDM. 
[image: ]
[bookmark: _Ref528846080][bookmark: _Ref528846068]Figure 1. Issue of timing case #7 

The timing of LP,U, LC,D and LC,U transmissions are aligned in case #6 as depicted in Figure 2. All transmission without considering link direction should be started at same time in the IAB node perspective. The LC,D reception timing of child nodes cannot be controlled but it does not matter since the downlink signal is processed by itself. However, the uplink reception timing is out of control in this case, thus the uplinks of multiple child nodes cannot be multiplexed. It means that multiplexing uplink in time domain for multiple child nodes cannot be applied in case #6. If SDD/FDD is utilized for multiple child nodes, it does not matter, but it reduce the resource flexibility that each child nodes occupies space/frequency resource always. Furthermore, the transmission timing is always aligned and if the transmission timing is changed due to the environment, it affect the transmission timing of all child nodes.
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[bookmark: _Ref528852203]Figure 2. Issue of timing case #6

Proposal 1: The concrete solution for implementing case #6 and 7 should be clarified before agreeing to support both cases. For SDM/FDM, it should be further considered to modify Case #6/#7 to minimize the impact on access links. For example, SDM/FDM may be applied only between backhaul DL and child UL for Case #7 and backhaul UL and downlink to child in Case #6. 

D/U assignment for IAB nodes
From an MT point-of-view, three resource type can be indicated such as downlink, uplink and flexible. From a DU point-of-view, the child link has the 7 types of time resources, hard downlink, soft downlink, hard flexible, soft flexible, hard uplink, soft uplink, and not-available resource. An IAB node is assigned both MT side and DU side resource type indications. The soft resource means that the availability for the DU child link is controlled by the parent node. The not-available resource is the resource which is not used for the DU child links. The not-available resource’s role is quite clear and IAB node operates as MT in the not-available resource of DU. However, the soft resources is the resources for DU but it is used upon the parent node’s decision, thus it should be clarified what if the MT resource is assigned in the same resource of soft of DU. Furthermore, IAB node is also configured the RRC resources such as CORESET, CSI-RS, grant-free resources or RACH resource. The relationship between MT, DU and RRC resources needs to be clarified.
Clearly, in the case that MT resources remain flexible and the DU resources are assigned in same resource, IAB node can use the resource for DU function at least for hard resources. On the contrary to this, in the not-available resource of DU, IAB node only need to follow MT function. Furthermore, if the exact resource type is assigned in MT or DU, IAB node only needs to follow those resource assignments with assuming that donor node does not assign the conflicted resource type between MT and DU. Conflict means that donor node configures the downlink or uplink of DU in the region of downlink or uplink of MT.
If the MT resource is exactly indicated as downlink or uplink for RRC resource configurations, IAB node does not need to concern how to operate. In the region that MT downlink or uplink is assigned and the DU soft resource, which is not activated, is assigned, IAB node can follow the MT resource assignment because the remained soft resource is not able to be used, which can be considered as not-available resource.  
When there are the RRC resource configurations in MT flexible and also DU soft region, following concept can be considered.
· The RRC resource configurations can have higher priority than DU soft resource in the MT flexible resource.
· The IAB node regards the soft DU resources as not-available in this case, and follows the RRC resource configurations in MT.
Proposal 2: The relationship between MT resource and DU resource should be clarified.

As agreed, the usage of soft resource is controlled by parent node. For this control, the activation signaling for the soft resource need to be discussed. The soft resource is activated according to the data load and judgement of parent link, therefore the activation signaling can be delivered via fast signalling such as MAC CE or dynamic signaling. RRC may not be appropriate as the parent node needs to go through CU to signal RRC in this case. The child nodes and UEs are connected with IAB node dynamically, and it does make sense that the resource for DU perspective also need to be secured dynamically. If the soft resource is activated semi-statically, it is not much different with the resource assignment from donor node and the situation of data load cannot be reflected immediately. From this point of view, there are two ways can be considered as soft resource activation signaling as followed,
· Option 1: Individual signaling for each soft resource.
· Single soft resource can be defined as continuous soft symbols which as same type.
· Option 2: Activation signaling for soft resources in certain time duration.
· Time duration can be defined as n period of D/U assignments.
If the parent node activates every single soft resources one by one, it may cause huge overhead according to the soft resource amount. It may too soon to define the way how to activate the soft signaling, but the activation for certain time duration seems reasonable considering the signaling overhead. Of course the more issues such as signaling format, signaling period, a standard to activation or signaling method should be further discuss also.
Proposal 3: The activation signaling for soft resource of DU needs to be defined.

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)

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: The concrete solution for implementing case #6 and 7 should be clarified.
Proposal 2: The relationship between MT resource and DU resource should be clarified.
Proposal 3: The activation signaling for soft resource of DU needs to be defined.
Proposal 4: A node can communicate with different parent node in different time duration.
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