3GPP TSG RAN WG1 #102-e																		R1-2005536
e-Meeting, August 17th -28th, 2020

Agenda item:		8.10.2
Source:	Nokia, Nokia Shanghai Bell
Title:	Other enhancements for simultaneous operation of IAB Parent and Child
Document for:		Discussion and Decision
1	Introduction
IAB Rel.17 WID [1] has following objectives led by RAN1:
Duplexing enhancements [RAN1-led, RAN2, RAN3, RAN4]:
· Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· [bookmark: _Hlk26193173]Support of simultaneous operation (transmission and/or reception) of IAB-node’s child and parent links (i.e., MT Tx/DU Tx, MT Tx/DU Rx, MT Rx/DU Tx, MT Rx/DU Rx).
· Support for dual-connectivity scenarios defined by RAN2/RAN3 in the context of topology redundancy for improved robustness and load balancing.
· 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.
This contribution discusses the timing modes and CLI related to the Rel.17 enhancements, primarily the support for SDM/FDM operation of the IAB-node. 

2	Timing options
During the IAB study item, various timing options were analyzed aiming to align the MT/DU signals is symbol or slot level in order to enable SDM/FDM operation, [2]. Rel.16 Case#1 timing is applicable for IAB TDM operation but does not allow adjustment of the timings between MT and DU. Case#1 MT TX timing relies on legacy TA control loop and the DU TX timing can be synchronized with the parent node by T_delta information providing means to derive the propagation delay over the parent link.
The main timing options supporting SDM/FDM operation while having synchronous DL (DU TX) timing were Cases #6 and #7. Case#6 aligns the TX of MT and DU parts whereas the Case#7 aligns the RX signals. RAN1 made the following agreement to define these timing modes during the SI stage, 
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

In the sections below we analyze these options and what they would need in Rel. specifications.

[bookmark: _Hlk44492096]2.1	Case #6 timing
The relative timings of the TX and RX slots on the BH (single hop) and access link is depicted in Fig.1. The figure illustrates slot-level alignment.
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Figure 1: Slot timings with Case#6 timing

As the MT and DU TX signals should be aligned at the IAB node, and, because of synchronous network, also the MT UL TX shall be based on synchronized DL (DU TX) signal. This means that the UL TX timing is not based on the legacy TA control but rather on DL (DU) synchronization. The synchronization could be based e.g. on GNSS, or, based on OTA synchronization over the parent link. GNSS is agnostic to the multiplexing modes (TDM/FDM/SDM) but the OTA synchronization, relying on the TA control loop, does not work as such with Case#6 timing.

If the OTA synchronization is a required feature with Case#6 timing, how the IAB-node shall derive the (estimate of) the propagation delay over the parent BH link, must be re-defined. This will be also the basis and prerequisite for the UL TX alignment.

Two solutions are identified in the SI stage, and we think that RAN1 can further work on these to finalize the discussion. 

Agreements:
Case#6, if supported:
To enable alignment of DL transmissions among IAB nodes:
· Alt. 1: The IAB node may need to carry out parallel (always time multiplexed) case #1 and case #6 uplink transmissions
· Alt 2: Signaling 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 signaled 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


Agreements:
· The use of Case 6, if supported, at the IAB node should be under control of the parent or network.

Alt. 1 could work in case there are sufficient number of samples for TA control using Case#1 timing. Depending on the IAB operational mode this may, however, not always be the case. Alt.2 would complement the timing control providing a sound solution for all scenarios. Specification efforts for the Alt.2 signaling would be minimal as the required signaling could just replace the T_delta signaling (not needed for Case#6) used in Case#1 and #7 timing. If Case#6 timing will be supported in Rel.17, we are proposing following:

Proposal 1: Alt.2 timing control shall be supported for Rel.17 IAB with Case#6 timing.

2.2	Case #7 timing
In Case#7 RX timings of the MT and DU are aligned while the TX is based on TA control (UL) and synchronized with the Donor DL (DU). Fig.2 illustrates the relative timing of the RX/TX slots (slot level alignment of RX signals).
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Figure 2: Slot timings with Case#7 timing
Here, the MT UL timing can be based on the TA control. The difference to normal operation is that the IAB-node must adjust the UL (DU) RX timing of the child link(s) to match with the DL (MT) RX timing on the parent link. Therefore, the child link TA control is not only compensating the propagation delay but also adjusts the timing to align with the MT RX. The adjustment can aim at slot or symbol level alignment. The operation is otherwise similar to Case#1 except the targeted RX timing on the child links. However, if the propagation delay on the parent (BH) link is larger than on the child link, the TA value for the child link UL timing will become negative. SI agreement in RAN1 aligns captured several alternatives to address Case #7,

Agreements:
Capture the following in the TR:
Case#7 
To enable alignment between DL and UL reception within the IAB node the following solutions have been identified: 
· 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


Agreements:
· For Case 7, the following solution is compatible with Rel. 15 UEs: Introduce “effective” negative TA, and TDM between child IAB nodes/Rel-16 UEs which support the new TA values and child IAB nodes/UEs which do not support the new TA values
· Details of required TA enhancements and signaling between parent and child IAB nodes to achieve timing alignment are to be further considered in the WI stage


As discussed during the SI phase, the issue could be bypassed by having additional adjustment in TA control to align the MT and DU RX timing in symbol resolution. This enables the SDM/FDM operation for MT and DU RX. Depending on the selected approach, the scheduler may have to puncture symbol(s) from the beginning of the slot.

Observation 1: Case#7 timing can apply the same principles as Case#1 with the exception to consider possible negative values of TA. This could be compensated with proper TA control on the child link(s) to reach symbol alignment of MT and DU RX signals.

The timing on the first hop (from IAB-donor DU) link can be identical to Case#1 timing. Also, the OTA synchronization and T_delta signaling will apply. At the IAB-node, as the child link UL timing (TA control) will differ from Case#1 due to time alignment with MT RX, adjusted UL timing should be taken into account in the T_delta value signaled to the child IAB node(s). As can be seen in Fig.2, the RX/TX switching gap at the parent node could be negative. However, as discussed above, this could be eliminated with proper TA adjustment to achieve alignment between the RX signals. while guaranteeing sufficient switching gap being larger than the TA offset. By this the value range of T_delta specified in Rel.16 is still valid.

Observation 2: Rel.17 T_delta signalling and its value range can be used with Case#7 timing.

Regarding the TA control Alternatives 1-3 for Case#7 timing, basically all three could work. Alt.1 and 3 would need new signaling to be specified whereas the Alt.2 would require suitable behavior for the IAB node.
Proposal 2: Alternatives for Case #7 timing control, discussed during the SI phase, can be taken as the basis for possible Rel.17 timing enhancement.

2.3	CLI scenarios
In the study item stage, several CLI scenarios were identified and captured in the following agreement, 
Agreements:
· CLI mitigation techniques including advanced receivers and transmitter coordination should be studied and prioritized in terms of complexity and performance.
· CLI mitigation techniques should be able to manage the following inter IAB node interference scenarios:
· Case 1: Victim IAB node is receiving in DL in the backhaul link, interfering IAB node is transmitting in UL in the backhaul link.
· Case 2: Victim IAB node is receiving in DL in the backhaul link, interfering IAB node is transmitting in DL in the access link.
· Case 3: Victim IAB node is receiving in UL in the access link, interfering IAB node is transmitting in UL in the backhaul link.
· Case 4: Victim IAB node is receiving in UL in the access link, interfering IAB node is transmitting in DL in the access link.
· Note: In this case access links include links to and from the IAB node to child IAB nodes and UEs which are served by the IAB node
· CLI measurements such as short-term and long-term measurements, and multiple-antenna and beamforming-based measurements should be studied to enable CLI mitigation in IAB.
· Mechanisms for inter IAB node CLI measurement need to be able to capture Cases 1-4. 

Figures 3 (a) and (b) illustrate few possible CLI scenarios with IAB node operating in FDM mode, i.e. both IAB-MT and IAB-DU either transmit or receive at the same time. BH and access channels can be separated in frequency domain.
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(a)       			                     (b)
Figure 3: (a) FDM MT-TX/DU-TX scenario (b) FDM MT-RX/DU-RX scenario

[bookmark: _Hlk31013357]As shown in the figures above, the CLI may occur within the child node/access UEs that IAB node and the parent node are serving (the same may apply to the neighboring IAB nodes or access UEs). As our focus should be using IAB framework to minimize/avoid CLI scenarios, the discussion should not be extended to general CLI scenarios which should be looked with a different work item scope. This is somewhat mentioned in the following agreement, which was made during SI stage, 
Agreements:
· MT-to-DU, MT-to-MT and DU-to-DU, and DU-to-MT CLI measurements and required measurement coordination/configuration should be supported including the following aspects:
· CLI measurements can be made based on existing RS (e.g. CSI-RS/SRS/DMRS)
· Enhancements to RS configuration for CLI measurements and transmission timing can be considered in the WI phase
· Rely on solutions developed in the CLI WI as a baseline and enhance if needed for IAB-specific aspects:
· Time/frequency resource configuration for measurements across multiple hops 
· Inter IAB-node Tx/Rx beam sweeping and selection
· Taking DU/MT power control into account in the CLI measurements

In order to improve IAB specific measurement coordination/configuration, IAB nodes shall have some level of understanding on resources they use and nodes they serve. Even though proper coordination of TX and RX is supported between the parent and IAB nodes within Rel-16 IAB framework, handling of the CLI was not considered. One main problem is that the IAB node has no knowledge about the parent (or other neighboring nodes) which are serving other access UEs/Child nodes with the same radio resources. 
When the same resources are used by the parent and IAB node to serve access UEs/child nodes, CLI scenarios can occur, and victim UEs/IAB nodes may experience different levels of CLI from each other depending on the CLI scenario. Rel-16 IAB support parent node to receive child DU resource configurations (D/U/F and H/S/NA resources via F1-AP) and child node’s cell-specific channel/signals (SSB, RACH, CSI-RS, SR). However, there is no support on the other way around. 
We think that the knowledge of the parent link configuration at the child node can help in preventing CLI scenarios or measuring possible CLI coming from other nodes. With a simple signaling enhancement, for example, if the IAB node is configured to be made aware of the semi-static DU resource configuration (D/U/F/H/S/NA) and cell-specific channels (CSI-RS/SRS) of its parent IAB node, the IAB node may use the received information in one or more steps below,  
· Configure any CSI-RS/SRS measurement to estimate the CLI at the victim child nodes. 
· Schedule transmissions in a more robust manner by adjusting MCS, the number of repetitions, etc. for a victim child node.  
· Schedule the transmission in different resources to avoid CLI for a victim node. 



Proposal 3: An IAB node can be configured to be made aware of the semi-static DU resource configuration (D/U/F/H/S/NA) of its parent IAB node(s) and neighboring nodes. 
3	Conclusions
In this contribution we have discussed enhancement areas enabling SDM/FDM operation, particularly the timing options, as well as potential enhancements for CLI reduction. In summary, the following observations and related proposals are noted.

[bookmark: _GoBack]Observation 1: Case#7 timing can apply the same principles as Case#1 with the exception to consider possible negative values of TA. This could be compensated with proper TA control on the child link(s) to reach symbol alignment of MT and DU RX signals.

Observation 2: Rel.17 T_delta signaling and its value range can be used with Case#7 timing.

Proposal 1: Alt.2 timing control shall be supported for Rel.17 IAB with Case#6 timing.

Proposal 2: Alternatives for Case #7 timing control, discussed during the SI phase, can be taken as the basis for possible Rel.17 timing enhancement.
Proposal 3: An IAB node can be configured to be made aware of the semi-static DU resource configuration (D/U/F/H/S/NA) of its parent IAB node(s) and neighboring nodes. 
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