[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: _Ref452454252]3GPP TSG-RAN WG4 Meeting #101-bis-e	R4-2201849
Electronic Meeting, January 17-25, 2022

Source:	Nokia, Nokia Shanghai Bell 
Title:	On IAB Enhanced RRM Requirements
Agenda item:	6.17.3, NR_IAB_enh-Core
Document for:	Discussion

Introduction
At the previous RAN4#101-e meeting it was discussed that Case#6 timing and CLI might have an impact on IAB Rel-17 RRM requirements [1]:
	On Case 6 Timing
Option 1: Wait for further RAN1 agreements related to OTA timing synchronization mechanism for Case # 6 timing before drawing final conclusions on the RRM impact.
Option 2: Reflect the difference between Case#1 and Case#6 timing in TS 38.174.

CLI
Option 1:  RAN4 needs to define CLI measurement requirements subjecting to RAN1/2 design on mechanisms for assisting simultaneous operations.
Option 2: For CLI measurements by IAB-MT, no RRM requirements need to be specified.




Therefore, in this contribution, we continue the discussion of a need for specification changes in relation to the two issues above.
Regarding the Case#6 timing, we do not see a necessity to introduce any new RRM requirements. However, we think that it is beneficial to state explicitly that IAB-MT UL timing requirements in TS 38.174 are applicable to Case#1 timing.
Regarding the CLI, based on the RAN1 agreements, we conclude that no new RRM requirements are needed.

Discussion
On Case#6 timing RRM requirements for IAB_enh
In our previous contribution [2], we carried out detailed analysis of existing RRM UL timing requirements in RAN4, and compared the baseline (i.e., Case#1 from Rel-16) and Case#6 synchronization schemes.
At RAN4#101-e meeting, new Case#6 timing related RAN4 RF requirements have been discussed [3]:
	Case#6 timing: Timing error between own MT TX and DU TX
· Agreement on baseline assumption: Introducing RF requirements for Timing error between own MT TX and DU TX should be defined for case#6 timing
· Pending on further checking whether existing cell phase sync requirements already cover above timing error
· Further check the timing error tolerance between the parent IAB-DU node and child IAB-MT
· With above baseline assumption confirmed FFS on: 
· reference condition for this requirement 
· error requirement with below Alts 
· Alt1: 3us
· Alt2: cyclic prefix length of largest supported SCS
· Alt3: value as SCS dependent



It is agreed in RAN4 that RF requirements for Timing error between own MT TX and DU TX should be defined for Case#6 timing. The discussion is still ongoing.

Additionally, since the previous RAN4#101-e meeting the following new agreements were achieved in RAN1 on Case#6 timing [3]:
	
· RAN1#106-bis-e:
· Enhancements to resource multiplexing between child and parent links of an IAB node
· Agreement
The MAC-CE signaling of Desired/Provided Guard Symbols is enhanced to optionally indicate the number of guard symbols required for switching between at least the following cases:
· Case#6 MT Tx and [Case #7] DU [Tx]/Rx
· Case#7 MT Tx (to support Case #7 at parent node) and DU Tx/Rx
· Other enhancements for simultaneous operation of IAB-node’s child and parent links
· Agreement
The desired IAB-MT’s UL PSD range, provided by the IAB-MT to its parent-node, is indicated to be associated with some combination (one or multiple) of the following IAB-node’s configurations:
· Multiplexing mode, 
· MT’s UL beam (e.g., SRI id), 
· (MT CC, DU cell) pair,
· DU resource configuration
· FFS: slot index
· FFS: timing mode (e.g., Case-6 timing)
· Agreement
RAN1 to downselect in RAN1#107-e one of the following for an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode:
· Alt 1: no change or enhancement to the Rel-16 OTA synchronization specification is supported in Rel-17 for Case 6 timing.
· Alt 2: in Rel-17 the Rel-16 OTA synchronization specification is updated to support OTA synchronization for an IAB-node operating solely in Case 6 timing during IAB-MT Tx. 
· FFS range of T_delta.
NOTE: this is to provide a feasible solution to the RAN1#103-e agreement: “An IAB-node can rely on an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode”


· RAN1 #107-e
· Enhancements to resource multiplexing between child and parent links of an IAB node
· Agreement
An IAB-MT is provided with a Timing Case Indication via MAC-CE that explicitly indicates a list of slots and their associated UL TX timing cases (i.e., one of {Case 1, Case 6, Case 7} for each slot).
· Agreement
A child IAB-MT can inform a parent node via MAC-CE whether Case 6 timing is required for simultaneous operation.
· Agreement
The following RAN1#106bis-e agreement is updated.
The MAC-CE signaling of Desired/Provided Guard Symbols is enhanced to optionally indicate the number of guard symbols required for switching between at least the following cases:
· Case#6 MT Tx and [Case #7] DU [Tx]/Rx
· Case#7 MT Tx (to support Case #7 at parent node) and DU Tx/Rx
· A: Case #6 MT TX to/from Case #1 DU RX
· D: Case #7 MT TX (to support Case #7 at parent node) to/from Case #1 DU RX
· G: Case #7 MT TX (to support Case #7 at parent node) to/from Case #1 DU TX
· (Working Assumption) H: Case #6 MT TX to/from Case #1 DU TX
· Other enhancements for simultaneous operation of IAB-node’s child and parent links
· Conclusion
In Rel-17 there is no specification support for the indication of “timing mode” in the desired/provided DL TX power adjustment or the desired UL PSD range indication.
· Note: This does not prevent the indication of case 6 timing mode and UL PSD range as separate conditions to enable a given multiplexing case.
· Agreement
Select Alt 2 from the aforementioned RAN1#106b-e agreement without specification impact other than the following:
· Alt A: the T_delta range is updated to support Case 6 timing.
FFS: Update of one way delay estimation equation in TS38.213 subclause 14




No further discussions are expected in RAN1 for IAB_enh WI [3]:
	2.1.2	Remaining Open issues 
100% of the items defined in the RAN1 WID objectives have been accomplished. 



From the latest RAN 1 agreements above it follows that Rel-16 OTA synchronization mechanism is sufficient for IAB Rel-17, except that the T_delta range needs to be updated to support Case 6 timing. Additionally, it was agreed that a MAC-CE will explicitly indicate a list of slots and their associated UL TX timing cases, i.e., Case 1, Case 6, or Case 7.
Therefore, RAN1 specification changes related to the support of Case#6 timing are minimal, and it is explicitly indicated which timing scheme is used in each slot.
Taking into account the previous RAN1 agreements:
	· RAN1#102-e:
· Case 6 timing is supported in Rel-17 for IAB-nodes operating in multiplexing scenario Case 1 (simultaneous MT-Tx/DU-Tx)
· RAN1#103-e:
· An IAB-node can rely on an OTA timing synchronization mechanism to enable/maintain Case 6 timing mode
· RAN1#106-e:
· For Case 6 timing at a given IAB-node, the IAB-MT Tx timing is set by the node to the timing obtained for the node’s DL Tx.


we can observe that

a. At the last RAN1#107-e meeting, all of the RAN1 WID objectives were fulfilled.
b. Case#6 timing is supported in Rel-17 and can rely on an OTA timing synchronization mechanism.
c. The only RAN1 specification impact is that T_delta range is updated to support Case 6 timing.
d. IAB-MT is provided with a Timing Case Indication via MAC-CE i.e., one of {Case 1, Case 6, Case 7} for each slot.

Finally, we would like to notice that cell phase synchronization accuracy is already for IAB-DUs was already defined in IAB Rel-16 TS 38.174, Clause 12.2.4.2:
	The cell phase synchronization accuracy measured at IAB DU antenna connectors shall be better than 3 µs.



The cell phase synchronisation accuracy for IAB-DUs is already specified in TS 38.174, Clause 12.2.42.

As far as timing error between own MT TX and DU TX should be defined by RAN4 RF (Observation 1), minor specification impact is identified in RAN1 (Observation 2), and IAB-DU synchronization accuracy is already defined (Observation 3) we do not see reasons to have any new requirements on top of already existing IAB RRM requirements defined in Rel-16 for Case#6 timing scheme.
RAN4 not to introduce any new RRM requirements for Case#6 timing scheme.

In general, the intention of Case#6 timing is to facilitate IAB-node internal operation for simultaneous transmission by aligning the timing of IAB-MT Tx signals with the timing of IAB-DU Tx signals. As per RAN1 agreement, IAB-MT TX timing is obtained from the IAB-DU TX. Furthermore, the OTA synchronization is supported in Case#6 timing by the extension of T_delta values. The parent node determines T_delta value the same way as in Case#1 timing only that the values of T_delta will be different (disjoint ranges of values for Case#1 and Case#6). The synchronization of a child IAB can be acquired also from other source than parent IAB-node, e.g., from integrated GNSS clock. The agreement to have explicit indication from the parent when Case#6 timing is used is aligned with this assumption.
In Case#6 scheme, the IAB-MT UL Tx is set by the node to the timing obtained for the node’s DL Tx, i.e., it is not based directly on the first detected path (in time) of the corresponding downlink frame from the reference cell.

At the same time, looking at the way how the IAB-MT transmit timing RRM requirements are formulated in the Clause 12.2.1 or TS 38.174, one can notice that only legacy Timing Adjustment (TA) based IAB-MT UL synchronization mechanism is considered. These requirements are relevant to Case#1 timing scheme but are not applicable for Case#6 timing.
Current IAB-MT transmit timing requirements in TS 38.174, Clause 12.2.1 cover only legacy TA-based mechanism, i.e., when IAB-MT timing is controlled by timing adjustment command from the parent node.

RAN4 to reflect in TS 38.174, that exiting IAB-MT transmit timing requirements are applicable to Case#1 timing only.

Our proposal on a possible change in the TS 38.174 can be found in the accompanying TP [4].

On CLI RRM requirements for IAB_enh
We start the analysis with the collection of RAN1 agreements related to the CLI:

	· RAN1#102-e [RP-201758]:
· Agreements on support for duplexing enhancements:
· IAB-specific CLI management should be considered in Rel-17. The specific scenarios should be first defined in RAN1 and potential enhancements should take the existing Rel-16 CLI measurements/signaling as the starting point.
· Wait for RAN1 on SDM/FDM support

· RAN1#103-e [RP-202344]:
· Agreement
Use the Rel-16 interference management frameworks (e.g. CLI, RIM) to handle IAB interference scenarios, and discuss if any of the following enhancements are needed (not an exhaustive list):
· FFS: extend the information exchange (e.g. the resource configuration, result of CLI measurements, etc.) among different entities (e.g. between parent-child nodes, adjacent IAB nodes, between network and IAB-node, etc.)  
· FFS: required enhancements on CLI measurement accuracy (e.g. via timing adjustment, etc.)
· FFS: required enhancements on CLI measurements (e.g. introducing short-term measurements, multi-beam measurements, etc.)

· RAN1#104-e [RP-210757]:
· Agreement
RAN1 to select among the following options to support DU-to-DU measurement and report.
· For DU-to-DU CLI measurement:
· Option 1.1. no specific mechanism is specified (e.g., it is handled by the implementation, or the available techniques)
· Option 1.2. enhanced legacy DU-based measurement procedures (e.g., enhanced Rel-16 RIM)
· Option 1.3. enhanced MT-based measurements (e.g., MT-based CLI, MT RRM measurements)
· For DU-to-DU CLI report:
· Option 2.1. no specific mechanism is specified (e.g., it is handled by the implementation, or the available techniques)
· Option 2.2. enhanced legacy DU-based report (e.g., enhanced Rel-16 RIM)
· Option 2.3. enhanced MT-based report (e.g., MT-based CLI, MT RRM measurements)

· RAN1#105-e [RP-211199]:
· Agreement
In case of simultaneous MT/DU operation, 
· the parent node can dynamically indicate to the child node at least a set of restricted beams at the IAB-DU of the child node
· the child node can dynamically report to the parent node a set of recommended beams, not preferred beams, or both recommended and not preferred beams of the IAB-MT of the child node
· FFS: Whether the specification supports all reporting combinations.
· FFS: Applicability to specific multiplexing cases or specific time-frequency resources
· FFS: Additional semi-static signaling 
· FFS: Per-panel granularity in addition to per-beam granularity
· FFS: Relationship between child IAB-MT beam indication and parent IAB-DU beam indication
· Note: This does not preclude any enhancements for either DU or MT-based CLI measurement and reports
· Agreement
Rel-16 CLI coordination signalling (Intended TDD DL-UL Configuration) is extended to support IAB specific UFD patterns.
· FFS: Support the exchange of IAB-DU H/S/NA resource configuration information among neighbouring IAB-nodes/IAB-donors for CLI management purposes.

· RAN1#106-e [RP-211767]:
· Agreement
For the support of DU-to-DU measurement and report:
· For DU-to-DU CLI measurement:
· Option 1.1. no specific mechanism is specified (e.g., it is handled by the implementation, or the available techniques)
· For DU-to-DU CLI report:
· Option 2.1. no specific mechanism is specified (e.g., it is handled by the implementation, or the available techniques)

· RAN1#106-bis-e [RP-212810]:
· Conclusion
RAN1 does not discuss further proposals for IAB interference management enhancements in 8.10.2.




The topic of interference management was generally covered already in Rel. 16 WI related to Cross-Link Interference (CLI). Based on the RAN1 agreements listed above, the intention is to use the Rel-16 interference management frameworks (e.g., CLI, RIM) to handle IAB interference scenarios. The only enhancement is that Rel-16 CLI coordination signaling (Intended TDD DL-UL Configuration) is extended to support IAB specific UFD patterns. Therefore, we are not expecting any RRM impact on interference management in IAB Rel.17.
Rel-16 interference management frameworks (e.g. CLI, RIM) is used to handle IAB interference scenarios in Rel-17. The only agreed enhancement in RAN1 is that coordination signalling (Intended TDD DL-UL Configuration) is extended to support IAB specific UFD patterns. DFU patterns were already present in the Rel-16 IAB specifications without any impact on RAN4 RRM requirements.
For CLI measurements by IAB-MT, no new RRM requirements need to be specified.

Conclusion
In this contribution we have analyzed the potential impacts of a new Case#6 timing and interference management in IAB Rel-17 on RRM requirements. The following observations and proposal are made:
On Case#6 timing RRM requirements:
1. It is agreed in RAN4 that RF requirements for Timing error between own MT TX and DU TX should be defined for Case#6 timing. The discussion is still ongoing.

a. At the last RAN1#107-e meeting, all of the RAN1 WID objectives were fulfilled.
b. Case#6 timing is supported in Rel-17 and can rely on an OTA timing synchronization mechanism.
c. The only RAN1 specification impact is that T_delta range is updated to support Case 6 timing.
d. IAB-MT is provided with a Timing Case Indication via MAC-CE i.e., one of {Case 1, Case 6, Case 7} for each slot.
The cell phase synchronisation accuracy for IAB-DUs is already specified in TS 38.174, Clause 12.2.42.
1. RAN4 not to introduce any new RRM requirements for Case#6 timing scheme.
In Case#6 scheme, the IAB-MT UL Tx is set by the node to the timing obtained for the node’s DL Tx, i.e., it is not based directly on the first detected path (in time) of the corresponding downlink frame from the reference cell.
Current IAB-MT transmit timing requirements in TS 38.174, Clause 12.2.1 cover only legacy TA-based mechanism, i.e., when IAB-MT timing is controlled by timing adjustment command from the parent node.
RAN4 to reflect in TS 38.174, that exiting IAB-MT transmit timing requirements are applicable to Case#1 timing only.

On CLI RRM requirements:
Rel-16 interference management frameworks (e.g. CLI, RIM) is used to handle IAB interference scenarios in Rel-17. The only agreed enhancement in RAN1 is that coordination signalling (Intended TDD DL-UL Configuration) is extended to support IAB specific UFD patterns. DFU patterns were already present in the Rel-16 IAB specifications without any impact on RAN4 RRM requirements.
For CLI measurements by IAB-MT, no new RRM requirements need to be specified.
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