
[bookmark: page1]3GPP TSG-RAN WG4 Meeting #102-e	R4-2206044
Electronic meeting, 21 February – 3 March 2022

Source:	Nokia, Nokia Shanghai Bell
Title:	Discussion on timing error for eIAB
Agenda item:	10.17.2.2
Document for:	Approval

1 Introduction
RAN4#101bis-e meeting continued discussion on new requirements for Rel-17 eIAB due to new different IAB timing cases supported compare to Rel-16. In this contribution we continue discussion of IAB timing error between IAB-DU and IAB-MT. 
2 Discussion
During RAN4#101bis-e meeting following WF on timing case#6 was agreed in [1]. Following are agreements on timing case#6:
Timing error between intra-node MT TX and DU TX for case#6
Candidate options:

Option 1: To specify TAE between IAB-MT and IAB-DU in timing case #6 
The requirement value is min (3us , 4.69 / (SCS/15 kHz) µs).
Option 2: No TAE between IAB-MT and IAB-DU
Agreement: 

RAN4 will make final decision on February RAN4 meeting.  
Timing error between parent IAB DU and Child IAB for case#6
Agreement:
This is out of RF scope. No specific requirements will be specified from RF requirements aspect. 

Time alignment error (TAE) requirements between transmissions are specified for base stations (BSs) for carrier aggregation (CA) and multiple-in-multiple-out (MIMO) operation, e.g. in NR in TS 38.104, and also for user equipment’s (UEs) in case of MIMO transmissions in TS 38.101-1 and 38.101-2. However, the TAE requirements are specified between two simultaneous DL transmissions for BS, and between two simultaneous UL transmissions for UE.
In timing case #6 IAB-MT transmissions are aligned with IAB-DU transmissions. DL transmission time alignment in TDD networks is further specified by cell phase synchronization requirement defined in TS 38.133, the requirement being 3us. The requirement is set to avoid harmful cross-link interference in cases where neighbouring cells would have different UL-DL switch point. Following the same principle, there needs to be an accuracy requirement to align IAB-MT transmission with IAB-DU transmission in timing case #6, as otherwise there is negative impact to co-existence between different nodes operating in the same area. With no requirement for TAE, the timing error between IAB-MT and IAB-DU of same IAB-Node will not be limited for case#6 timing and following case#6 timing is not verified.
Observation 1: With no TAE requirement for intra-node IAB-MT and IAB-DU Tx there will be no limitation on the timing error in RAN4 specifications and timing case #6 operation will not be verified.
The requirement is needed independent of IAB-MT and IAB-DU RF configurations, i.e. whether they use the same antenna array or operate in FDM or SDM mode. All these aspects should be considered in the IAB Rel-17 new timing error requirements and test methodology to ensure IAB which pass the conformance testing will provide satisfactory performance in real-life deployment. Performance details can be further discussed in conformance part of work item, but they should not impact on defining the core specifications.
Observation 2: Conformance testing details can be further discussed in conformance part of work item, but they should not impact setting the core requirement.
There were concerns raised that such TAE requirement may impact implementation of IAB-DU. However, this should not be an issue as IAB-DU has full control on whether to configure timing case #6 in the field. If the TAE requirement cannot be met, the feature should not be supported nor configured. Additionally, if requirements are not specified and therefore do not exist to provide a design guideline, designing IAB-DU receiver becomes very challenging as there is no expectation on in which range the IAB-MT timing could be.
Observation 3: IAB-DU has control whether to configure case#6 timing in the field.
Observation 4: Without standardized requirements providing a design guideline, receiver needs to prepare for any possible timing and design becomes very challenging.
There was also misunderstandings what is the difference between timing error RF requirements and cell phase synchronization RRM requirements. One very clear difference is that timing error requirement is reference to the same physical entity (IAB-Node) whereas RRM cell phase synchronization looks at two different entities (two different BS or parent/child IAB-DU).
Observation 5: Timing error requirements apply for single IAB-Node where as RRM cell phase synchronization applies between parent and child IAB-DU.
The timing error between IAB-DU and IAB-MT simultaneous transmission may be defined in core specification as the average frame timing difference between any two transmissions on IAB-DU and IAB-MT on different transmit antenna connectors or different physical antenna ports. 
Proposal 1: Consider IAB timing error between IAB-DU and IAB-MT as the average frame timing difference between any two transmissions on IAB-DU and IAB-MT on different transmit antenna connectors or different physical antenna ports.
IAB timing error between IAB-DU and IAB-MT can be measured as the timing difference between the different PDSCH demodulation reference signals (DM-RS) on different antenna ports belonging to different connectors or different beams on the carrier(s) from the representative connectors or beams under test.
As IAB-DU and IAB-MT transmissions have different intended receiver, i.e. MT transmissions target the next-hop parent-node whereas DU transmissions target the next-hop child node or UE, the time alignment does not need to consider receiving both signal simultaneously. As a starting point, in [2] during RAN4#101-e  meeting we proposed 3us for timing error requirement between IAB-MT and IAB-DU transmissions seemed reasonable: it sets an upper limit on CLI impact but is not excessively stringent.
Using 3 us as a requirement would be sufficient when interference towards other network nodes is considered, but may not be sufficient for intra-node performance. In case timing difference is greater than cyclic prefix length, there may be a glitch in signal quality when transmissions are ramped up/down. Therefore, it is proposed to consider smaller value from 3us (Alt 1) and cyclic prefix length of largest supported SCS (Alt 2) for IAB timing error requirement between IAB-MT and IAB-DU transmissions for both SDM and FDM operation when case #6 timing is used.
For 15 kHz subcarrier spacing cyclic prefix is longer than 3 us and therefore for 15 kHz SCS it would be still necessary to set the limit to maximum 3us.
Proposal 2: It is proposed to use Option 1 i.e. To specify TAE between IAB-MT and IAB-DU in timing case #6. The requirement value is min (3us , 4.69 / (SCS/15 kHz) µs). 
As every core requirement specified in RAN4 core technical specification should be verified by measurements specified in conformance test specification, also possible newly introduced IAB timing requirement between IAB-DU and IAB-MT have to be included in conformance specifications.
Proposal 3: Specify clearly new test configuration(s) and test model(s) to verify IAB timing error between IAB-DU and IAB-MT transmission for both SDM and FDM operation when case #6 timing is used.
Below there is presented a text proposal for IAB core specification TS 38.174 with new requirement definition for IAB timing error between IAB-DU and IAB-MT.  
<TP example to IAB core specification for new IAB timing error to TS 38.174>
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<Next addition to TS 38.174>
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When the indicated IAB-MT transmission timing mode is set to ‘Case6’ as specified in 3GPP TS 38.213 [10] and IAB-DU and IAB-MT of the same IAB-Node are transmitting in the same slot, the timing error between transmission timing of IAB-DU and IAB-MT shall not exceed min (3, 4.69 / (SCS/15 kHz)) µs, where SCS is the largest supported subcarrier spacing among IAB-DU and IAB-MT.

9.6.4.2	Minimum requirement for IAB type 2-O

When the indicated IAB-MT transmission timing mode is set to ‘Case6’ as specified in 3GPP TS 38.213 [10] and IAB-DU and IAB-MT of the same IAB-Node are transmitting in the same slot, the timing error between transmission timing of IAB-DU and IAB-MT shall not exceed min (3, 4.69 / (SCS/15 kHz)) µs, where SCS is the largest supported subcarrier spacing among IAB-DU and IAB-MT.

<End of TP to TS 38.174>

3 Conclusion
In this contribution we further discuss issue of IAB timing error between IAB-DU and IAB-MT. We have made following observations and proposals and text proposal to IAB core specification TS 38.174.
Observation 1: With no TAE requirement for intra-node IAB-MT and IAB-DU Tx there will be no limitation on the timing error in RAN4 specifications and timing case #6 operation will not be verified.
Observation 2: Conformance testing details can be further discussed in conformance part of work item, but they should not impact setting the core requirement.
Observation 3: IAB-DU has control whether to configure case#6 timing in the field.
Observation 4: Without standardized requirements providing a design guideline, receiver needs to prepare for any possible timing and design becomes very challenging.
Observation 5: Timing error requirements apply for single IAB-Node where as RRM cell phase synchronization applies between parent and child IAB-DU.
Proposal 1: Consider IAB timing error between IAB-DU and IAB-MT as the average frame timing difference between any two transmissions on IAB-DU and IAB-MT on different transmit antenna connectors or different physical antenna ports.
Proposal 2: It is proposed to use Option 1 i.e. To specify TAE between IAB-MT and IAB-DU in timing case #6. The requirement value is min (3us , 4.69 / (SCS/15 kHz) µs). 
Proposal 3: Specify clearly new test configuration(s) and test model(s) to verify IAB timing error between IAB-DU and IAB-MT transmission for both SDM and FDM operation when case #6 timing is used.
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