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1	Introduction
In the previous meetings, RAN1 has made the following agreements:Agreements (RAN1 #98) [2]:
· According to RAN1 #96bis agreement, whether T_delta is a “target value” or an “actual value” is up to parent node implementation.   
· For the TA and T_delta in (TA/2+T_delta), to down-select:
· Opt-A: T_delta is given by the latest T_delta signaling, and TA is the current time interval at the IAB node between the start of UL TX frame i and the start of DL RX frame i, which is updated with the received TA command per Rel-15. 
· Opt-B: T_delta is given by the target T_delta signaling, and TA is an average of timing advance intervals (e.g., TA1, TA2, TA3…) updated by a series TA commands. 
· Once down-selected, further discuss how to reflect it in RAN1 specs
Agreements (RAN1 #97) [1]:
In Rel-16, an IAB node is not expected to receive T_delta when the IAB node MT is not in RRC_Connected mode. 
Proposals:
TA in (TA/2+T_delta) equals to the most recent time interval at the IAB node between the start of UL TX frame i and the start of DL RX frame i once T_delta is received.
· FFS whether or not additional information is necessary to convey to RAN4 for related performance requirements.  
Discuss till next meeting
Proposal:
Choose one of following signalling solutions to indicate T_delta to IAB node.
· Alt-1: MAC-CE 
· Alt-2: RRC 
Discuss till next meeting


In this paper, we discuss the options for T_delta and how it is used for IAB synchronization. Also, we analyse the impact of UL TX error and how it is affecting the synchronization error.

2	Discussion
[bookmark: _Hlk20829775]2.1	Background for the IAB timing
Figure 1 illustrates the behaviour for the relative timing of the IAB node and its parent, showing also the IAB node UL TX error, Te.
[image: ]
[bookmark: _Ref12279871]Figure 1: RX/TX timing of the IAB node and the parent node

For the access UE, the specifications allow error in the UL TX timing w.r.t to the timing based on TA commands. The parameter Te specifies the maximum allowed error in the UE UL timing. Whenever the error exceeds Te, UE shall autonomously start shifting the timing towards the desired timing, i.e. to be within +/-Te, according to specified rules for max/min pace and step size, see 7.1.2 in [3]. We may assume similar error also be there at the IAB node UL TX timing due to changes in the radio propagation (e.g. due to beam change) and offset in the local clock reference.
For the access UE behaviour, TS 38.213 [4] states the following:

If the received downlink timing changes and is not compensated or is only partly compensated by the uplink timing adjustment without timing advance command as described in [10, TS 38.133], the UE changes  accordingly. 
This means that the UE is allowed to modify the actual NTA it is using for UL TX timing if/when the TA control is not following the changes in the radio channel. Possible UE autonomous modification for NTA is not known to the serving node. Applying Rel.15 specifications in the IAB-MT, we may assume autonomous adjustments of the used TA value also between TA commands.
TAref in Figure 1 is referring to the updated TA value at the time when a new TA command was received. The actual TA for UL TX can differ from TAref due to autonomous adjustments as described above. 
Furthermore, TS 38.133 [5] specifies:
When the transmission timing error between the UE and the reference timing exceeds Te, the UE is required to adjust its timing to within Te. The reference timing shall be [image: ] before the downlink timing of the reference cell.
This requirement aims to guarantee that the UL TX error is kept within the limits that can be coped at the UL reception. The reference time should be updated with the “current value” of TA also in case a new T_delta is received, as discussed below.
[bookmark: _Hlk16667045]Observation 1: One needs to distinguish TAref from TA as a timing reference for IAB DL timing where TAref refers to the updated value of TA when a new TA command (and/or T_delta) was received.
The question is, therefore; how to define the IAB node behaviour when there is a deviation in the UL TX timing. A straightforward option would be to set TAref (as defined above) as the TA value at the time TA command is received. Hence, TAref would be constant between the timing advance commands.
In the next section, we analyse the timing options discussed in RAN1#98.

2.2	Discussion on the timing options
In RAN1 #98 meeting, two options to calculate (TA/2 + T_delta) were agreed as:
· Opt-A: T_delta is given by the latest T_delta signaling, and TA is the current time interval at the IAB node between the start of UL TX frame i and the start of DL RX frame i, which is updated with the received TA command per Rel-15. 
· Opt-B: T_delta is given by the target T_delta signaling, and TA is an average of timing advance intervals (e.g., TA1, TA2, TA3…) updated by a series TA commands. 
Furthermore, as per the earlier agreement, T_delta could be a “target value” of an “actual value”, and this was regarded as an implementation choice. The former one would be applicable with Opt-B but in principle could be used with Opt-A as well. However, the usage of “actual value” was the basic assumption for T_delta with Opt-A.
IAB operation using Opt-A and “actual value” of T_delta:
Using TA commands, the parent node adjusts the UL RX timing to be closest possible to the intended RX/TX switching gap. The accuracy of the UL timing depends on the TA resolution. In a static situation, the deviation from the intended timing is max half of the TA command resolution. TA resolution is not sufficient for DL synchronization and signalled T_delta would provide additional information for more accurate timing derivation for the IAB-DU. 
	Note, that RAN4 has agreed that the T_delta granularity shall be finer than that of the TA command.
Behaviour when receiving TA command and T_delta:
· TA and T_delta received together: When the parent node detects the need to change the UL timing, it determines a new TA command and calculates the new T_delta assuming the new TA value is used at the IAB-MT. By this, the IAB node can apply received new TA and T_delta values to the IAB-DU timing. This would be also aligned with the agreement with the interpretation that “current” in this case would refer to TA value for which T_delta was calculated, i.e. the TA value updated with TA command.
· T_delta received without TA command: T_delta is derived based on actual UL timing which may have been affected by UL TX error and/or autonomous TA adjustments. Therefore, received T_delta shall be used together with the actual, i.e. “current”, value of TA when calculating (TA/2+T_delta). If the TA is adjusted (to a different TA than the reference TA timing) by the MT prior to receiving T_delta, the exact calculation of (TA/2 +T_delta) may not be correct. However, the DU may take that into account when using that calculated (TA/2 +T_delta) value in the DU timing adjustment. For example, the DU can discard incorrect (TA/2 + T_delta) calculations when triggering a DL timing adjustment. 

Observation 2: For Opt-A with “actual value” of T_delta, receiving TA command and T_delta together can enable accurate (TA/2 + T_delta) calculations at the IAB node. 
Observation 3: For Opt-A with “actual value” of T_delta, receiving TA command and T_delta separately may not always provide accurate (TA/2 + T_delta) calculations at the IAB node. However, the IAB DU will be aware of which (TA/2 + T_delta) calculation are incorrect and can still provide DL timing alignment with the parent. 

IAB operation using Opt-A/Opt-B and/or “target value” of T_delta:
The “target value” of T_delta means that it is fixed or at least semi-static. In this case, the (TA/2 + T_delta) calculations are based on TA control only. Also, Opt-A and “target value” can be thought as much flexible option compared to the Opt-B and “target value” as Opt-B restricts the use only with the TA averaging. In Opt-A, the IAB node could use any other filtering techniques on the calculated (TA/2 + T_delta) values before DL timing adjustment. 
As the resolution of TA commands is not intended to be improved, averaging of consecutive TA values was thought to lead to a better resolution for propagation delay estimation: T_delta could be signalled only once (or very infrequently) and in the (TA/2+T_delta) the TA shall be an average value. The following issues should be considered:
· What kind of averaging should be used to be able to cope in the scenarios with varying propagation delays e.g. due to beam switch or future IAB mobility
· How would the averaging be adapted to mobility/velocity, what would be the reliability of the adaptation
· To improve the resolution, the parent node would need to send additional TA commands 
· Uncertain forward compatibility pertaining to potential support for mobile IAB in future releases
· If the propagation delay changes, the averaging delays reaching the correct value of TA for DU timing.
Observation 4: The proposed averaging of TA values would cause several issues with Opt-B using the “target value” of T_delta. Opt-A using “target value” of T_delta would have the same issues as in Opt-B.
Proposal 1: RAN1 is asked to confirm the behaviour of parent and child nodes described above when deriving T_delta (at the parent node) and using signalled TA and T_delta (at the child node) for IAB-DU timing adjustment.
As a conclusion from the analysis of the two timing options, unambiguous behaviour can be defined for Opt-A in cases where TA and T_delta are signalled together or separately. Using the “actual value” of T_delta, Opt-A does not seem to have similar forward compatibility issues that are foreseen with Opt-B. The usage of “actual value” of T_delta with fine granularity (finer than TA, as agreed in RAN4) would also meet the requirements for the synchronization accuracy, which would become an issue with the solutions relying on averaging of TA values. Opt-A, using primarily the “actual value” of T_delta would, therefore, seem a preferred solution. Based on the above, we would propose:
Proposal 2: It is proposed to take Opt-A, using preferably the “actual value” of T_delta, as the basis for the definition of IAB synchronization.

2.3	Signaling of T_delta
The main alternatives for T_delta signalling are either to use L2 control signalling (MAC-CE or potentially BAP control if specified) or RRC signalling. The former option would be logical in the sense that the signalling would be between the parent and child nodes. Further, it would be aligned with TA signalling and can be considered as a future proof solution for potential support of mobile IAB where the TA (and T_delta) may be sent more frequently (due to changing propagation delay). The concern with MAC-CE (or BAP) has been that the signalling with current specification would be un-protected. This is a topic more for RAN2 to discuss and agree upon. 
The usage of RRC signalling with Opt-A, on the other hand, would need additional signalling of timing parameters over the ancestor BH links up to the IAB-donor involving all the IAB nodes in a relaying path. Then also the actual update, carrier by RRC, goes over the F1* between the IAB-donor and the access IAB node. The timing of TA commands and T_delta updates over RRC would become non-deterministic, and it would not be clear how to reach consistency between the parameter values. 
Observation 5: Usage of RRC for Opt-A would involve all IAB nodes in the IAB chain up to IAB-donor. Consistency with TA and T_delta may be difficult to guarantee.
The RRC would be suitable for Opt-B where the T_delta would be fixed (or semi-static) and the synchronization accuracy would be achieved by averaging of TA values. The benefit of RRC would be the existing protection for the T_delta signalling. The signalling is beyond RAN1 scope and up to RAN2 to agree.
Observation 6: The decision of the protocol layer to be used for T_delta signaling is beyond the scope of RAN1.

3	Conclusions
In this document, we have analysed the T_delta and TA signalling and what should be the IAB node behaviour. In the analysis covering both timing options Opt-A and Opt-B, we made the following observations: 
Observation 1: One needs to distinguish TAref from TA as a timing reference for IAB DL timing where TAref refers to the updated value of TA when a new TA command (and/or T_delta) was received.
Observation 2: For Opt-A with “actual value” of T_delta, receiving TA command and T_delta together can enable accurate (TA/2 + T_delta) calculations at the IAB node. 
Observation 3: For Opt-A with “actual value” of T_delta, receiving TA command and T_delta separately may not always provide accurate (TA/2 + T_delta) calculations at the IAB node. However, the IAB DU will be aware of which (TA/2 + T_delta) calculation are incorrect and can still provide DL timing alignment with the parent. 
Observation 4: The proposed averaging of TA values would cause several issues with Opt-B using the “target value” of T_delta. Opt-A using “target value” of T_delta would have the same issues as in Opt-B.
Observation 5: Usage of RRC for Opt-A would involve all IAB nodes in the IAB chain up to IAB-donor. Consistency with TA and T_delta may be difficult to guarantee.
[bookmark: _GoBack]Observation 6: The decision of the protocol layer to be used for T_delta signaling is beyond the scope of RAN1.
We are proposing the following:
Proposal 1: RAN1 is asked to confirm the behaviour of parent and child nodes described above when deriving T_delta (at the parent node) and using signalled TA and T_delta (at the child node) for IAB-DU timing adjustment.
Proposal 2: It is proposed to take Opt-A, using preferably the “actual value” of T_delta, as the basis for the definition of IAB synchronization.
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