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1. Introduction

The newest IAB WID was approved as in RP-191558 [1]. We can see that in the WID, objectives to support wireless backhaul and relay links enabling flexible and very dense deployment of NR without the need for densifying the wired transport network are listed, including RAN4 part copied as below
	· Physical layer specification [RAN1-led, RAN2, RAN3, RAN4]:

· Specification of SSB/RMSI periodicity for NR initial access assumed by an IAB-node.

· Specification of extensions to Rel. 15 to support the use of SSBs orthogonal to SSBs used for UEs (via TDM and/or FDM), for inter-IAB-node discovery and measurements, including additional SMTC periodicities and time-domain mapping of SSB locations (e.g. enable muting patterns to deal with half-duplex constraint). 

· Specification of extension of RACH occasions and periodicities for backhaul RACH resources. w.r.t. access RACH resources, and associated network coordination mechanisms for selection of such parameters (in order to orthogonalize access and BH due to the half-duplex constraints) 
· Specification of mechanisms for resource multiplexing among backhaul and access links. This includes: 

· Specification of semi-static configuration for IAB-node/IAB-donor DU resources in case of TDM operation subject to half-duplex constraint. This shall be forward compatible to allow the support of half-duplex scenarios with FDM and SDM resource sharing among backhaul and access links. 

· Specification of time resource types for the DU’s child links: DL hard, DL soft, UL hard, UL soft, Flexible hard, Flexible soft, Not Available 

· Specification of dynamic indication (L1 signalling) of the availability of soft resources for a child IAB-node DU 

· Specification of required transmission/reception rules for IAB-nodes and associated behaviours regarding time resource utilization as discussed in TR 38.874 clause 7.3.3.

· Specification of mechanism to support the “case-1” OTA timing alignment.

· Specification of RF and RRM requirements [RAN4-led]:

· Define RF requirements for both backhaul and access links of an IAB-node including requirements for co-existence (e.g. ACLR, ACS). This may include defining a new power class for MT.

· Define RRM core requirements for both backhaul and access links of IAB node.

· Define latency requirements for switching between communication over parent backhaul link (i.e. MT) and child backhaul/access links (i.e. DU).

· Define timing requirements for IAB specific network synchronization. This may include (a) requirement for “case 1” timing (e.g. accuracy of DL transmission timing alignment between an IAB-node and its parent node), and (b) cell phase synchronization accuracy for multi-hop IAB network.
· Specify EMC-related requirements for IAB-nodes.




It is highlighted in the above box that certain RRM requirements are to be defined or at least to be discussed in RAN4. Since the merge of this WID, discussions have come into being on the OTA timing alignment mechanism for this mechanism plays an important role in guaranteeing the system level synchronization when there are IAB nodes at service. RAN4 also sees great significance in having an intensive discussion on the OTA scheme and whether we should introduce any specified requirements for the IAB nodes. An initial discussion had been seen in the last meeting upon the two LS-s from RAN1 in [3] and [4]. Companies tended to focus on replying the LS while we still think the focus in RAN4 however, should be on the any requirements to be introduced for IAB node OTA timing alignment. At last a WF was approved in [2] with the following agreements.
	· Range and granularity of T_delta:
· At least the following factors need to be considered for deciding the range and granularity of T_delta:
·   Errors associated with the existing TA mechanism (in Rel-15):
· Bias in NTA.

· TA command resolution.
· The granularity of T_delta shall be finer than the granularity of TA command. 
· IAB OTA synchronization:
· Option 1: Do not specify OTA synchronization (OTA-S) accuracy for IAB node.
· Option 2: Specify OTA-S accuracy for IAB node.
· Factors impacting OTA-S accuracy need to be considered for deciding one of the options.




This paper focuses on the IAB OTA synchronization and its potential requirements, talking about several alternatives to serve IAB so as to make the feature one with optimal performance.

2. Discussion
2.1. The scheme of OTA timing alignment
OTA timing alignment
RAN1 designed the OTA timing alignment for the IAB nodes with different levels to align their DL Tx to achieve TDD cell phase synchronization from the UE’s perspective. The detailed description of the method can be found in the 2 LS-s sent by RAN1 in [3] and [4]. For this method, we need to define the IAB behavior to correctly adjust the DU DL Tx timing according to the indicated TA and T_delta values from its parent node. Additionally, we also need to specify the cell phase synchronization accuracy from the system perspective.

RAN1 agreements on the OTA timing alignment method are as follows, also partly included in the LS from RAN1 in [3],
	Agreements (RAN1 #Ad Hoc1901):

· An IAB node should set its DL TX timing ahead of its DL Rx timing by TA/2 + T_delta

· T_delta is signalled from the parent node, where the value is intended to account for factors such as the offset between parent DL Tx and UL Rx, if any due to factors such as Tx to Rx switching time, HW impairments, etc.

· TA is the timing gap between UL Tx timing and DL Rx timing, which is derived based on existing Rel-15 mechanism

Agreements (RAN1 #96):
· T_delta is indicated by a parent to the child node independently from the existing Rel.15 TA indication from the parent node used to set the UL Tx timing of the child IAB node’s MT 
· T_delta is updated on an aperiodic basis determined by the parent node

· The child IAB node should trigger its DL TX timing adjustment by TA/2 + T_delta after it receives the timing offset T_delta indication from its parent node, if it is using OTA Timing Case 1 to obtain its DL timing.

· FFS: behavior if TA/2 + T_delta results in an effective negative timing offset

· FFS: delay between receiving T_delta and application of T_delta at the child node

· Separate value ranges/granularities may be considered for T_delta in FR1 and T_delta in FR2
Agreements (RAN1 #96bis):
· In order to align the DL TX timing of the IAB node with the DL TX timing of the parent node by setting DL TX timing of the IAB node (TA/2 + T_delta) ahead of its DL Rx timing, T_delta should be set to the (-1/2) of time interval at the parent node between the start of UL RX frame i for the IAB node and the start of DL TX frame i. 
· The setting of T_delta is not necessarily specified. 
· Note: The above setting of T_delta assumes that, for the same purpose, TA should be the time interval at the IAB node between the start of UL TX frame i and the start of DL RX frame i.


T_delta, we can see from the above agreements, is the most important part of the whole OTA alignment scheme. In the LS-s, RAN1’s first question is to ask for input on the range and granularity of this parameter. It is expected that the range and granularity of T_delta are different in FR1 and in FR2.
We have seen in the last meeting literature with thorough analysis on the range and granularity of T_delta in [5], [6] and [7].

 To understand better of the definition of T_delta which is RAN1 design, we should follow closely to the agreements: ‘TA is the timing gap between UL Tx timing and DL Rx timing, which is derived based on existing Rel-15 mechanism’. By reading this sentence I think what they actually mean is to consider a further bias other than TA offset besides TA caused merely by IAB feature compared to legacy NR, which means that (NTA+NTA_OFFSET) * Tc/2 + T_delta is the timing adjustment for IAB DU to take. Also to look at the question from RAN1, the intention is to design a proper signaling for the upper level configuration of T_delta so as to implement correctly the OTA alignment process. Since both the TA and TA_offset values are available already by the IAB node, there is no reason for T_delta to include TA offset in its values.
Proposal 1: DU takes (NTA+NTA_OFFSET) * Tc/2 + T_delta timing adjustment to achieve OTA timing alignment for network synchronization.
So for the range of T_delta, since we consider it to be directly derived by the possible bias additional to TA offset, we should first think of the range of the additional bias. Say the additional bias is x, then T_delta = - (NTA_OFFSET + x)/2. 
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Figure 1 Deriving T_delta from x
The lower bound of the value x proposed by us is 0. Under such case, Tg = TA_offset which is the ‘well-aligned’ case in the RAN1 LS [3]. To consider the upper bound, though the more bias we have the less GP can be deployed for DL2UL transition we can have one UL symbol compensation for it thus we propose to have half the symbol length as the upper bound for x. Under such case the compensated UL symbol is fairly divided for GP and TA_offset. On the whole we propose 0<= x <= OFDMlength/2. Since T_delta = - (NTA_OFFSET + x)/2, to fit in the timing alignment function (NTA+NTA_OFFSET) * Tc/2 + T_delta, we propose - (NTA_OFFSET + OFDMlength/2)/2 <= T_delta <= - NTA_OFFSET * Tc /2.
	SCS (KHz)
	T_delta min (Tc)
	T_delta max (Tc)

	15
	-55040
	-12800

	30
	-37504
	-12800

	60
	-28736
	-12800

	120
	-11280
	-6896


Proposal 2: - (NTA_OFFSET + OFDMlength/2)/2 <= T_delta <= - NTA_OFFSET * Tc /2 is the range for RAN1/RAN2 to consider the signaling design.
In TS 38.213, section 4.2 specifies the granularity of TA configuration to be 16 * 64 Tc/ (2^u) when the SCS is 2^u *15 KHz. While in the WF [2], we have the agreement that the granularity of T_delta shall be finer than that of TA command. Thus it is reasonable to consider 8 * 64 Tc/ (2^u) for SCS 2^u * 15 KHz since the largest SCS corresponds to 2 ^ u = 8. According to proposal 2 and 3, at most 7bits are needed to cover T_delta range.
Proposal 3: Consider the granularity of T_delta to be 8 * 64 Tc/ (2^u) for SCS 2^u * 15 KHz.
Thus in [5] we prepare the reply to RAN1 taking into consider the above analysis.
2.2. Network synchronization with IAB nodes
In the RAN1 LS[3], they ask about the DL synchronization requirements.

	ACTION 2: RAN1 would like RAN4 to confirm whether the DL synchronization accuracy requirement defined in the current specification should also be applied for multi-hop scenarios for IAB.
ACTION 3: RAN1 would like RAN4 to provide input on the requirement of OTA timing alignment across multiple hops in order to fulfil the DL synchronization accuracy requirements defined in the current specification.


These talk about something that is highly related to the DL synchronization accuracy requirement defined in the current spec for NR and whether it should be applied to IAB. In NR the cell phase synchronization accuracy for TDD is specified in TS 38.133 as 3 us at most between any two BS connectors. Thus we can interpret the synchronization accuracy accordingly to be +- 1.5us for any single BS. It is natural that an IAB donor should also follow this requirement on the whole.
The new thing about IAB network is that multiple IAB nodes are connected with OTA links and the timings of each of them are guaranteed by OTA timing alignment scheme which may suffer inaccuracy in synchronization. Thus with the network phase requirements, the number of total IAB nodes along one rope is limited. For example, say we have +-500ns possible inaccuracy on each IAB, 3 jumps at most are supported considering the +-1.5ns synchronization margin.

That is to say, adding IAB system upon the legacy NR network demands new requirement of network synchronization. The reason can be obviously seen that IAB nodes with OTA synchronization surely need more margin in synchronization accuracy against non-collocated NR BS.

Proposal 4: Synchronization accuracy requirement defined in the current specification cannot be applied for multi-hop scenarios for IAB.
2.3. OTA alignment requirements
Discussions carried out in the last meeting on whether we should define requirements for OTA timing alignment behavior. As mentioned above, we have two options in the WF [2].
	· IAB OTA synchronization:
· Option 1: Do not specify OTA synchronization (OTA-S) accuracy for IAB node.
· Option 2: Specify OTA-S accuracy for IAB node.
· Factors impacting OTA-S accuracy need to be considered for deciding one of the options.


RAN1 also asked RAN4 to provide input on the requirements of OTA timing alignment across multiple hops in order to fulfill the DL synchronization accuracy requirement in the LS. It sounds natural that the requirements shall be defined if the OTA alignment behavior is to guarantee the DL synchronization accuracy. However for IAB node there is no way of verifying the behavior since no test cases or something alike can be specified.
By looking deep into it, we find that the OTA timing alignment accuracy depends on several different multitude of factors, e.g. channel BW, SNR condition, reference signal used, compensation method used, hardware inaccuracy, and even more. In our opinion, as long as the network phase synchronization requirements are met, we believe that the OTA alignment is correctly carried out. Specifying OTA synchronization accuracy requirements seems no longer necessary.
Proposal 5: Do not specify OTA synchronization (OTA-S) accuracy for IAB node.
3. Conclusion
This paper focuses on the IAB OTA synchronization and its potential requirements, talking about several alternatives to serve IAB so as to make the feature one with optimal performance. 

Proposal 1: DU takes (NTA+NTA_OFFSET) * Tc/2 + T_delta timing adjustment to achieve OTA timing alignment for network synchronization.
Proposal 2: - (NTA_OFFSET + OFDMlength/2)/2 <= T_delta <= - NTA_OFFSET * Tc /2 is the range for RAN1/RAN2 to consider the signaling design.

Proposal 3: Consider the granularity of T_delta to be 8 * 64 Tc/ (2^u) for SCS 2^u * 15 KHz.
Proposal 4: Synchronization accuracy requirement defined in the current specification cannot be applied for multi-hop scenarios for IAB.
Proposal 5: Do not specify OTA synchronization (OTA-S) accuracy for IAB node.
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