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Introduction
In RAN#88, the following objectives of the IAB work item regarding IAB duplexing enhancements were approved [1]:
	· Specification of enhancements to the resource multiplexing between child and parent links of an IAB node, including:
· 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 addresses the specific need for a mechanism that allows Case-1 OTA timing alignment in case of out-of-band operation. We also discuss the general timing modes required to allow simultaneous transmission on child and parent links using the same carrier frequencies and their challenges. Furthermore, since simultaneous operation on child and parent links, i.e. simultaneous operation of IAB-MT and IAB-DU may deviate from the typical and mutually exclusive operation in UL and DL slots, we present our initial views on CLI and interference measurements of BH links.
[bookmark: _Hlk47694443]Please see our accompanying contributions on resource multiplexing [2] and a general overview of the Rel-17 IAB WI [3].
Discussion
Case-1 OTA Timing Alignment for Out-of-Band IAB Deployment
RAN1 has specified an OTA method for Case-1 timing alignment based on timing advance information on the parent backhaul uplink and additional information about parent node internal uplink/downlink timing arrangements [4].
The method allows to align timing for cells with overlapping coverage area, such as spanned on parent and child backhaul links as presented in Figure 1.
[image: ]
[bookmark: _Ref47358220]Figure 1: Parent backhaul links LP, child backhaul links LC and access links LA.

RAN1 differentiates between scenarios operating in-band and out-of-band with respect to the access link. In-band backhauling includes scenarios where access- and backhaul links at least partially overlap in frequency creating half-duplexing or interference constraints [5]. Out-of-band scenarios are understood as not operating on overlapping spectrum.
IAB is not limited to operation on a single carrier (meaning transmission in common spectrum) spanning all cells, i.e. parent node access, parent node backhaul, IAB node access and IAB node backhaul cells, but out-of-band IAB scenarios should also be supported using the same set of RAN features designed for in-band scenarios.
3GPP has certain minimum requirements for transmission timing alignment errors (TAE) for some base station types [6]:
· For MIMO or TX diversity transmissions, at each carrier frequency, TAE shall not exceed 65ns.

· For intra-band contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 260ns.

· For intra-band non-contiguous carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 3μs.

· For inter-band carrier aggregation, with or without MIMO or TX diversity, TAE shall not exceed 3μs.

TDD based operation has been considered for IAB. Especially operation in FR2 is attractive due to its spectrum abundance compared to FR1. However, use of high frequency spectrum might be good for performing backhaul, but has low performance when it comes to, e.g., indoor penetration. Operation on access links using spectrum in FR1 can help here, whether it is complementing higher carriers on access links or substituting them on access links. Figure 2 illustrates the potentially used carrier combination with 3.5GHz used on access links and 28GHz carrier used on backhaul links. One could argue that using an FR1 based carrier also for the backhaul links is possible, but it is rather a deployment decision (and why would out-of-band operation be defined in the first place). It might in many cases not even be a good idea or not preferred by operators, since FR1 spectrum is less abundant. Hence, it is unnecessary to use it for backhauling if backhaul capacity is made available by using FR2 spectrum. 
In [7] it was proposed to support transmission timing alignment between a parent node and an IAB node on access links that share no timing alignment with backhaul link transmissions. During the phase of agreeing discussion items for and prior the actual meeting a principal discussion regarding a solution to the problem took place and it was recognized that the presented problem is valid [8]. Other views were that it does not suit the remaining Rel-16 timeframe or can be solved by existing OTA timing alignment methods or can be solved through OAM or by relying on GNSS or left to implementation.
Apart from leaving it to implementation and specifically agreed on it (outside the specification), the technical merits of the proposed alternatives were never discussed and evaluated as feasible or realistic.

[image: ]
[bookmark: _Ref47358302]Figure 2: IAB out-of-band operation with 3.5GHz and 28GHz.

Timing alignment on all carriers within an IAB network section and aligned with access carriers outside the IAB section of a network in case of out-of-band IAB operation is unspecified and this still leaves the question open how to align transmission timings between parent node and IAB node on access links that share no timing alignment with the across IAB nodes timing aligned backhaul link transmission.

[bookmark: _Toc47734507]Presently, timing alignment is not defined for a parent node and an IAB node on access links which share no timing alignment with backhaul link transmissions.

[bookmark: _Toc40463759][bookmark: _Toc40465754][bookmark: _Toc40465817][bookmark: _Toc47734519]RAN1 to agree on support for transmission timing alignment between a parent node and an IAB node on access links that share no timing alignment with backhaul link transmissions.

The timing alignment method as specified in [4] relies on estimating the propagation delay (based on timing advance and T_delta) and together with the inherently known, by the IAB node, estimate of the backhaul link reception timing as reference, estimate the parent node’s backhaul transmission timing. A similar principle could be re-used in that the parent node provides the timing offset between its transmit timing on access and backhaul link to the IAB node. Together with the, by the IAB node, determined backhaul transmission timing, the IAB node can set its access link transmission timing to that of the parent node’s access link transmission timing and ultimately to the timing used in the rest of the network.

[bookmark: _Toc40463760][bookmark: _Toc40465755][bookmark: _Toc40465818][bookmark: _Toc47734520]If the transmission timing on an access link of a parent node is misaligned by an offset relative to the timing on the backhaul link, the parent node provides information to the IAB node, so the IAB node can derive this offset. Details about signalling and what kind of information is signalled is FFS.

[bookmark: _Ref47608617]Timing Alignment Considerations for Simultaneous In-Band Operation
In Rel-16, a method was specified to enable Case-1 timing aligned DL transmission operation [4][5].
In order to enable simultaneous transmission on child and parent links, i.e. transmission in upstream and downstream (to avoid the terminology of UL and DL), respectively, these two transmissions should preferably also be time aligned. A similar argument can be made for the case of simultaneous reception on child and parent links. Such additional timing coordination, i.e., in addition to the Case-1 timing aligned operation, can be enabled by IAB Rel-17 supporting the timing configurations known as Case-6 and Case-7, for simultaneous transmission and reception, respectively [5].

[bookmark: _Toc47734508]Simultaneous transmission and reception on child and parent links can be enabled by supporting Case-6 and Case-7 timing alignment configurations.

[bookmark: _Toc47734521]Case-6 OTA timing alignment should be supported, if simultaneous transmission on parent and child links is supported for Rel-17 IAB.

[bookmark: _Toc47734522]Case-7 OTA timing alignment should be supported, if simultaneous reception on parent and child links is supported for Rel-17 IAB.

For a recap, Figure 3 shows the transmit and receive timing for Case-6 (left) and Case-7 (right) timing configuration, respectively, for a simple IAB network consisting of a donor/parent node (P), an IAB-node (N), a child node (C) with a Rel-15 UE (UE) connected to the IAB-node N. The propagation delay between parent node P and IAB-node N is denoted as T_PN, the delay between the IAB-node N and the child node C is denoted as T_NC, and the access link delay is denoted as T_UE.


[image: ]
[bookmark: _Ref47358362]Figure 3: Transmit and receive timing for Case-6 (left, DL and UL Tx timing aligned) and Case-7 (right, DL and UL Rx timing aligned) timing configurations. The propagation delays are chosen specifically for each case to illustrate critical aspects.

As can be seen in Figure 3, for Case-6, the UL transmit timing is set to be aligned with the DL Tx timing; for Case-7, the UL reception timing is set to be aligned with the DL Rx timing.
It is observed from Figure 3 that for Case-6, the UL reception timing of an IAB-node  is delayed due to the propagation delay on the child backhaul link (T_NC). For Case-7, the UL reception timing of an IAB-node is delayed due to the propagation delay on the parent backhaul link (T_PN).

[bookmark: _Toc47734509]For Case-6, the UL reception of an IAB-node is delayed due to the propagation delay of the child backhaul link.

[bookmark: _Toc47734510]For Case-7, the UL reception of an IAB-node is delayed due to the propagation delay of the parent backhaul link.

Figure 3 furthermore presents that for Case-7, a child node may have a negative timing advance (TA), if the propagation delay on a parent link (T_PN) is more than twice the propagation delay on a child link (T_NC), i.e., if T_PN > 2*T_NC. That was already found during the IAB Study Item phase.
The conditions where a UE will have a negative TA are as follows:
Case-6:	The child link has twice the propagation delay of the UE access link (T_NC > 2*T_UE), which is likely, if a UE is somehow in between the IAB-node and child node but connected to the IAB-node cell.
Case-7:	The parent link has twice the propagation delay of the UE access link (T_PN > 2*T_UE).

[bookmark: _Toc47734511]In Case-6, if the child link has twice the propagation delay of the UE access link, the UE can have a negative timing delay.

[bookmark: _Toc47734512]In Case-7, if the parent link has twice the propagation delay of the UE access link, the UE can have a negative timing delay.

[bookmark: _Toc47734513]A UE connected to an IAB-node that operates with timing aligned transmission or reception, may require a negative TA.

As a result of the above, involving Rel-15 UEs during simultaneous transmission or reception on the IAB backhaul will be complicated. In principle, NR (contrary to LTE) does not have a (minimum) limitation on the TA and, effectively, a negative TA can be achieved by successively reducing the TA, starting from a positive value. However, this is not true for a Rel-15 UE during RA, when the UE (and also MT) always starts with a positive TA for the preamble transmission and subsequently TA is updated with a non-negative value in RAR.

[bookmark: _Toc47734514]NR does not support that a UE, connecting to an IAB-node operating with timing aligned transmission or reception, has a negative TA already during the RA phase.

As a result, a UE with a negative initial TA may not be able to perform/complete RA. Hence, our conclusion is that simultaneous transmission or reception must be limited to only involve backhaul links.

[bookmark: _Toc47734523]Specification on simultaneous transmission or reception is limited to only involve backhaul links.

RAN4 has investigated, though for the sake of interference and deployment requirements, two scenarios of upstream/downstream transmission configurations [9]. Scenario 1 assumed a traditional transmission configuration, with all upstream and downstream transmissions in UL and DL slots, respectively. Scenario 2 assumed that an MT transmits its UL data in DL transmission slots; this was the only difference. Operation on access links was still according to Case-1, as in the first scenario.
Scenario 1 is summarised as
· IAB-MT using the UL parts of the TDD pattern for IAB transmission
· IAB-MT using the DL parts of the TDD pattern for IAB reception
· IAB Parent using the DL parts of the TDD pattern for IAB transmission
· IAB Parent using the UL parts of the TDD pattern for IAB reception
Correspondingly, Scenario 2 is summarized as
· IAB-MT using the DL parts of the TDD pattern for either transmission or reception of backhaul link
· IAB Donor using the DL parts of the TDD pattern for either transmission or reception of backhaul link
One advantage of Scenario 2 is that simultaneous transmission or simultaneous reception would not impact the timing requirements of Rel-15 UEs, since IAB BH link transmission and reception is limited to DL slots in TDD patterns, while UE transmissions only occurs in UL, i.e., access and IAB BH links are timing-wise separated.

[bookmark: _Toc47734524]Adopt Scenario 2 as baseline for studies related to simultaneous transmission or reception of IAB-nodes.

In Rel-16, RAN1 has specified an OTA method to enable Case-1 timing alignment based on timing advance information on the parent backhaul uplink and additional information about parent node internal uplink/downlink timing arrangements (T_delta). However, in a timing configuration as Case-7, an IAB-node is setting its own UL reception timing. Therefore, no additional signalling is required to align the UL reception timing to its DL reception timing.

[bookmark: _Toc47734515]In Case-7, no additional signalling is required to align the UL reception timing of an IAB-node to its DL reception timing.

In Rel-16, the support for Case-1 timing alignment was achieved by using meta-information of 4 timestamps. Two timestamps on the IAB-node side (TA as the difference between DL Rx and UL Tx) and the difference of two timestamps on parent node side (T_delta as the difference between DL Tx and UL Rx). Technically, no restrictions apply on the magnitudes of the timestamp differences or the relative location within periodic system frames. It should also work for a positive T_delta (whereas T_delta in Rel-16 is always negative), potentially resulting in a negative TA on the IAB-node side.
In Case-6, the Rel-16 equivalent of T_delta would be positive, as the UL reception always takes place after the DL transmission (see Figure 3). Thus, the same method, providing information about the DL transmission and UL reception timing relation on parent node side, can be used as for Case-1 timing alignment specified in Rel-16. The information about this relation can apply the same granularity, it only requires a new range (in extension and sign) of T_delta. This requires involving RAN4 to propose a new T_delta for Case-6.

[bookmark: _Toc47734516]In Case-6, a T_delta does not require any principal change of method and signalling compared to Case-1, only a new range specification.

CLI and Measurements for Simultaneous In-Band Operation on Child and Parent Links
If we disregard the discussion in Sec. 2.2 about a potentially negative TA for access UEs in case of Case-6 or #7 timing alignment, simultaneous transmission on child and parent link means simultaneous UL (IAB-MT, UE) and DL (IAB-DU) transmission of an IAB-node. Simultaneous reception implies the same (simultaneous UL/DL transmissions), just not on the same node, but on both child node (child-MT) and parent node (parent-DU). From an interference point of view, the same concerns arise.
If mechanisms for simultaneous transmission of IAB-nodes are specified in Rel-17, severe interference due to, e.g., DU transmissions in UL slots, as will be the case in a Scenario 1 transmission configuration, can be expected. The most obvious victims can be found in the non-IAB part of the network (operating on the same carrier frequency) where the IAB-nodes are deployed. However, the victims are not necessarily limited to within the IAB network. Victims of interference outside the IAB network are networks on adjacent (or nearby) spectrum to that used by the IAB network since adjacent networks typically coordinate UL/DL. 

[bookmark: _Toc47734517]In Scenario 1 UL/DL transmission configuration, even RAN nodes outside the IAB-network can be severely interfered by IAB-nodes transmitting or receiving simultaneously on parent and child links.

In a Scenario 2 transmission configuration, the upstream transmissions of an IAB-MT using the DL parts of the TDD pattern appear like a RAN node transmitting during DL slots (which we observe as standard operation). Any interference due to such a transmission can be seen as of no different nature than other DL transmissions, for which there are deployment requirements or recommendations to control the negative effects.

[bookmark: _Toc47734518]In a Scenario 2 UL/DL transmission configuration, interference by IAB-nodes, which transmit or receive simultaneously on parent and child links, to RAN nodes outside the IAB-network is not increased.

Thus, if interference due to simultaneous transmit or simultaneous receive operation of some IAB nodes is of concern, it is not limited to the IAB scope and requires CLI measurement and management methods. It should be discussed in RAN whether to pursue IAB specific CLI and interference measurement specification or to work on a scope outside IAB (that includes IAB specific needs).

[bookmark: _Toc47734525]Consult with RAN whether to pursue IAB specific CLI and interference measurement specification or to work on a scope outside IAB (that includes IAB specific needs).

Power control
Uplink power control, in place from Rel-15, implies that a parent IAB node may have some control of the transmit power of an IAB-MT. In addition to existing power control, several other power control considerations may be found to be advantageous from a network capacity perspective, e.g.,
· Power control over a child IAB-DU
· Power control (requests) over a parent IAB-DU
When considering the above possibilities, it is important to also consider existing base station designs. To achieve a high energy efficiency base stations are typically designed with PAs, the linearity of which is carefully selected according to specification requirements and/or network needs. To introduce additional linearity requirements in terms of a power control mechanism to the already existing ones would require a substantial redesign of the base station on a level that is not motivated from a business case perspective. This should not prevent new designs to allow for some additional power control functionality, but one does not necessarily exclude the other.

[bookmark: _Toc47734526]Any implementation of power control in IAB nodes should take into account existing base station design principles for which power control typically does not exist.
Conclusion
In the previous sections we made the following observations:
Observation 1	Presently, timing alignment is not defined for a parent node and an IAB node on access links which share no timing alignment with backhaul link transmissions.
Observation 2	Simultaneous transmission and reception on child and parent links can be enabled by supporting Case-6 and Case-7 timing alignment configurations.
Observation 3	For Case-6, the UL reception of an IAB-node is delayed due to the propagation delay of the child backhaul link.
Observation 4	For Case-7, the UL reception of an IAB-node is delayed due to the propagation delay of the parent backhaul link.
Observation 5	In Case-6, if the child link has twice the propagation delay of the UE access link, the UE can have a negative timing delay.
Observation 6	In Case-7, if the parent link has twice the propagation delay of the UE access link, the UE can have a negative timing delay.
Observation 7	A UE connected to an IAB-node that operates with timing aligned transmission or reception, may require a negative TA.
Observation 8	NR does not support that a UE, connecting to an IAB-node operating with timing aligned transmission or reception, has a negative TA already during the RA phase.
Observation 9	In Case-7, no additional signalling is required to align the UL reception timing of an IAB-node to its DL reception timing.
Observation 10	In Case-6, a T_delta does not require any principal change of method and signalling compared to Case-1, only a new range specification.
Observation 11	In Scenario 1 UL/DL transmission configuration, even RAN nodes outside the IAB-network can be severely interfered by IAB-nodes transmitting or receiving simultaneously on parent and child links.
Observation 12	In a Scenario 2 UL/DL transmission configuration, interference by IAB-nodes, which transmit or receive simultaneously on parent and child links, to RAN nodes outside the IAB-network is not increased.

Based on the discussion in the previous sections we propose the following:
[bookmark: _GoBack]Proposal 1	RAN1 to agree on support for transmission timing alignment between a parent node and an IAB node on access links that share no timing alignment with backhaul link transmissions.
Proposal 2	If the transmission timing on an access link of a parent node is misaligned by an offset relative to the timing on the backhaul link, the parent node provides information to the IAB node, so the IAB node can derive this offset. Details about signalling and what kind of information is signalled is FFS.
Proposal 3	Case-6 OTA timing alignment should be supported, if simultaneous transmission on parent and child links is supported for Rel-17 IAB.
Proposal 4	Case-7 OTA timing alignment should be supported, if simultaneous reception on parent and child links is supported for Rel-17 IAB.
Proposal 5	Specification on simultaneous transmission or reception is limited to only involve backhaul links.
Proposal 6	Adopt Scenario 2 as baseline for studies related to simultaneous transmission or reception of IAB-nodes.
Proposal 7	Consult with RAN whether to pursue IAB specific CLI and interference measurement specification or to work on a scope outside IAB (that includes IAB specific needs).
Proposal 8	Any implementation of power control in IAB nodes should take into account existing base station design principles for which power control typically does not exist.
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