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Introduction
In previous meeting discussion, it’s agreed to further discuss the RAN4 spec impact due to simultaneous transmission and reception for IAB node’s child and parent links. This contribution shares more analysis on this aspect. 
Discussion   
In Rel-16 IAB WI, the resource multiplexing is discussed based on TDM operation subject to half-duplexer constraint. In Rel-17 with the aim of duplexing enhancement for IAB operation, the specification enhancement to support simultaneous operation is addressed in WID as below:
	· 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).



As shown in figure below parent link is the backhaul link between IAB-MT and its parent node, i.e., Parent IAB or donor gNB. And child link includes both access link between IAB-DU and UE, and child backhaul link between IAB-DU and it child IAB-MT. 
[image: ]
Figure 1[figure 7.3.1-1 in TS38.874]: Different IAB link types
Hence it’s supposed that simultaneous operation between IAB own child and parent link can be enable by FDM and/or SDM solution. The target scenarios listed for Rel-17 IAB simultaneous operation are illustrated briefly as below, in which the child link is simplified to point to its child IAB node only. But as explain above for target IAB node in the middle its child link covers both access link to UE and child link to its child IAB node.
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Figure2-1: simultaneous IAB-MT TX and IAB-DU TX  Figure2-2: simultaneous IAB-MT RX and IAB-DU RX 
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Figure2-3: simultaneous IAB-MT RX and IAB-DU TX  Figure2-4: simultaneous IAB-MT TX and IAB-DU RX 
The scenarios are numbered as below to facilitate following discussion in this contribution. 
· Scenario 1: simultaneous IAB-MT TX and IAB-DU TX
· Scenario 2: simultaneous IAB-MT RX and IAB-DU RX
· Scenario 3: simultaneous IAB-MT RX and IAB-DU TX
· Scenario 4: simultaneous IAB-MT TX and IAB-DU RX

In figure2 it is shown as separated panels between IAB-DU and IAB-MT as example. It is not precluded any implementation flexibility such how panel mapping to RIB /connector as RAN4 requirement is defined as RF architecture agnostic way (as much as possible). However, it would still be beneficial to take a review on legacy Rel-16 specification/terminology which may relate to simultaneous operation between IAB-MT and IAB-DU. 
First of all, since Rel-16 both multi-carrier and multi-band operation are defined for both IAB-MT and IAB-DU, which complies with gNB’s approach, as in below general sub-clauses in TS38.174.
· 4.8 Requirements for contiguous and non-contiguous spectrum
· 4.9 Requirements for IAB-DU and IAB-MT capable of multi-band operation 
Furthermore, there are below terminologies defined in TS38.174. 
	multi-band connector: TAB connector of IAB type 1-H associated with a transmitter or receiver that is characterized by the ability to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band than the other carrier(s) and where this different operating band is not a sub-band or superseding-band of another supported operating band

	multi-band RIB: operating band specific RIB associated with a transmitter or receiver that is characterized by the ability to process two or more carriers in common active RF components simultaneously, where at least one carrier is configured at a different operating band than the other carrier(s) and where this different operating band is not a sub-band or superseding-band of another supported operating band

	single-band connector: IAB type 1-H TAB connector supporting operation either in a single operating band only, or in multiple operating bands but does not meet the conditions for a multi-band connector.

	single-band RIB: operating band specific RIB supporting operation either in a single operating band only, or in multiple operating bands but does not meet the conditions for a multi-band RIB. 


Hence it is believed that the current specification is forward compatible with definition on FDM and SDM operation. 

Specific for scenario 1 and scenario 2, IAB-MT and IAB-DU can be recognized as gNB placed on the same site but orients to different sector (or direction) as shown in figure below. For the same IAB node it is simultaneous transmission on both IAB-MT and IAB-DU in scenario 1. Similar to scenario 2 it is simultaneous reception on both IAB-MT and IAB-DU. The behavior is the same as TDD synchronized operation for gNBs allocated on the same site if we take LTE (un)synchronized operation definition as below. From this perspective, it’s believed that to enable scenario 1 and scenario 2 no RF core impact expected for target IAB node itself. 







Figure 3: example Base stations with 3 sectors per site
Definition in TS36.104
	Synchronized operation: operation of TDD in two different systems, where no simultaneous uplink and downlink occur.

	Unsynchronized operation: operation of TDD in two different systems, where the conditions for synchronized operation are not met.



However, in the other hand, this scenario implies unsynchronized operation with Parent link and/or child link. More consideration may need to see whether additional requirement needed to protect neighbor unsynchronized operations. For BS perspective the co-existence requirement for unsynchronized base stations is not covered in 3GPP specification since UTRA era. Even dynamic TDD specified in LTE and CLI enabled in Rel-16 NR, no RF core requirement is introduced for TDD unsynchronized operation. The interference is controlled, cancelled and avoided by other scheduling scheme based on measurement or system coordination. Hence it is suggested to comply with gNB’s approach on unsynchronized operation as well for IAB node. 
Observation 1: For scenario 1 and scenario 2, IAB-MT and IAB-DU can be recognized to be same as TDD synchronization operation among gNBs belong to same site. 
Observation 2: Unsynchronized TDD operation discussed in legacy release has no impact on BS RF core requirement. 
Proposal 1: there is no RF core requirement impact due to enable IAB simultaneous operation in scenario 1 and scenario 2. 

For scenario 3 and scenario 4, IAB-MT and IAB-DU within one IAB node is unsynchronized operation referring to above definition. However, that may imply the synchronized operation with neighbor system on the other sites. But still it would be possible to be collocated with other gNB and IAB under unsync operation. From this angle, the main problem to be resolved in these scenarios is whether new requirement and/or side conditions on existing requirement needed to ensure:
· Transmitter operates properly to inhibit the generation of signals in its non-linear elements caused by presence of the wanted signal and an interfering signal from intra-system reaching the transmitter via the antenna
· This one is transmitter intermodulation requirement which has already been defined for IAB node type 1-H of which the intra-system transmitter interference defined as below.
Conducted IAB intermodulation requirement:
	For IAB type 1-H, there are two types of transmitter intermodulation cases captured by the transmitter intermodulation requirement:
1)	Co-location transmitter intermodulation in which the interfering signal is from a co-located base station or IAB.
2)	Intra-system transmitter intermodulation in which the interfering signal is from other transmitter units within the IAB type 1-H.
For IAB type 1-H, the co-location transmitter intermodulation requirement is considered sufficient if the interference signal for the co-location requirement is higher than the declared interference signal for intra-system transmitter intermodulation requirement.


For OTA only co-location intermodulation has been defined for IAB type 1-O since the co-location IM is considered sufficient with higher interference signal level over intra system interference signal. If the same condition can be applied to IAB scenario 3 and scenario 4, no additional requirement is needed for this aspect. 
For FR2 BS no co-located requirement including spurious emission and intermodulation defined since the high isolation between co-located nodes taken into account LOS coupling loss and beam forming effect. If no evidence shown that isolation between TX and RX of IAB operation in scenario 3 and scenario 4 is decreased significantly compared with collocated BS nodes, no requirement impact is expected as well. 
Observation 3: for IAB-type 1-H Intra-system transmitter intermodulation has already been defined. 
Observation 4: for IAB type 1-O only colocation IM has been defined which is considered as worst case with higher interference signal level.
Observation 5: following BS agreement, no IAB type 2-O IM defined due to high isolation. 
Proposal 2: if no evidence shown isolation decreased significantly between interference and aimed transmitter, no new TX intermodulation requirement is needed to support scenario 3 and scenario 4. 
· Receiver operates properly with presence of signal from other interface within own node as interference
· In existing BS specification for receiver RF requirement there is general clause as below can be reference:
	-	Requirements apply during the BS receive period.
-	Requirements shall be met for any transmitter setting.
-	For FDD operation the requirements shall be met with the transmitter unit(s) ON.
-	Throughput requirements defined for the radiated receiver characteristics do not assume HARQ retransmissions.
-	When BS is configured to receive multiple carriers, all the throughput requirements are applicable for each received carrier.


The bullet highlighted in grey can be applied to IAB simultaneous operation in scenario 3 and scenario 4 with below update:For IAB which is able for simultaneous operation in scenario 3 and scenario 4, the receiver RF requirements shall be met with the transmitter unite(s) ON. 
Proposal 3: For IAB which is able for simultaneous operation in scenario 3 and scenario 4, the receiver RF requirements shall be met with the transmitter unite(s) ON. 
Conclusion    
In this contribution we discussed further regarding simultaneous operation between parent link and child link of IAB. The scenarios are numbered as below to facilitate following discussion in this contribution. 
· Scenario 1: simultaneous IAB-MT TX and IAB-DU TX
· Scenario 2: simultaneous IAB-MT RX and IAB-DU RX
· Scenario 3: simultaneous IAB-MT RX and IAB-DU TX
· Scenario 4: simultaneous IAB-MT TX and IAB-DU RX

Observation and proposal for scenario 1 and 2:
Observation 1: For scenario 1 and scenario 2, IAB-MT and IAB-DU can be recognized to be same as TDD synchronization operation among gNBs belong to same site. 
Observation 2: Unsynchronized TDD operation discussed in legacy release has no impact on BS RF core requirement. 
Proposal 1: there is no RF core requirement impact due to enable IAB simultaneous operation in scenario 1 and scenario 2. 

Observation and proposal for scenario 3 and 4:
Observation 3: for IAB-type 1-H Intra-system transmitter intermodulation has already been defined. 
Observation 4: for IAB type 1-O only colocation IM has been defined which is considered as worst case with higher interference signal level.
Observation 5: following BS agreement, no IAB type 2-O IM defined due to high isolation. 
Proposal 2: if no evidence shown isolation decreased significantly between interference and aimed transmitter, no new TX intermodulation requirement is needed to support scenario 3 and scenario 4. 
[bookmark: _GoBack]Proposal 3: For IAB which is able for simultaneous operation in scenario 3 and scenario 4, the receiver RF requirements shall be met with the transmitter unite(s) ON. 
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