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Issue #1: Slot format configurations for IAB-node MT
As captured in TS 38.213, the slot formats of IAB-node MT can be configured by higher layer parameters:
	14	Integrated access-backhaul operation
-------------------------------------------- skipped text part ------------------------------------------
For each serving cell of an IAB-node DU, the IAB-node DU can be provided an indication for a slot format over a number of slots by IAB-DU-Resource-Configuration. For each serving cell, an IAB-node MT can be provided an indication for a slot format over a number of slots by tdd-UL-DL-ConfigDedicated-IAB-MT. If the IAB-node MT is provided tdd-UL-DL-ConfigDedicated-IAB-MT, the parameter tdd-UL-DL-ConfigDedicated-IAB-MT overrides only flexible symbols over the number of slots as provided by TDD-UL-DL-ConfigurationCommon.
The tdd-UL-DL-ConfigDedicated-IAB-MT provides
-	a set of slot configurations by slotSpecificConfigurationsToAddModList-IAB-MT
-	for each slot configuration from the set of slot configurations
-	a slot index for a slot provided by slotIndex
-	a set of symbols for a slot by symbols where 
-	if symbols = allDownlink, all symbols in the slot are downlink
-	if symbols = allUplink, all symbols in the slot are uplink
-	if symbols = explicit, nrofDownlinkSymbols provides a number of downlink first symbols in the slot and nrofUplinkSymbols provides a number of uplink last symbols in the slot. If nrofDownlinkSymbols is not provided, there are no downlink first symbols in the slot and if nrofUplinkSymbols is not provided, there are no uplink last symbols in the slot. The remaining symbols in the slot are flexible.
-	if symbols = explicit-IAB-MT, nrofUplinkSymbols provides a number of uplink first symbols in the slot and nrofDownlinkSymbols provides a number of downlink last symbols in the slot. If nrofUplinkSymbols is not provided, there are no uplink first symbols in the slot and if nrofDownlinkSymbols is not provided, there are no downlink last symbols in the slot. The remaining symbols in the slot are flexible.
For each slot having a corresponding index provided by slotIndex, the IAB-MT applies a format provided by a corresponding symbols.


The higher layer parameter tdd-UL-DL-ConfigDedicated-IAB-MT for an IAB-node MT is similar to the higher layer parameter tdd-UL-DL-ConfigurationDedicated for a UE in Section 11 of TS 38.213 except that new slot formats for an IAB-node MT can be indicated by tdd-UL-DL-ConfigDedicated-IAB-MT. In Section 11 of TS 38.213, the UE behaviors related to slot format determination with tdd-UL-DL-ConfigurationDedicated are described. However, though it may be straightforward, the IAB-node MT behaviors related to slot format determination with tdd-UL-DL-ConfigDedicated-IAB-MT have not been captured. Consequently, when tdd-UL-DL-ConfigDedicated-IAB-MT is provided, the IAB node MT cannot determine how to use the parameter in order to determine the slot format. 
To solve this issue, one simple clarification can be added that the behaviors of IAB-node MT with tdd-UL-DL-ConfigDedicated-IAB-MT are same as the behaviors of UE with tdd-UL-DL-ConfigurationDedicated.
Besides, because the slot format configurations for DU and MT are provided separately, dividing the first paragraph into two parts may lead to a better structure.
Proposal 1: Adopt TP1 on resource multiplexing among backhaul and access links to TS 38.213 14.
	Text proposal 1:
----------------------------------------------- Start of Text Proposal 1 -----------------------------------------------
< Unchanged parts are omitted >
For each serving cell of an IAB-node DU, the IAB-node DU can be provided an indication for a slot format over a number of slots by IAB-DU-Resource-Configuration. 
For each serving cell, an IAB-node MT can be provided an indication for a slot format over a number of slots by tdd-UL-DL-ConfigDedicated-IAB-MT. If the IAB-node MT is provided tdd-UL-DL-ConfigDedicated-IAB-MT, the parameter tdd-UL-DL-ConfigDedicated-IAB-MT overrides only flexible symbols over the number of slots as provided by TDD-UL-DL-ConfigurationCommon.
The tdd-UL-DL-ConfigDedicated-IAB-MT provides
-	a set of slot configurations by slotSpecificConfigurationsToAddModList-IAB-MT
-	for each slot configuration from the set of slot configurations
-	a slot index for a slot provided by slotIndex
-	a set of symbols for a slot by symbols where 
-	if symbols = allDownlink, all symbols in the slot are downlink
-	if symbols = allUplink, all symbols in the slot are uplink
-	if symbols = explicit, nrofDownlinkSymbols provides a number of downlink first symbols in the slot and nrofUplinkSymbols provides a number of uplink last symbols in the slot. If nrofDownlinkSymbols is not provided, there are no downlink first symbols in the slot and if nrofUplinkSymbols is not provided, there are no uplink last symbols in the slot. The remaining symbols in the slot are flexible.
-	if symbols = explicit-IAB-MT, nrofUplinkSymbols provides a number of uplink first symbols in the slot and nrofDownlinkSymbols provides a number of downlink last symbols in the slot. If nrofUplinkSymbols is not provided, there are no uplink first symbols in the slot and if nrofDownlinkSymbols is not provided, there are no downlink last symbols in the slot. The remaining symbols in the slot are flexible.
For each slot having a corresponding index provided by slotIndex, the IAB-MT applies a format provided by a corresponding symbols.
The statements using the term "tdd-UL-DL-ConfigDedicated" in clauses 11.1 is replaced with "tdd-UL-DL-ConfigDedicated-IAB-MT" for the IAB-node MT of an IAB node.
< Unchanged parts are omitted >
----------------------------------------------- end of Text Proposal 1 -----------------------------------------------


Issue #2: Determination of guard symbols for transitions between MT and DU
To cope with the timing misalignment and switching interval between MT and DU, guard symbols were introduced for different transitions: 
	14	Integrated access-backhaul operation
-------------------------------------------- skipped text part ------------------------------------------
For a serving cell of an IAB-node MT, the IAB-node MT can be provided by guard-SymbolsProvided a number of symbols that will not be used for the IAB-node MT in slots where the IAB-node transitions between IAB-node MT and IAB-node DU. A SCS configuration for the number of symbols is provided by guardSymbol-SCS.


At RAN1#100e, two issues were discussed related to the determination of guard symbols for transitions between MT and DU. 
· The first issue relates to guard symbol insertion at the parent IAB node and the main contentious point is whether additional specification text is needed to capture the parent node behavior to ensure that the parent node and child node share the same understanding on the inserted guard symbols. 
· The second issue relates to the determination of guard symbols when DU flexible symbols are involved in the transition and the main issue is whether there will be any severe performance degradation if this is left unspecified. 
The two issues were concluded as follows:
Conclusion: No consensus to adopt a TP to address the issue of transition detection or transition type determination at the parent IAB node in RAN1#100-e. Consideration of whether this issue is critical and whether specification support is necessary may be revisited in the future as several companies raised concerns that the potential impact of improper transition detection may lead to system performance degradation when guard symbols are introduced by the parent node.

Issue #2-1: Necessity of specification impact for guard symbols
To avoid resource collision between backhaul link and access link, the IAB node and its parent node should have the same understanding on when the guard symbols will be inserted by the parent node and how many guard symbols will be inserted. The reporting and configuration procedure of guard symbol ensures that the parent node and IAB node can obtain the number of guard symbols consistently. However, the current specification does not explicitly capture when exactly the guard symbols will be inserted by the parent node. According to the definition, guard symbols should be inserted at the transition points between MT and DU; therefore, the key question is whether the IAB node and parent node can have same understanding on the locations of the transition points.
The IAB-node DU can always transmit or receive in hard symbols and soft symbols which are indicated available (SIA), which means the overlapped MT resources cannot be used for backhaul transmission in TDM operation. Therefore, guard symbols should be inserted in the MT resource at the transition points between the MT and DU, i.e., the edge of hard or SIA resources of DU. It should be note that the DU resource configuration of an IAB node can be made aware to its parent node and the availability indication of soft resource is sent from the parent node. Therefore, both the IAB node and its parent node can know the location of hard and SIA symbols of IAB-node DU, and thus they can have same understanding on the location of guard symbols. Note that the hard resources include those configured directly by CU and those converted by DU cell-specific signals.
An exceptional case is the reception and transmission of cell-specific signals/channels by IAB-node MT. Typically, the cell-specific signals/channels have fixed structures and they are for all the UEs and child nodes, and thus the IAB node should not expect guard symbols will be inserted by parent DU for the cell-specific signals/channels.
[image: ]
Figure 1. The locations of guard symbols
Observation: According to the current specification, the IAB node and its parent node can implicitly determine when the guard symbols should be inserted
· For unicast signals/channels, the guard symbols should be inserted in the MT resources at the transition points between the MT and DU, i.e., the edge of hard or SIA resources of DU
· For cell-specific signals/channels, the IAB node does not expect guard symbols will be inserted 
Issue #2-2: Number of guard symbols for transitions with DU flexible symbols
In current specification, guard symbols for eight switching scenarios between MT and DU are defined, and the IAB node and its parent node should determine the number of guard symbols according to the specific switching scenario. However, for switching scenarios between MT and DU with flexible symbols, guard symbols have not been defined.
Taking the downlink backhaul reception as an example, there are four switching scenarios as shown in Figure 2. For IAB-node DU, the uplink frame timing is ahead of the downlink frame timing; therefore, in typical situations, the number of guard symbols for DU downlink to MT switching is larger than that of DU uplink to MT switching, and the number of guard symbols for MT to DU downlink switching is smaller than that of MT to DU uplink switching.
[image: ]
Figure 2. Number of guard symbols (NmbGS) for different switching scenarios
Since the actual transmission directions of IAB-node DU in flexible symbols are decided by IAB node and agnostic to its parent node, the parent node cannot determine the numbers of guard symbols accurately in switching scenarios with DU flexible symbols. It should be first noted that these switching scenarios are not just corner cases and they occur in each TDD configuration period whenever DU is configured with hard or soft flexible symbols. If this is left unspecified, there might be some misalignment between the parent node and child node, which results in either resource waste when the inserted guard symbols are more than necessary or resource collisions when the inserted guard symbols are insufficient. 
To solve this issue, the assumption that is made by the parent node should be specified, and the IAB node can make use of the flexible resources according to the specified assumption; consequently, the resource waste or collision can be avoided. Essentially, there are two options:
· Option 1: Number of guard symbols for MT and DU flexible symbols = max(Number of guard symbols for MT and DU downlink switching, Number of guard symbols for MT and DU uplink switching)
·  Option 2: Number of guard symbols for MT and DU flexible symbols = min(Number of guard symbols for MT and DU downlink switching, Number of guard symbols for MT and DU uplink switching)
Option 1 essentially prioritizes the access links, which means that the access links can use all the hard (or SIA) flexible symbols for both uplink and downlink transmissions. With this assumption, the required number of guard symbols at the IAB node can be smaller than assumed number of guard symbols at its parent node. In this case, if the issue is left unspecified, the inserted guard symbols are more than necessary, which results in resource waste. On the other hand, if the assumption is specified following option 1, the IAB-node DU can get extra available symbols according to the assumption, e.g. symbol #0 and symbol #13 in Figure 3. However, the extra available symbols are most likely located at the edge of slot, and thus they are difficult to be utilized by access links.
[image: ]
Figure 3. Option 1: Prioritized access links 
Option 2 prioritizes the backhaul link, which means that the MT can use more symbols for backhaul link transmission. With this assumption, the actual number of guard symbols at the IAB node can be larger than the assumed number of guard symbol at its parent node. In this case, if the issue is left unspecified, the inserted guard symbols are not sufficient, which results in resource collision between the backhaul and access link. On the other hand, if the assumption is specified following option 2, the IAB-node DU can discard some symbols according to the assumption, e.g. symbol #0 and symbol #13 in Figure 4. Similarly, the discarded symbols are most likely located at the edge of slot, and the IAB-node DU can implement the discarding by semi-static or dynamic time domain resource allocation. Therefore, a more compact transition between MT and DU can be achieved.
[image: ]
Figure 4. Option 2: Prioritized backhaul links 
In conclusion, Option 1 and Option 2 prioritize access links and backhaul link respectively. Option 2 results in a more compact transition between MT and DU, and therefore it is preferred from spectral efficiency point of view.
Proposal 2: Adopt TP2 on resource multiplexing among backhaul and access links to TS 38.213 14.
	Text proposal 2:
----------------------------------------------- Start of Text Proposal 2 -----------------------------------------------
< Unchanged parts are omitted >
For a serving cell of an IAB-node MT, the IAB-node MT can be provided by guard-SymbolsProvided a number of symbols that will not be used for the IAB-node MT in slots where the IAB-node transitions between IAB-node MT and IAB-node DU. A SCS configuration for the number of symbols is provided by guardSymbol-SCS.
For a transition between IAB-node MT with either uplink or downlink symbols and IAB-node DU with flexible symbols, the IAB-node may assume the number of guard symbols for the transition is equal to the smaller value of the numbers of guard symbols for a transition between the IAB-node MT with either uplink or downlink symbols and IAB-node DU with downlink symbols and the number of guard symbols for a transition between IAB-node MT with either downlink or uplink symbols and IAB-node DU with uplink symbols.
< Unchanged parts are omitted >
----------------------------------------------- end of Text Proposal 2 -----------------------------------------------


Conclusion
Based on the discussions, we have the following proposals:
Observation: According to the current specification, the IAB node and its parent node can implicitly determine when the guard symbols should be inserted
· For unicast signals/channels, the guard symbols should be inserted on the MT resources at the transition points between the MT and DU, i.e., the edge of hard or SIA resources of DU
· For cell-specific signals/channels, the IAB node does not expect guard symbols will be inserted 
Proposal 1: Adopt TP1 on resource multiplexing among backhaul and access links to TS 38.213 14.
Proposal 2: Adopt TP2 on resource multiplexing among backhaul and access links to TS 38.213 14.
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