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Introduction
This contribution further discusses the following remaining issues in Rel-16 IAB resource multiplexing.
· Ambiguity of starting slot in soft resource availability indication. 
· The missing of details for indication of soft resource availability in case of paired spectrum.
Remaining issues
Starting slot within DCI 2_5 indication
The current TS 38.213 states the following:
An AI index field value in a DCI format 2_5 indicates to an IAB-node DU a soft symbol availability in each slot for a number of slots starting from a slot where the IAB-node detects the DCI format 2_5.
We re-write the statement in a more precise way as following: 
An AI index field value in a DCI format 2_5 indicates to an IAB-node DU a soft symbol availability in each [reference DU] slot for a number of [reference DU] slots starting from a [reference DU vs. actual MT?] slot where the IAB-node detects the DCI format 2_5.
While it is likely the common understanding that the [reference DU] slot means the slot on DU interface with the SCS configured by availabilityCombinations for a serving cell of IAB-DU, it is unclear whether the “slot where the IAB node detects the DCI format 2_5” refers to the reference DU slot or the actual MT slot where the DCI detection occurs. The language itself can read either way due to the logics that,
· The starting slot of a series of reference DU slots should be logically a reference DU slot as well.
· On the other hand, it is normally the actual MT slot that the specification talks about where the DCI is detected.   
The difference between the two terminologies may not matter too much if reference DU slot and actual MT slot share the same numerology. However, the ambiguity can arise if the reference DU slot has different SCS from actual MT slot. 
· If “the slot” where the indicated slots start from and where the DCI 2_5 detection occurs refers to “DU slot”, the ambiguity happens when DU slot has higher SCS than MT slot, as shown in Figure 1. In this case, the MT slot containing the resources of DCI 2_5 or even the DCI 2_5 resource itself would overlap with 2 reference DU slots, which means there could be more than one “starting instance” for an availability indication.
· If “the slot” where the indicated slots start from and where the DCI 2_5 detection occurs refers to “MT slot”, the ambiguity happens when DU slot has lower SCS than MT slot, as shown in Figure 2. In this case, the DCI 2_5 detection occurs in the 2nd MT slot, which means “the starting slot” does not lead a full DU slot. Then it becomes uncertain whether the indicated DU slots should count from which of the two instances as shown in Figure 2. 
Therefore, it is necessary to 
· differentiate “the slot where the indicated DU slots start” (as DU slot) and “the slot where the DCI 2_5 is detected” (as MT slot); and
· setup a linkage rule between the two kinds of slots, e.g., using the first DU slot in overlapping as the “starting slot” of resource availability indication.  


Figure 1: SCS configured by availabilityCombinations is higher than MT SCS for DCI format 2_5


Figure 2: SCS configured by availabilityCombinations is lower than MT SCS for DCI format 2_5
Proposal 1: To adopt the following 38.213 TP for determination of starting slot of DCI 2_5 indication. 
	An AI index field value in a DCI format 2_5 indicates to an IAB-node DU a soft symbol availability in each slot for a number of slots starting from a the earliest slot that overlaps with a MT slot where the IAB-node detects the DCI format 2_5.


 
Indication of soft resource availability in case of paired spectrum
For paired spectrum, RAN1#100b-e reached the following agreement [1]:
	Agreements For paired spectrum, the DU resource configuration framework is extended with the following:
Two separate per-cell D/U/F and H/S/NA configurations are provided for DL and UL respectively.
Whether this signalling is supported in Rel-16 is up to RAN3 and no additional specification impact is considered in RAN1 in Rel-16 for IAB operation in paired spectrum.


RAN3[2] has accordingly provided the signaling related to D/U/F and H/S/NA configurations for DL and UL respectively in paired spectrum. The signaling are called “gNB-DU Cell Resource Configuration-FDD-DL” and “gNB-DU Cell Resource Configuration-FDD-UL”. Meanwhile, RAN3 also updated the signaling for unpaired spectrum to “gNB-DU Cell Resource Configuration-TDD”. 
For the reference SCS determination for soft resource availability indication, the current RAN1 specification only contains the text for unpaired spectrum case. The description for paired spectrum case is missing. The following RAN1 spec change should be considered to align specifications between RAN1 and RAN3.  
· To rename the parameter “IAB-DU-Resource-Configuration-TDD-Config” in 38.213 to “gNB-DU Cell Resource Configuration-TDD”.
· To add following description in 38.213 for paired spectrum operation: 
The IAB-DU can assume a same SCS configuration for availabilityCombinations for IAB-DU downlink of a serving cell as an SCS configuration provided by gNB-DU Cell Resource Configuration-FDD-DL for the serving cell, and a same SCS configuration for availabilityCombinations for IAB-DU uplink of a serving cell as an SCS configuration provided by gNB-DU Cell Resource Configuration-FDD-UL for the serving cell. 
The current TS 38.213 also does not show how to determine the availability of soft resources for paired spectrum by DCI format 2_5. DCI format 2_5 structure is similar as DCI format 2_0 for a UE in Section 11 of TS 38.213 except that soft resources availability for an IAB-DU can be indicated by DCI format 2_5 and slot formats for a UE can be indicated by DCI format 2_0. Consequently, there can be two alternatives:
· 


Alt1: to apply a similar way as in slot format determination with DCI format 2_0 to paired spectrum, i.e., for each  values provided by resourceAvailability, the first  values for the soft symbol availability combination is applicable to DL carrier and the next  values are applicable to the UL carrier. 
· Alt2: to add a parameter resourceAvailability_UL in TS38.213 for indicating resource availability for uplink of an IAB-DU serving cell and to reuse the resource availability indication signaling of unpaired spectrum for downlink of paired spectrum. 
[bookmark: _GoBack]In Alt1, the maximum number of slots that can be indicated by an AI index field value becomes fewer comparing to Alt2 for each of uplink and downlink. Further, Alt2 is more logically straight-forward and simpler to implement. In fact, RAN2 has the corresponding discussion as well [3].  
[bookmark: _Toc354]Proposal 2: To adopt following 38.213 TPs in determining the availability of soft resources for paired spectrum.
	14	Integrated access-backhaul operation 
< Unchanged parts are omitted >
For each serving cell of an IAB-DU in a set of serving cells of the IAB-DU, the IAB-DU can be provided: 
-	an identity of the IAB-DU serving cell by iabDuCellId-AI
-	a location of an availability indicator (AI) index field in DCI format 2_5 by positionInDCI-AI
-	a set of availability combinations by availabilityCombinations, where each availability combination in the set of availability combinations includes
-	for unpaired spectrum operation,
-	resourceAvailability indicating availability of soft symbols in one or more slots for the IAB-DU serving cell, and 
-	a mapping for the soft symbol availability combinations provided by resourceAvailability to a corresponding AI index field value in DCI format 2_5 provided by availabilityCombinationId
-	for paired spectrum operation
-	resourceAvailability indicating availability of soft symbols in one or more slots for downlink for the IAB-DU serving cell, and 
-	resourceAvailability_UL indicating availability of soft symbols in one or more slots for uplink for the IAB-DU serving cell, and
-	a mapping for the soft symbol availability combinations provided by resourceAvailability and resourceAvailability_UL to a corresponding AI index field value in DCI format 2_5 provided by availabilityCombinationId
For unpaired spectrum operation, Tthe IAB-DU can assume a same SCS configuration for availabilityCombinations for a serving cell as an SCS configuration provided by IAB-DU-Resource-Configuration-TDD-Config gNB-DU Cell Resource Configuration-TDD for the serving cell.
For paired spectrum operation, the IAB-DU can assume a same SCS configuration for availabilityCombinations for IAB-DU downlink of a serving cell as an SCS configuration provided by gNB-DU Cell Resource Configuration-FDD-DL for the serving cell, and a same SCS configuration for availabilityCombinations for IAB-DU uplink of a serving cell as an SCS configuration provided by gNB-DU Cell Resource Configuration-FDD-UL for the serving cell.
An AI index field value in a DCI format 2_5 indicates to an IAB-DU a soft symbol availability in each slot for a number of slots starting from a slot where the IAB-node detects the DCI format 2_5. The number of slots is equal to or larger than a PDCCH monitoring periodicity for DCI format 2_5 as provided by SearchSpace. The AI index field includes [image: ] bits where maxAIindex is the maximum of the values provided by corresponding availabilityCombinationId. An availability for a soft symbol in a slot is identified by a corresponding value resourceAvailability or resourceAvailability_UL as provided in Table 14-3.
Table 14-3: Mapping between values of resourceAvailability or resourceAvailability_UL elements and types of soft symbol availability in a slot
< Unchanged parts are omitted >


[bookmark: _Toc24792][bookmark: _Toc6764][bookmark: _Toc939]
[bookmark: _Toc19141][bookmark: _Toc30716][bookmark: _Toc8335]Conclusion
According to the discussion above, we provide the following proposals on resource multiplexing of IAB:
Proposal 1: To adopt the following 38.213 TP for determination of starting slot of DCI 2_5 indication. 
	An AI index field value in a DCI format 2_5 indicates to an IAB-node DU a soft symbol availability in each slot for a number of slots starting from a the earliest slot that overlaps with a MT slot where the IAB-node detects the DCI format 2_5.



Proposal 2: To adopt following 38.213 TPs in determining the availability of soft resources for paired spectrum.
	14	Integrated access-backhaul operation 
< Unchanged parts are omitted >
For each serving cell of an IAB-DU in a set of serving cells of the IAB-DU, the IAB-DU can be provided: 
-	an identity of the IAB-DU serving cell by iabDuCellId-AI
-	a location of an availability indicator (AI) index field in DCI format 2_5 by positionInDCI-AI
-	a set of availability combinations by availabilityCombinations, where each availability combination in the set of availability combinations includes
-	for unpaired spectrum operation,
-	resourceAvailability indicating availability of soft symbols in one or more slots for the IAB-DU serving cell, and 
-	a mapping for the soft symbol availability combinations provided by resourceAvailability to a corresponding AI index field value in DCI format 2_5 provided by availabilityCombinationId
-	for paired spectrum operation
-	resourceAvailability indicating availability of soft symbols in one or more slots for downlink for the IAB-DU serving cell, and 
-	resourceAvailability_UL indicating availability of soft symbols in one or more slots for uplink for the IAB-DU serving cell, and
-	a mapping for the soft symbol availability combinations provided by resourceAvailability and resourceAvailability_UL to a corresponding AI index field value in DCI format 2_5 provided by availabilityCombinationId
For unpaired spectrum operation, Tthe IAB-DU can assume a same SCS configuration for availabilityCombinations for a serving cell as an SCS configuration provided by IAB-DU-Resource-Configuration-TDD-Config gNB-DU Cell Resource Configuration-TDD for the serving cell.
For paired spectrum operation, the IAB-DU can assume a same SCS configuration for availabilityCombinations for IAB-DU downlink of a serving cell as an SCS configuration provided by gNB-DU Cell Resource Configuration-FDD-DL for the serving cell, and a same SCS configuration for availabilityCombinations for IAB-DU uplink of a serving cell as an SCS configuration provided by gNB-DU Cell Resource Configuration-FDD-UL for the serving cell.
An AI index field value in a DCI format 2_5 indicates to an IAB-DU a soft symbol availability in each slot for a number of slots starting from a slot where the IAB-node detects the DCI format 2_5. The number of slots is equal to or larger than a PDCCH monitoring periodicity for DCI format 2_5 as provided by SearchSpace. The AI index field includes [image: ] bits where maxAIindex is the maximum of the values provided by corresponding availabilityCombinationId. An availability for a soft symbol in a slot is identified by a corresponding value resourceAvailability or resourceAvailability_UL as provided in Table 14-3.
Table 14-3: Mapping between values of resourceAvailability or resourceAvailability_UL elements and types of soft symbol availability in a slot
< Unchanged parts are omitted >
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