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[bookmark: OLE_LINK1]Introduction
RAN1#98bis has made the following agreements for resource multiplexing among backhaul and access links [1]. 
· Dynamic indication of UL-Flexible-DL (intended to dynamically update the flexible symbols) is supported for IAB-node MTs
· The dynamic indication of slot formats of UL-Flexible-DL should use DCI format 2_0 and reserved entries in Table 11.1.1-1 in 38.213. 
· H/S/NA attributes for the per-cell DU resource configuration are explicitly indicated per-resource type (D/U/F) in each slot.
· The donor CU and the parent node can be made aware of the multiplexing capability between MT and DU (TDM required, TDM not required) of an IAB node to for any {MT CC, DU cell} pair.
· Signaling details up to RAN2/RAN3.
· The behaviour for conflict resolution as defined in RAN1 #96bis applies in general and it is not an exception for when the MT is configured with cell specific signals/channels.
· [bookmark: _Hlk22168000]A parent IAB node can be made aware of the number of symbols Ng the child IAB node would like the parent IAB node not to use at the edge (beginning or end) of a slot when there is a transition between child MT and child DU. Separately or additionally, the child IAB node can be made aware of the number of guard symbols that the parent IAB node will provide.
· Ng can be provided for each of the [8] possible transitions with potential overlap:
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	DL Tx
	UL Rx
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· If Ng is not provided it is assumed to be 0
NOTE: this agreement does not introduce any performance requirement on IAB nodes.
· The minimum granularity of explicit indication of DU-IA for IAB DU is per resource type (D/U/F) in a slot.
· The explicit indication of DU-IA is provided using the DCI Format 2_0 framework.
· FFS the following alternatives (to be down-selected): 
· Alt 1:  Reuse existing DCI Format 2_0, select/reinterpret current and, possibly, some reserved entries in Table 11.1.1-1 in 38.213 to indicate DU-IA.
· Alt 2:  Reuse existing DCI Format 2_0, select reserved entries of Table 11.1.1-1 in 38.213 to indicate DU-IA.
· Alt 3:  New DCI Format.
· A DCI following the DCI Format 2_0 structure is used to indicate DU-IA to an IAB node using a new IA-RNTI different from SFI-RNTI.
· This DCI contains one or multiple fields (similar to SFI-index fields in DCI Format 2_0), each field value is used as the index in an RRC configured AI (Availability Indicator) AvailabilityCombination table (similar to the SFI SlotFormatCombination table).
· Each entry in the AI AvailabilityCombination table indicates the resource availability for a set of consecutive slots.
· Each element of each entry in the AI AvailabilityCombination table indicates the resource availability in a slot.
· The resource availability can take 8 values:
	Value
	Meaning

	0
	No resources available

	1
	D resources available

	2
	U resources available

	3
	D and U resources available

	4
	F resources available

	5
	D and F resources available

	6
	U and F resources available

	7
	All resources available


· The maximum number of entries in the AI AvailabilityCombination table is 512.
In this contribution, based on those discussion and agreements, we further elaborate on mechanisms for resource multiplexing among backhaul and access link. 
[bookmark: _Ref510628869]Guard symbols for resource transition between co-located IAB DU/MT
[bookmark: _Ref510629010]Ng calculation and range
In one IAB node, the co-located IAB DU and IAB MT may have resource transition in the adjacent slots as shown in Figure 1. There are in total eight resource transition cases depending on whether MT Tx/Rx is followed by DU Tx/Rx (Case A1-A4) or DU Tx/Rx is followed by MT Tx/Rx (Case B1-B4).
[image: ]
Figure 1: eight resource transition cases in the adjacent slots for co-located IAB DU/MT
There are several factors related to Ng calculation and range: 
· Transmission propagation delay  from parent DU to the IAB MT (MT Rx);
· TA is applied for the IAB MT for UL transmission to the parent DU (MT Tx).
· There exists switching time between any transitions among DU Tx, DU Rx, MT Tx, and MT Rx.
· The OFDM symbol duration .


[bookmark: _Hlk23720200]To decide the value of propagation delay , one reference is the range of  where and  = 0, 1, 2, ..., 3846 as defined in TS38.213. However, the maximum  value can be up to 2ms, which is in the level of slots and designed for large cell size. To derive Ng, we need to have a more reasonable assumption on the IAB cell range. One reasonable assumption is to use 10km as maximum inter-IAB node distance. 
We give an example of IAB maximum cell radius 10km and SCS 15kHz (with the OFDM symbol ) scenario. Then, the one-way transmission propagation delay is  and in the [0,0.5] symbol range. The TA which is   defined TS38.213 can be considered as , where  is defined in TS38.133 Table 7.1.2-2. Hence, the TA is in the [0,1.5] symbol range. We also let  be a reference for switching time between different transitions between DU/MT, which is [0,0.5] symbol range. Then, we list the number of guard symbols (Ng) for those eight possible resource transitions in the following Table 1. 

Table 1 Ng calculation and range for IAB maximum cell radius 10km and SCS 15kHz.

	MT to DU
	DL Tx
	UL Rx

	DL Rx
	
Ng range: [1]
	
Ng range: [1,2]

	UL Tx
	
Ng range: [0,1]
	
Ng range: [0,1]

	DU to MT
	DL Rx
	UL Tx

	DL Tx
	
Ng range: [0,1]
	
Ng range: [1,2]

	UL Rx
	
Ng range: [0,1]
	
Ng range: [1,2]



It can be seen that the value of Ng depends on switching time, propagation delay  and OFDM symbol duration , which could have different values depending on carrier frequency and SCS. There are three options to generate the Ng table: 
· Option 1: Use a single Ng table for all carrier frequencies and SCSs. 
With this option, we need to use the same switching time,  value and  value for all carrier frequency ranges and SCS values. For example, the  value can be calculated based on a reference SCS (e.g., 15kHz). Another possibility is to let switching time and  value proportionally scale with respect to , so that Ng table can remain the same. 
· Option 2: Generate two tables for FR1 and FR2, respectively. 
With this option, switching time and  can use different values for FR1 and FR2. Different reference SCSs can be used for FR1 and FR2 to calculate reference  values (e.g., 15kHz for FR1, 60 kHz for FR2).  
· Option 3: Generate Four tables for SCS = {15kHz, 30kHz, 60kHz, 120kHz}, respectively. 
With this option, switching time,  value and  value can be individually decided for each SCSs.  
Considering overhead and flexibility, Option 2 is preferred. 
Proposal 1: There are three options to generate the Ng table:
·  Option 1: Use a single Ng table for all carrier frequencies and SCSs. 
·  Option 2: Generate two tables for FR1 and FR2, respectively. 
· Option 3: Generate Four tables for SCS = {15kHz, 30kHz, 60kHz, 120kHz}, respectively. 
Option 2 is preferred. 
Explicit signaling about IAB DU’s dynamic scheduling to the parent DU
For the eight resource transition cases, there are some cases may have resource waste if the parent DU is not aware of the IAB DU’s dynamic scheduling information. 
[image: ]
Figure 2: Case B1/Case B3 illustration
For example, for Case B1 with DU Tx followed by MT Mx in Figure 2, without the dynamic scheduling information of the IAB DU, the parent DU decides and informs the IAB MT to apply Ng guard symbols at the beginning of MT UL transmission at slot#n+1. However, DU Tx at slot #n is actually not scheduled, which means the Ng symbols for backhaul transmission are wasted. Similar Ng waste will happen for Case B3. 
In other words, if the parent DU knows the dynamic scheduling information of the IAB DU in advance, it can have better resource usage regarding the Ng symbols. Hence, it is preferable to explicit signal IAB DU’s dynamic scheduling information to the parent DU. 
Proposal 2: Parent DU can be made aware of IAB DU’s dynamic scheduling information for better resource utilization. 
Conclusion
In this contribution, we discussed mechanisms for resource multiplexing among backhaul and access link. It is summarized by the following proposals. 
Proposal 1: There are three options to generate the Ng table:
·  Option 1: Use a single Ng table for all carrier frequencies and SCSs. 
·  Option 2: Generate two tables for FR1 and FR2, respectively. 
· Option 3: Generate Four tables for SCS = {15kHz, 30kHz, 60kHz, 120kHz}, respectively. 
Option 2 is preferred. 
Proposal 2: Parent DU can be made aware of IAB DU’s dynamic scheduling information for better resource utilization. 
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