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For an IAB node, there are two different types of links: parent backhaul link and child link, where the child link can be further classified into child backhaul link and access link. When the IAB node switches from parent backhaul link to child link or the other way around, some switching gap (Tx->Rx or Rx-Tx) may be needed.
Based on the link type and direction of current slot and adjacent slot, there are four cases as listed below: 
· Case A: The current slot is a parent backhaul DL slot and the adjacent slot is a child link DL slot.
· Case B: The current slot is a parent backhaul DL slot and the adjacent slot is a child link UL slot
· Case C: The current slot is a parent backhaul UL slot and the adjacent slot is a child link UL slot.
· Case D: The current slot is a parent backhaul UL slot and the adjacent slot is a child link DL slot.
In this contribution, we discuss the impact of switching gaps on the frame structure of IAB. We first focus on the frame structure in TDM scenarios, where DL timing alignment (Case #1) is assumed. Then, frame structure in SDM/FDM scenarios is discussed, where different timing alignment cases are considered.
[bookmark: _Ref129681832]Frame structure of IAB
Frame structure in TDM scenarios
In this section, the frame structure for IAB in TDM scenarios is discussed. Specifically, the frame structure of a parent BH slot and its adjacent slots in terms of usable symbols including starting and ending symbols are studied. It should be noted that when consecutive slots are configured for parent BH link or child link, the frame structure of these slots will be same as a normal UE. Therefore, we only focus on the cases wherein the adjacent slots are allocated for parent BH and child link. 
In RAN1 #94, it was agreed that at least DL transmission timing alignment is supported for both the access and backhaul link [1]. This is essentially same to LTE TDD relay, where downlink transmission of RN and eNB are synchronized. Therefore, we first reviewed the frame structure of LTE relay, then discuss the potential frame structure design for NR IAB.
In LTE relay DL BH subframe, PHICH and CRS need to be transmitted in the first one or several OFDM symbols of an MBSFN subframe. Therefore, both eNB and RN should at least transmit in the first several symbols in every DL subframe.  A typical structure of DL BH subframe is shown in Figure 1, the first two symbols are occupied by the access link to convey PHICH, CRS, and PDCCH, and symbol #2 is reserved as guard period for Tx-Rx switching. Therefore, the BH reception starts from symbol #3. Since the first symbol of the next subframe is also occupied by the transmission of access link, the RN cannot receive the last symbol of current subframe. In LTE relay, the starting and ending symbols are configured by RRC.
In LTE relay UL BH subframe, a typical structure of BH subframe is depicted in Figure 2. The BH PUSCH starts from symbol #0, and ends with symbol #12. Because of the propagation delay and the PA switching gap, the RN cannot receive in the last symbol of previous subframe, and it cannot transmit in the last symbol of current subframe. In LTE, cell specific SRS can be configured in a subframe, and the UE/RN will not use the last symbol of such subframe even if there is no dedicated SRS. Therefore, the LTE relay leaves the puncturing of the last symbol to implementation.

Figure 1. Structure of downlink BH subframe in LTE

Figure 2. Structure of uplink BH subframe in LTE
Essentially, it can be observed the usable symbols within the BH subframe in LTE relay is impacted by the switching gap between transmission and reception. To study the frame structure for IAB, we focus on the following cases based on the link type and direction of current slot and adjacent slot
· Case A: The current slot is a parent backhaul DL slot and the adjacent slot is a child link DL slot.
· Case B: The current slot is a parent backhaul DL slot and the adjacent slot is a child link UL slot.
· Case C: The current slot is a parent backhaul UL slot and the adjacent slot is a child link UL slot.
· Case D: The current slot is a parent backhaul UL slot and the adjacent slot is a child link DL slot.
Case A: The current slot is a parent backhaul DL slot and the adjacent slot is a child link DL slot
In NR, there is no PHICH or CRS, the IAB node does not need to always transmit in the first symbol(s) at the child link in the DL slot. Depending on whether the IAB node will actually transmit at the child link using the first several OFDM symbols, e.g. PDCCH, there are two design options for the starting symbol of a parent BH DL slot as shown in Figure 3 (a)
· Option 1: If the IAB node transmits DL at child link using the first one or several symbols in the current slot, the parent BH link cannot be scheduled on first few symbols of the current slot. This is essentially same to the frame structure in LTE relay.
· Option 2: If the IAB node does not transmit DL using the first one or several symbols at the child link in the current slot, the starting symbol of the current slot depends on whether there is DL transmission at the child link in the previous slot.
· Option 2-1: If the IAB node transmits at the child link in the last OFDM symbol of the previous slot, the parent BH link cannot be scheduled on first symbol of the current slot.
· Option 2-2: If the IAB node does not transmit at the child link in the last OFDM symbol of the previous slot, the parent BH link can be scheduled on the first symbol of the current slot.
Similarly, depending on whether there will be DL transmission in the first symbols of the next slot, there are two design options for the ending symbols of a parent BH DL slot as shown in Figure 3 (b)
· Option 1: If the IAB node transmits at the child link in the first OFDM symbol of the next slot, the parent BH link cannot be scheduled on last symbol of the current slot.
· Option 2: If the IAB node does not transmit at the child link in the first OFDM symbol of the next slot, the parent BH link can be scheduled on the last symbol of the current slot.
(a). DL starting symbol of in the current slot 

(b). DL ending symbol of the current slot 
Figure 3. Structure of downlink BH slot in NR
Case B: The current slot is a parent backhaul DL slot and the adjacent slot is a child link UL slot
The above discussion assumes the adjacent slots are DL slots, and now we consider the scenario where the adjacent slots are UL slots. Because of the Tx-Rx switch (denote as TA offset in the spec) and propagation delay, the DL reception of MT lags behind the UL reception of DU within an IAB node. Therefore, if the IAB node is switching from UL slot of DU to DL slot of MT, there will be no resource waste. If the IAB node is switched from DL slot of MT to UL slot of DU, there will be resource collision, the last symbol of the DL slot or the first symbol of the UL slot should be punctured as shown in Figure 4

Figure 4. Structure of downlink BH slot in NR
Case C: The current slot is a parent backhaul UL slot and the adjacent slot is a child link UL slot
Depending on whether the IAB node needs to receive the last symbol at child link in the previous slot, e.g. short PUCCH, there are two design options for the starting symbol of a parent BH UL slot as shown in Figure 5 (a)
· Option 1: If the IAB node needs to receive the last symbol at child link in the previous slot, the parent BH link should not be scheduled on the first symbol of the current slot. 
· Option 2: If the IAB node does not need to receive last symbol at child link in the previous slot, parent BH link can be scheduled on first symbol of the current slot.
Depending on whether the IAB node needs to receive the last symbol of the current slot or the first symbol of the next slot, there are three design options for the ending symbol of a parent BH UL slot as shown in Figure 5 (b)
· Option 1: If the IAB node needs to receive the last symbol at child link in the current slot, the parent BH link should not be scheduled on the last two symbols of the current slot. 
· Option 2: If the IAB node needs to receive the first OFDM symbol of the next slot, the parent BH link should not be scheduled on last symbol of the current slot.
· Option 3: If the IAB node does not receive the last symbol at child link in the current slot or the first OFDM symbol of the next slot, the parent BH link can be scheduled on last symbol of the current slot.

(a). UL starting symbol

(b). UL ending symbol 1
Figure 5. Structure of uplink BH slot in NR
Case D: The current slot is a parent backhaul UL slot and the adjacent slot is a child link DL slot
The above discussion assumes the adjacent slots are UL slots, and now we consider the situation where the adjacent slots are DL slots, which is shown in Figure 6. Due to the TA offset and propagation delay, the DL transmission of DU lags behind the UL transmission of MT. Therefore, if the IAB node is switched from UL slot of MT to DL slot of DU, there will be no resource wasting. If the IAB node is switched from DL slot of DU to UL slot of MT, there will be resource collision, and the last symbol of the DL slot or the first symbol of the UL slot should be punctured.

Figure 6. Structure of uplink BH slot in NR
Based on the above discussion, Tables 1 and 2 summarized the possible starting and ending OFDM symbol in the backhaul slot. 
Table 1: The starting and ending OFDM symbol in the downlink parent backhaul slot
	Nth slot
	(N-1)th slot
	(N+1)th slot
	PDCCH symbol number1 in each DL slot
	Starting symbol
	Ending symbol

	Parent BH DL
	Child DL
	-
	2
	3
	-

	
	Child DL
	-
	0
	1
	-

	
	Child DL
	-
	0
	0
	-

	
	Child UL
	-
	2
	3
	-

	
	Child UL
	-
	0
	0
	-

	
	-
	Child DL
	2
	-
	12

	
	-
	Child DL
	0
	-
	13

	
	-
	Child UL
	0
	-
	12

	
	-
	Child UL
	0
	-
	13

	Note 1: 2 symbols AC PDCCH is assumed. For starting symbol, PDCCH symbol number in Nth slot is concerned, and for ending symbol, PDCCH symbol number in (N+1)th slot is concerned.


Table 2: The starting and ending OFDM symbol in the uplink parent backhaul slot
	Nth slot
	(N-1)th slot
	(N+1)th slot
	PUCCH symbol number1 in each UL slot
	Starting symbol
	Ending symbol

	Parent BH UL
	Child DL
	-
	0
	1
	-

	
	Child DL
	-
	0
	0
	-

	
	Child UL
	-
	1
	1
	-

	
	Child UL
	-
	0
	0
	-

	
	-
	Child DL
	1
	-
	11

	
	-
	Child DL
	0
	-
	13

	
	-
	Child UL
	1
	-
	11

	
	-
	Child UL
	0
	-
	12

	
	-
	Child UL
	0
	-
	13

	Note 1: 1 symbol AC PUCCH is assumed. For starting symbol, PUCCH symbol number in (N-1)th slot is concerned, and for ending symbol, PUCCH symbol number in Nth slot is concerned.


Based on the above discussion, we have following observation:
Observation 1: The starting and ending symbol of the parent backhaul slot is impacted by the switching gap between transmission and reception as well as the usage of neighboring symbols in the adjacent slots.
Frame structure in SDM/FDM scenarios
In this section, the frame structure for IAB in SDM/FDM scenarios is discussed. 
First, the frame structure for IAB assuming timing alignment in Cases #2 and #6 are considered, which are proposed to support SDM/FDM. As analyzed in [2], the downlink Tx timing of Case #2 cannot guarantee the inter-cell synchronization, which results in two different downlink timing at the IAB nodes.
We consider a slot where Case #2 is adopted to support SDM/FDM, and assume the previous slot of IAB node is a downlink slot, which adopts Case #1 for DL Tx timing. As show in Figure 7, the IAB node has two TXRUs. At the first TXRU, the IAB node transmits the access/child BH to UE/child node. At the second TXRU, the IAB node transmits the PUSCH to the parent node.
It can be observed from Figure 7 that there is a timing offset between Cases #1 and #2, which is equal to the sum of TA offset and propagation delay. Therefore, the first symbol of the current slot or the last symbol of the previous slot should be punctured.
Therefore, we have the following observation:
Observation 2: In case of FDM/SDM, the transmission timing misalignment between Cases #1 and Case #2 lead to some resource wasting.

Figure 7. Frame structure under Case #2
In RAN1 #94, it was decided to further study timing alignment Case #6.
· Case #6 (Case#1 DL transmission timing + Case #2 UL transmission timing):
· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· the UL transmission timing of an IAB node can be aligned with the IAB node’s DL transmission timing
Then, we discuss the uplink BH frame structure under the assumption of Case #6, and an example is shown in Figure 8. Since the BH PUSCH adopts the downlink timing of DU, the transition from transmission of the previous slot to the current slot is seamless. For comparison, Case #1 always results in symbol puncturing due to the PA switching, and Case #2 results in symbol puncturing due to the multiple DL timing. Therefore, we have the following observation:
Observation 3: In case of FDM/SDM, Case #6 can reduce the resource wasting which is resulted from the PA switching in Case #1 or multiple DL timing in Case #2.

Figure 8. Frame structure under Case #6
Second, we consider the frame structure under Cases #3 and Case #7, which are proposed to support SDM/FDM Rx. As discussed in [2], when Case #3 uplink receiving timing is adopted by the IAB node, the associated downlink transmission timing cannot guarantee inter-cell synchronization. Therefore, Case #7 (Case#1 DL transmission timing + Case #3 UL reception timing) is proposed to solve this problem.

Figure 9. Frame structure under Case #7 (option 1)
An example is depicted in Figure 9, which assumes that the first symbol of the slot and the next slot are occupied by the IAB DU to transmit PDCCH. Thus the available symbols for DL parent BH are from symbol #2 to symbol #12, accordingly, as illustrated by IAB node UL Rx, the available symbols for access/child BH are also from symbol #2 to symbol #12. However, the allocation of PUSCH will cause the UL receiving timing of IAB node lags behind the DL transmission timing, which is not consistent with the current specification. To solve this problem, there are two possible solutions:
· Option 1: IAB node configures negative TA to the UE/child node, which is shown in Figure 9.
· Option 2: The uplink receiving timing can align with the downlink receiving timing with an offset of a single symbol, which is shown in Figure 10.

Figure 10. Frame structure under Case #7
Comparing Figures 9 and 10, it can be seen that the two options lead to different frame structures.
Although the slot patterns in different scenarios of multiplexing may be different, they can be defined in a unified framework, i.e., the starting and ending OFDM symbol location. Therefore, we have the following proposal.
Proposal 1: RAN1 should study and define the slot pattern of the parent backhaul slot, i.e., the starting and ending OFDM symbol location.
Conclusions
In this contribution, we discuss the frame structure of IAB.  Based on the discussion, the following observations and proposals are made,
Observation 1: The starting and ending symbol of the parent backhaul slot is impacted by the switching gap between transmission and reception as well as the usage of neighboring symbols in the adjacent slots.
Observation 2: In case of FDM/SDM, the transmission timing misalignment between Cases #1 and Case #2 lead to some resource wasting.
Observation 3: In case of FDM/SDM, Case #6 can reduce the resource wasting which is resulted from the PA switching in Case #1 or multiple DL timing in Case #2.
Proposal 1: RAN1 should study and define the slot pattern of the parent backhaul slot, i.e., the starting and ending OFDM symbol location.
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