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In this paper, we discuss some further enhancements for IAB:
· When there are flexible symbols at the DU, define a rule on how many symbols should be assumed at the IAB-MT.
· When timing misalignment between MT and DU is large, negative guard symbol may increase the resource utilization of backhaul link.
[bookmark: _Ref129681832]Discussion
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 1. 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 1. 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 2. 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 2 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 3. 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.
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Figure 3. 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 1: 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)
Negative number of guard symbols
In Rel-16, a range of 0-4 symbols are supported for each transition between MT and DU, and additional entries are reserved for future use.
The number of guard symbols is determined from the timing misalignment between MT and DU. Specifically, the number of guard symbols for DU-to-MT switching is  and the number of guard symbols for MT-to-DU switching is , as illustrated in Figure 4, where
·  denotes the RF switching interval between MT and DU
·  denotes the time misalignment, i.e. frame timing difference, between MT and DU;
·  denotes the OFDM symbol duration 
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Figure 4: The timing misalignment and switching interval between MT and DU resources
As agreed in RAN1 #99, the range of guard symbols is [0, 4], however, in some situation, negative numbers of guard symbols is possible. Considering the long distance of backhaul link, e.g. 2.5 km, the range of propagation delay of backhaul link is [0, 8.3] us. The maximum allowed TX/RX switching interval for the same transceiver in FR2 is defined as 3 us according to RAN4, which can be used as a reference for the TX-RX/RX-TX switching interval between MT and DU.  is defined as 13793[Tc] for FR2, and the range of T_delta defined by RAN4 are listed in Table 1. As an example, the corresponding guard symbol numbers of 120 kHz SCS for eight DU/MT switching patterns are listed in Table 2.
Table 1. Range of T_delta
	SCS [kHz]
	Max T_delta [Tc]
	Min T_delta [Tc]

	15
	- [image: ]/2 + 6256
	- [image: ]/2 - 70528

	30
	- [image: ]/2 + 6128 
	- [image: ]/2 - 35328

	60
	- [image: ]/2 + 6032
	- [image: ]/2 - 17664

	120
	- [image: ]/2 + 6032
	- [image: ]/2 - 8816


Table 2. Range of guard symbols for 120 kHz SCS with IAB maximum cell radius 2.5km
	Switching pattern
	Overlapping Region(us)
	Range of guard symbol

	DU TX→MT RX
	[-5.3,3]
	[0,1]

	MT RX→DU TX
	[3,11.3]
	[1,2]

	DU RX→MT TX
	[-12.1, 26.4]
	[-1,3]

	MT TX→DU RX
	[-20.4,18.1]
	[-2,2]

	DU TX→MT TX
	[3.9,27.4]
	[1,4]

	MT TX→DU TX
	[-14.4,2.1]
	[-1,1]

	DU RX→MT RX
	[-14.4,2.1]
	[-1,1]

	MT RX→DU RX
	[3.9,27.4]
	[1,4]


Based on the result above, it is obvious that negative number of guard symbol is possible, which means there’s no overlap of symbols. An example for negative guard symbols is shown in Figure 5, where the last available symbol for MT is symbol #7, and the first available symbol for DU is symbol #7 too; therefore, Ng=-1. Although keeping the smallest value of Ng as 0 does not bring negative performance, introducing negative Ng number can increase the spectral efficiency, especially for intra-slot transition. Moreover, with the introducing of slot format beginning with uplink symbols to support SDM transmission in IAB node, there will be more scenarios with negative guard symbols, e.g., switching pattern with DU RX to MT TX, and DU RX to MT RX.
[image: ]
Figure 5: Negative guard symbol for MT TX to DU RX switching
Proposal 2: Introduce negative value of Ng to support efficient resource utilization.
Conclusions
Based on the discussion, we have the following proposal:
Proposal 1: 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)
Proposal 2: Introduce negative value of Ng to support efficient resource utilization.
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