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Introduction
In RAN1 #97 meeting [1], the indication of H/S/NA for the DU resource configuration was discussed, and four alternatives were made:
	Agreements:
· Indication of H/S/NA for the DU resource configuration is based on one of the following alternatives:
· Alt. 1: H/S/NA is additionally explicitly indicated per-resource type (D/U/F) in each slot
· To handle potential misalignment in time of the configured DU and MT resources when determining the validity of H/S/NA at the DU one of the following sub-alternatives need to be supported:
· 1a: H/S/NA is applied relative to the DU resource configuration (D/U/F) slot timing without considering the MT resource configuration or timing.
· FFS: definition of additional restrictions on the usage of the semi-static configuration (e.g. guard symbols) based on deployment scenario or DL/UL switching times within an IAB node, etc.
· FFS: How the CU can get information about the required guard symbols for a given DU configuration if needed
· 1b: H/S/NA is applied relative to the MT resource configuration (D/U/F) slot timing.
· FFS: Whether and/or how the CU will know the actual H/S/NA resources at the child DU
· FFS whether S is explicitly indicated or not
· 1c: H is applied relative to the DU resource configuration (D/U/F) slot timing. S is not explicitly indicated, but implicitly determined by the DU based on whether the corresponding MT configuration indicates the MT resources is F (DU-S). The remaining resources are assumed to be NA at the child DU.
· FFS: Whether and/or how the CU will know the actual S/NA resources at the child DU
· Alt. 2: NA is explicitly indicated as a resource type in each slot for both the DU and MT configuration. H/S is not explicitly indicated, but implicitly determined by the DU based on the corresponding MT configuration 
· FFS: how to handle the case where there is not a 1-1 mapping of DUs and MTs in the child IAB node


In this contribution, we discuss about the indication issue of H/S/NA for DU resource configuration.  Analysis of the pros and cons of each alternative are provided. Still some transmission conflict issues are found under certain alternatives, views and analysis are also provided.

Discussion on H/S/NA indication for DU resource configuration 
In the last meeting, the timing misalignment of determining H/S/NA validity between MT and DU within one IAB has been raised. Due to factors such as the propagation delay and switching gap, the resource configuration (D/U/F) slot timing will be different between MT and DU, as briefly shown in Figure 1. Two categories of alternatives are proposed to handle the timing misalignment, where Alt. 1 are further divided into 3 sub-alternatives. In this section, we discuss the pros and cons of different options in determining the validity of H/S/NA, along with the transmission conflict that may happen due to the timing misalignment. 
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(a)                           (b)
Figure 1. Timing misalignment between the DU and MT: (a) Downlink case; (b) Uplink case
2.1 Alternative 1a
In the alternative 1a, the H/S/NA is applied relative to the DU resource configuration (D/U/F) slot timing without considering the MT resource configuration or timing. 
Based on the definition of H/S/NA, it is a property configured for the DU resources; therefore, it is straightforward to determine the validity of H/S/NA according to the DU’s timing. It is apparent that Alt. 1 allows the CU to do the semi-static configuration according to the unit of one DU slot, and the DU to do the slot-based scheduling in most cases, even when the CU has no knowledge of the timing misalignment within IAB nodes. 
Observation 1: 
For alternative 1a, CU could configure the H/S/NA for each slot without any knowledge of timing misalignment. 
It should be noted that due to the timing misalignment, the transmitting and receiving conflicts may occur under certain H/S/NA configurations. Take the case shown in Figure 1(a) as an example. Assume that slot Z is configured as hard and is scheduled for the downlink transmission to the child MT; meanwhile, slot X and slot Y in child DU are configured as NA and hard, respectively. In such a case, the receiving slot of child MT will overlap with the transmission slot of child DU, which conflicts with IAB half-duplex limitation. However, we think that for the Alt. 1 to work properly, the CU does not necessarily need to know the timing information (e.g., the propagation delay, switching gap). The reasons are twofold.
Firstly, the conflicts only happen under certain configurations, and it can be handled based on internal implementation of IAB. To discuss it in more details, Figure 2 lists all possible configuration cases. It is shown that the confliction happens within child IAB when the NA or soft (NA) resources are set behind a HARD or soft (IA) resource at the parent IAB. When two connected slots are set with a same H/S/NA state, the conflict between DU and MT will not happen. If the second slot of parent DU is set as HARD, there will not be any conflicts between child DU and MT. The uplink configuration will share a similar trend. In spite of the potential conflicts, Alt.1 can still work by following the agreement made in RAN1#96bis meeting, i.e., by deciding whether to give priority to the DU or to the MT for the use of the resource based on the IAB node implementation but with some performance losses.
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Figure 2. Possible configuration conflict cases in Alt. 1. 
Observation 2:
The conflict will happen under certain H/S/NA configurations: 
· When the two connected time resources are configured sequentially as HARD and NA/soft (NA), soft (IA) and NA in downlink
· When the two connected time resources are configured sequentially as NA/soft (NA) slot and HARD, NA and soft (IA) in uplink.
Observation 3:
The potential conflict caused by the timing misalignment can be handled based on the internal implementation of IAB.
Secondly, possible solutions can be applied to resolve the conflict, such as allowing the parent node to know additional information. Figure 3 illustrates two main factors that cause the timing misalignment between MT and DU, which are a propagation delay (TP1) and a switching timing (Tg) from receiving to transmitting. The propagation delay could be obtained at both parent IAB and child IAB. But the transition time within child IAB from receiving to transmitting depends on the both transient period of the transmitter and process delay between MT and DU. Once the parent DU has the knowledge of both propagation delay and transition time, the conflicts could be avoided through implementation methods, such as that the overlapped symbols or durations are not scheduled by the parent DU. Some other methods could be also considered. For example, following current H/S/NA configuration, the overlapped part in child DU are indicated as soft resource in symbol-level. 
[image: ]
Figure 3. Analysis on the conflicting resource between MT and DU
Proposal 1:
The overlapped or the conflict time duration should be known to solve the transmitting and receiving conflict issue within the child IAB.
2.2 Alternative 1b
In the alternative 1b, the H/S/NA is applied relative to the MT resource configuration (D/U/F) slot timing.
As described in Figure 1(a) above, transmission conflicts between the MT and DU parts within one IAB will happen under the assumption that H/S/NA is configured according to DU’s timing. With respect to Alt.1a, Alt.1b could resolve the conflicts at the expense of splitting the unit of one slot for the semi-static DU resource configuration. As illustrated in Figure 4, the slot Z is configured as hard and is scheduled for the downlink transmission to the child MT. To avoid the timing misalignment of the configured DU and MT resources when determining the validity of H/S/NA at the DU, the second part of slot X and the first part of slot Y are configured as NA. The first part of slot X and the second part of slot Y are configured as Hard since there are no signals/channels transmitted or received by the MT in the same resource. The DU and MT transmission conflicts resolution in uplink are similar to downlink, as shown in Figure 7.
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Figure 4 Example of DU and MT transmission conflicts resolution in downlink
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Figure 5 Example of DU and MT transmission conflicts resolution in uplink
According to the analysis above, the child DU cannot do the slot-based scheduling in certain cases. Furthermore, as illustrated in Figure 8, considering multi-hop topologies, to achieve the DU H/S/NA resource configuration relative to the MT resource configuration (D/U/F) slot timing, CU should know all the propagation delay information of IAB nodes, which will introduce high signalling overhead. Generally, the PDSCH or PUSCH are scheduled by the parent DU dynamically, so there is no need for CU to know the switching location and switching time.
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Figure 6 Considering propagation delay and switching time in multi-hop topologies
Observation 4: 
If H/S/NA is applied relative to the MT resource configuration (D/U/F) slot timing (Alt. 1b), the DU and MT transmission conflicts could be resolved at the expense of high signalling overhead and configuration complexity.
2.2 Alternative 1c
Alternative 1c is to configure the Hard resource according to the DU resource configuration (D/U/F) slot timing and configure the soft resource according to the MT’s flexible resource configuration which follows the MT’s timing. And the remaining resources without any indication are configured as not available. 
For the H/S/NA validity determination, alternative 1c is a combination of following both the DU’s and MT’s timing; therefore, it shares the conflict issues in 1a and the slot splitting issue in 1b. Details are depicted in Figures 7(a) and 7(b), respectively. It is observed from Figure 7(a) that once the slot Z and slot Y are both configured as hard, the transmission conflict within child IAB could happen, which is the same as that in alternative 1a. Figure 7(b) illustrates the issue of splitting the DU slot. For the MT slot that is indicated as flexible, its corresponding DU time resource is implicitly determined as soft. Due to the timing misalignment, the DU soft resource occupies the second part of slot X and the first part of slot Y, and the remaining parts of the two slots are assumed to be NA without otherwise indications. In such a case, the second part of slot X and the first part of slot Y have to be scheduled separately.
Besides the configuration issues mentioned above, Alt. 1c may have configuration ambiguities, as illustrated in Figure 7(c). According to configuration case in Figure 7(b), the second part of slot X and the first part of slot Y are determined as soft when the corresponding MT is flexible. In the meanwhile, it is possible that slot Y is indicated as a hard resource. Hence, there will be a configuration ambiguity in the first part of slot Y, since both indications are effective according to Alt. 1c.
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(a)                    (b)                       (c)
Figure 7. Illustration of configuration issues and ambiguities in Alt. 1c.
Observation 5: 
Alternative 1c shares the same configuration issues of alternative 1a and 1b. Besides, there is an ambiguity for determining the hard and soft state in the overlapped periods.
Furthermore, the flexible resources are configured by both RRC and DCI signalling in Rel-15. Taking it into the account of the soft indications of Alt. 1c, the DCI indicated flexible resource of the MT will induce a dynamic change of DU soft resource configurations. Since the soft resource is to balance the traffic load and it could be changed according to explicit and implicit indications, there is no need to change the flexible/soft resource configuration dynamically. Then there is no need to indicate the flexible/soft resource through DCI signalling. 
Proposal 2: 
There is no need to indicate flexible/soft resources through a DCI signalling. 

2.3 Alternative 2
In contrast to Alt. 1 which explicitly indicates H/S/NA to the DU resource configurations, Alt. 2 adds an additional NA indication to the MT resource types. In such a case, the CU explicitly indicates NA in each slot for both the MT and DU configurations according to their own timing, and the H/S resources are then determined by the DU with respect to the corresponding MT configurations. A configuration example is briefly illustrated in Figure 7, where the grey resources for DU is NA that explicitly configured by the CU, and the green and the blue ones represent the Hard and Soft resources, respectively, determined by the DU itself following the corresponding MT configurations.
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Figure 8. Illustration of H/S/NA indication for DU resource configuration by Alternative 2.
Based on the above analysis, the Alt. 2 is feasible to handle the timing misalignment between the IAB MT and DU, and to indicate H/S/NA for the DU resource configurations, without the CU knowing any detailed information of IAB nodes (e.g., propagation delay, switching gap, etc.). Hence, from the perspective of saving the signalling overhead and reducing the configuration complexity, Alt.2 is more appropriate than Alt. 1b. 
Since Alt. 2 introduces a new resource type, i.e., NA, for the MT, a potential problem is observed, which is shown in Figure 9. In RAN1#97 meeting, the following agreement was made on the conflicting configuration between NA or Soft not Indicated Available DU resources and cell-specific signals/channels:
	Agreements:
If a DU NA or Soft not Indicated Available resource is configured with cell-specific signals/channels, the resource is treated as if it were a Hard DU resource (Alt. 2 from RAN1#96bis).
· The list of cell-specific signals/channels includes:
· resources for SSB transmission at DU, including both CD-SSB and non-CD-SSB;
· configured RACH occasions for receiving at the DU
· periodic CSI-RS transmission at the DU
· scheduled resource for receiving SR at DU
· The parent does not need to be aware of the cell-specific signals/channel configurations of the child DU


As shown in Figure 9, if the NA resource of the I-DU conflicts with a cell-specific signal/channel, based on the above agreement, this particular resource is then treated as Hard. Its corresponding child MT resource, however, is indicated as NA, meaning that even if the IAB DU decides to transmit the cell-specific signal/channel, the child IAB MT is not able to perform the measurement. It leads to an invalid transmission of the I-DU, and also a waste of the corresponding I-MT resource to communicate with its parent IAB node. Possible solutions to this problem may include defining some specific features for the Hard resources and/or cell-specific signals/channels, to assist the child IAB MT to update the CU configured NA indication, and then facilitate the communication between the IAB and its child node.
Observation 6: 
Indication of NA for the MT resource configuration introduces potential issues on the conflict resolution between NA or Soft not Indicated Available DU resources and cell-specific signals/channels.
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Figure 9. Illustration of the potential issue by using Alternative 2.

According to the analysis on the pros and cons of all the alternatives, we make the following proposal:
Proposal 3:
From the perspective of saving the signalling overhead and reducing the configuration complexity, Alt. 1a and Alt. 2 are more preferred than Alt. 1b and Alt. 1c.
Conclusions
In this contribution, we provide analysis on different alternatives of the H/S/NA indication. Also we found transmission conflict issues under the alternatives. The observations and proposals are provided as follows.
Observation 1: 
For alternative 1a, CU could configure the H/S/NA for each slot without any knowledge of timing misalignment. 
Observation 2:
The conflict will happen under certain H/S/NA configurations: 
· When the two connected time resources are configured sequentially as HARD and NA/soft (NA), soft (IA) and NA in downlink
· When the two connected time resources are configured sequentially as NA/soft (NA) slot and HARD, NA and soft (IA) in uplink.
Observation 3:
The potential conflict caused by the timing misalignment can be handled based on the internal implementation of IAB.
Observation 4: 
If H/S/NA is applied relative to the MT resource configuration (D/U/F) slot timing (Alt. 1b), the DU and MT transmission conflicts could be resolved at the expense of high signalling overhead and configuration complexity.
Observation 5: 
Alternative 1c shares the same configuration issues of alternative 1a and 1b. Besides, there is an ambiguity for determining the hard and soft state in the overlapped periods.
Observation 6: 
Indication of NA for the MT resource configuration introduces potential issues on the conflict resolution between NA or Soft not Indicated Available DU resources and cell-specific signals/channels.

Proposal 1: 
The overlapped or the conflict time duration should be known to solve the transmitting and receiving conflict issue within the child IAB.
Proposal 2: 
There is no need to indicate flexible/soft resources through a DCI signalling. 
Proposal 3:
From the perspective of saving the signalling overhead and reducing the configuration complexity, Alt. 1a and Alt. 2 are more preferred than Alt. 1b.
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