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Introduction
This contribution presents ETRI’s views on Rel-17 IAB resource multiplexing maintenance based on [1] and [4].

Discussion
Enhancements on DCI format 2_5
In RAN1#108-e meeting, the following two issues had been discussed and the corresponding conclusions in Table 1 were made [2]:
· Issue #1: The number of availability indications is limited to 14 IAB-DU cells out of the maximum possible 512 IAB-DU cells.
· Issue #2: Ambiguity issue of successive DCI 2_5s when two IAB DU cells are configured with resource availabilities of different length.

[bookmark: _Ref101344790]Table 1. Conclusions on potential enhancements on DCI format 2_5.
	Conclusion 
Defer discussion (contribution driven) about extending the maximum payload size of DCI format 2_5 to increase the number of IAB-DU cells that can be provided with availability information for soft resources until RAN1#109-e.

Conclusion
Defer discussion (contribution driven) of potential issues/solutions for multiple DCI Format 2_5 indications with overlapping durations until RAN1#109-e.



Regarding the issue #1 above, it seems that the concern (i.e., there is no way to handle availability indications for > 14 IAB-DU cells) can be resolved by implementation. For instance, two positionInDCI-AI-r16 values (highlighted by yellow) in two different AvailabilityCombinationsPerCell-r16 IEs (Table 3) may refer the same AI within a DCI format 2_5, which means that the two different cells represented by the two different AvailabilityCombinationsPerCell-r16 IEs would be handled by a single AI as a virtual cell group. Therefore, the exact assessment on the current specification should be “DCI format 2_5 can contain availability indications for up to 14 IAB-DU virtual cell groups where the maximum number of configured IAB-DU cells across the virtual cell groups is 512”, which means that the current specifications are not broken. In this regard, we believe that previous proposals including to have DCI format 2_5 payload of 9*512=4608 bits are not motivated well, at least for TDM (or Rel-16 IAB) operations. Even if RAN1 agrees to extend the maximum payload size of DCI format 2_5 for some reasons (e.g., considering dynamic time-frequency resource allocation for either of TDM or FDM operation mode, etc.), the support of extended payload size should not be a mandatory feature for an IAB-MT.

Table 2. AvailabilityIndicator IE [3].
	AvailabilityIndicator-r16 ::=    SEQUENCE {
    ai-RNTI-r16                      AI-RNTI-r16,
    dci-PayloadSizeAI-r16            INTEGER (1..maxAI-DCI-PayloadSize-r16),
    availableCombToAddModList-r16    SEQUENCE (SIZE(1..maxNrofDUCells-r16)) OF AvailabilityCombinationsPerCell-r16          OPTIONAL, -- Need N
    availableCombToReleaseList-r16   SEQUENCE (SIZE(1..maxNrofDUCells-r16)) OF AvailabilityCombinationsPerCellIndex-r16     OPTIONAL, -- Need N
    ...
}

AI-RNTI-r16 ::=                      RNTI-Value



[bookmark: _Ref101356298]Table 3. AvailabilityCombinationsPerCell IE [3].
	AvailabilityCombinationsPerCell-r16 ::=     SEQUENCE {
    availabilityCombinationsPerCellIndex-r16     AvailabilityCombinationsPerCellIndex-r16,
    iab-DU-CellIdentity-r16                      CellIdentity,
    positionInDCI-AI-r16                         INTEGER(0..maxAI-DCI-PayloadSize-1-r16)                              OPTIONAL, -- Need M
    availabilityCombinations-r16                 SEQUENCE (SIZE (1..maxNrofAvailabilityCombinationsPerSet-r16)) OF AvailabilityCombination-r16,
    ...
}

AvailabilityCombinationsPerCellIndex-r16 ::= INTEGER(0..maxNrofDUCells-r16)

AvailabilityCombination-r16 ::=         SEQUENCE {
    availabilityCombinationId-r16           AvailabilityCombinationId-r16,
    resourceAvailability-r16                SEQUENCE (SIZE (1..maxNrofResourceAvailabilityPerCombination-r16)) OF INTEGER (0..7)
}

AvailabilityCombinationId-r16 ::=       INTEGER (0..maxNrofAvailabilityCombinationsPerSet-1-r16)



Observation 1. The current specifications already support availability indications on up to 512 IAB-DU cells by using the legacy payload size of DCI format 2_5.

Proposal 1. RAN1 to extend the maximum payload size of DCI format 2_5, only if a clear use case requiring more than 14 virtual cell groups can be clarified.

Proposal 2. RAN1 to clarify that the extended payload size of DCI format 2_5, if agreed, is IAB-MT optional feature.

In RAN1#108-e meeting, as aforementioned by issue #2 above, it was reported that multiple successive DCI format 2_5s may cause ambiguities and/or inefficiencies on availability indication in a given symbol or RB set (group). Before listing all the possible cases representing such ambiguities and/or inefficiencies, we think it is important to find a baseline, which may resolve major concerns by implementation-based solutions.
From Rel-16 IAB (TDM only) perspectives, the baseline would be to align value/length of the following parameter(s) across different IAB-DU cells referring the same positionInDCI-AI (i.e., use the same parameter value/length within a virtual cell group):
· Length of resourceAvailability (SEQUENCE (SIZE (1..maxNrofResourceAvailabilityPerCombination-r16)) OF INTEGER (0..7) in Table 3).
· IAB-DU cell ID (iab-DU-CellIdentity in Table 3) that can be simultaneously handled by a single DCI format 2_5.
With the baseline above, the current Rel-16 specifications can perform availability indications for up to 14 virtual cell groups where each virtual cell group comprises a set of cells among the configured (512) IAB-DU cells and a given length of resourceAvailability is shared within the virtual cell group. In this scenario, it is easy to avoid potential collisions due to multiple successive DCI format 2_5s, since a given AI index field in a DCI format 2_5 affects the aligned slot durations in time domain.

Observation 2. For time-domain soft resources, potential issues due to multiple DCI format 2_5 indications can be minimized by proper configurations, e.g., on positionInDCI-AI, resourceAvailability, or iab-DU-CellIdentity etc.

From Rel-17 IAB (TDM and/or FDM) perspectives, the baseline would be to align value/length of the following parameter(s) across different IAB-DU cells referring the same positionInDCI-AI (i.e., use the same parameter value/length within a virtual cell group):
· Length of resourceAvailability (SEQUENCE (SIZE (1..maxNrofResourceAvailabilityPerCombination-r16)) OF INTEGER (0..7) in Table 3).
· IAB-DU cell ID (iab-DU-CellIdentity in Table 3) that can be simultaneously handled by a single DCI format 2_5.
· RB set group configurations (maybe included in resourceAvailaibity-Rel17 as agreed in Table 4) that can be simultaneously handled by a single DCI format 2_5.
With the baseline above, the current Rel-17 specifications can perform availability indications for up to 14 virtual cell groups where each virtual cell group comprises a set of cells among the configured (512) IAB-DU cells and a given length of resourceAvailability (or resourceAvailaibity-Rel17) is shared within the virtual cell group. In this scenario, it is easy to avoid potential collisions due to multiple successive DCI format 2_5s, since a given AI index field in a DCI format 2_5 affects the aligned slot durations or the preconfigured RB set group in time and frequency domains, respectively.

Observation 3. For frequency-domain soft resources, potential issues due to multiple DCI format 2_5 indications can be minimized by proper configurations, e.g., on positionInDCI-AI, resourceAvailability-Rel17, or iab-DU-CellIdentity etc.

Proposal 3. RAN1 to clarify that with proper configurations there are no potential issues from multiple DCI Format 2_5 indications with overlapping durations.

[bookmark: _Ref101441182]Table 4. Agreements on availability indication enhancements in Rel-17.
	Agreement
Enhance the RRC signaling for the configuration of DCI Format 2_5 to include the configuration of availability indication for soft resources in multiple RB set groups by introducing the following new RRC parameters:
· AvailabilityCombination-Rel17 to include multiple resourceAvailaibity-Rel17 indications, where each resourceAvailaibity-Rel17 indicates the availability of soft resources in one or multiple slots for each configured RB set group in sequence. 
· The RB set groups are configured for all availabilityCombinationId(s) with the following parameters and are applied over each slot:
· Number of RB set groups.
· FFS: max value
· Number of RB sets for each group.
· FFS: max value
· If an RB set group is not provided, only one resourceAvailablity-Rel17 is included in AvailabilityCombination-Rel17 to indicate availability of soft resources in one or multiple slots for all RB sets of a DU cell.




Coexistence of FDM/TDM operation modes
Regarding the discussion on conflict resolution between Rel-17 and Rel-16 HSNA configurations, the following options had been listed [2]:
· Alt. 1: TDM fallback / FDM resume indication from child node (e.g. MAC CE)
· Alt. 2: An IAB node does not expect conflicting Rel-16 and Rel-17 H/S/NA configurations for a given RB set
· Alt. 3: A prioritization rule for TDM H/S/NA vs. FDM H/S/NA configurations for a given RB set is specified 
· Alt. 4: No additional specification needed

Figure 1 shows all possible cases of collision between Rel-16 HSNA and Rel-17 HSNA configurations. On the symbols configured with both Rel-16 and Rel-17 HSNA configurations, the parent node shall consider the worst case when he allocates the UL grant to the IAB node, since it is up to IAB node implementation to choose either of TDM or non-TDM multiplexing mode per the previous agreements in RAN1#107-e meeting. Therefore, any UL grant for IAB-MT is not valid when the corresponding symbols for the UL grant are configured with “TDM H” or “TDM S indicated as available (represented as TDM S (A) in Figure 1)”. In such cases, FDM HSNA configurations configured on those symbols have no meaning given that there would be no simultaneous operation of IAB-MT in that time duration. (Similar logic can be applied for IAB-MT reception cases as well.) 
Therefore, the only possible collision cases where TDM fallback operation is available are the symbols configured with “TDM S not indicated as available (represented as TDM S (NA) in Figure 1)”. By the way, even in such cases, it seems that TDM fallback operation cannot be done by IAB node implementation but can be handled by the parent node. Since the permission on transmission or reception at the IAB-DU is determined by IAB-MT operations in TDM mode, TDM fallback operation can be done only if there is no UL grant (or DL grant) for the IAB-MT on that symbols. It should be noted that the motivation to utilize FDM resources cannot be highlighted without simultaneous DL/UL resource allocation for the IAB-MT. In such case, the potential ambiguity on Rel-16 and Rel-17 HSNA configuration at the parent node will not cause any critical issue.
[image: ]
[bookmark: _Ref101464936]Figure 1. Possible cases of collision between Rel-16 HSNA and Rel-17 HSNA configurations

Observation 4. TDM fallback operation is possible on some symbols only if the following two conditions are met in the symbols:
· Condition #1: The symbols are configured as TDM soft and not indicated as available.
· Condition #2: There is no UL grant (or DL grant) for the IAB-MT on the symbols.

Proposal 4. No need to support conflict resolution between Rel-16 and Rel-17 HSNA configurations.

CSI feedback considering DL TX power adjustment
In RAN1#108-e meeting, it was agreed that the IAB-MT shall consider the provided DL TX power adjustment in addition to Pc when deriving CSI feedback as captured in Table 5. 

[bookmark: _Ref101508268]Table 5. The agreed IAB-MT behavior for CSI feedback with the provided DL TX power adjustment.
	Agreement
The IAB-MT shall account for the provided DL TX power adjustment (as indicated by the parent-node) in addition to Pc when deriving CSI feedback.



Table 6 shows the UE assumptions on CSI calculation as specified in [4]. For instance, since the IAB-MT shall follow the cyan highlighted part in Table 6 to derive CQI, it is not clear whether or not the agreements in Table 5 can/will be applied for the actual implementation. To avoid any confusion, it is preferred to explicitly clarify that the IAB-MT shall account for the provided DL TX power adjustment (as indicated by the parent-node) in addition to Pc when deriving CSI feedback in TS38.214.

Observation 5. The agreed IAB-MT behavior for CSI feedback with the provided DL TX power adjustment is not captured in the specifications.
[bookmark: _Ref101541171]Table 6. UE assumptions on CSI calculation [4].
	If configured to report CQI index, in the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also configured, for deriving PMI and RI:
-	The first 2 OFDM symbols are occupied by control signaling.
-	The number of PDSCH and DM-RS symbols is equal to 12.
-	The same bandwidth part subcarrier spacing configured as for the PDSCH reception
-	The bandwidth as configured for the corresponding CQI report.
-	The reference resource uses the CP length and subcarrier spacing configured for PDSCH reception 
-	No resource elements used by primary or secondary synchronization signals or PBCH.
-	Redundancy Version 0.
-	The ratio of PDSCH EPRE to CSI-RS EPRE is as given in Clause 5.2.2.3.1.
-	Assume no REs allocated for NZP CSI-RS and ZP CSI-RS.
-  [Several bullets are omitted for ease of review]



The yellow highlighted part in Table 6 makes the UE (or the IAB-MT) to calculated the number of available REs in the CSI reference resource based on the bandwidth configured for the corresponding CQI report. It should be noted that the accuracy of CSI report for various multiplexing modes can be affected not only by the DL TX power adjustment but also by validity of the bandwidth configured for the corresponding CQI report.
Figure 2 depicts an example of valid frequency resources for CSI derivation according to various multiplexing modes. In Figure 2, it is clear that the bandwidth configured for the corresponding CQI report does not cause any ambiguity (e.g., any configured bandwidth can be applied for both wideband/subband CSI derivations) for CSI reference resources with TDM multiplexing mode (resource type A in Figure 2). On the other hands, since the bandwidth configured for the corresponding CQI report can be wider than the bandwidth for IAB-MT reception with FDM multiplexing mode (resource type B in Figure 2), TBS derived by the bandwidth configured for the corresponding CQI report and TBS derived by the actual available IAB-MT resources for FDM multiplexing mode may not be aligned. Actually, these two different TBS values can be quite different and thus the derived CQI indexes could be different as well. From our understanding, in case of FDM multiplexing mode, the following two types of IAB-DU resources cannot be used for IAB-MT operations:
· IAB-DU resources configured as FDM H.
· IAB-DU resources configured as FDM S and indicated as available.
Therefore, to follow the same spirit for the agreements in Table 5 (i.e., to support accurate CSI feedback for non-TDM multiplexing mode), it should be clarified that IAB-MT should not consider the frequency resources, which are “configured as FDM H” or “configured as FDM S and indicated as available” for the IAB-DU, if the IAB node operates FDM multiplexing mode in the CSI reference resource.

Observation 6. To support accurate CSI feedback for non-TDM multiplexing mode, it should be clarified that IAB-MT should not consider the frequency resources, which are “configured as FDM H” or “configured as FDM S and indicated as available” for the IAB-DU, if the IAB node operates FDM multiplexing mode in the CSI reference resource.
[image: ]
[bookmark: _Ref101544224]Figure 2. An example of valid frequency resources for CSI derivation according to TDM/FDM multiplexing mode.

In summary, the following proposal can be made.
Proposal 5. Adopt the TP in Table 7.

[bookmark: _Ref101542378]Table 7. TP for TS38.214 to capture the agreements on eIAB CSI feedback.
	[bookmark: _Hlk101545771]CSI reference resource definition
*** Unchanged parts are omitted ***
If configured to report CQI index, in the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also configured, for deriving PMI and RI:
-	The first 2 OFDM symbols are occupied by control signaling.
-	The number of PDSCH and DM-RS symbols is equal to 12.
-	The same bandwidth part subcarrier spacing configured as for the PDSCH reception
-	The bandwidth as configured for the corresponding CQI report.
-	When FDM multiplexing mode is applied for the CSI reference resource, the IAB-MT shall account the frequency resources, only the resources are not overlapped with FDM H or FDM S indicated as available of the IAB-DU.
-	The reference resource uses the CP length and subcarrier spacing configured for PDSCH reception 
-	No resource elements used by primary or secondary synchronization signals or PBCH.
-	Redundancy Version 0.
-	The ratio of PDSCH EPRE to CSI-RS EPRE is as given in Clause 5.2.2.3.1.
-	In addition, the IAB-MT shall account for the provided DL TX power adjustment, if indicated.
-	Assume no REs allocated for NZP CSI-RS and ZP CSI-RS.
*** Unchanged parts are omitted ***




Conclusion
In this contribution, ETRI’s views on eIAB maintenance were shown and the following observations and proposals were made:
Observation 1. The current specifications already support availability indications on up to 512 IAB-DU cells by using the legacy payload size of DCI format 2_5.
Observation 2. For time-domain soft resources, potential issues due to multiple DCI format 2_5 indications can be minimized by proper configurations, e.g., on positionInDCI-AI, resourceAvailability, or iab-DU-CellIdentity etc.
Observation 3. For frequency-domain soft resources, potential issues due to multiple DCI format 2_5 indications can be minimized by proper configurations, e.g., on positionInDCI-AI, resourceAvailability-Rel17, or iab-DU-CellIdentity etc.
Observation 4. TDM fallback operation is possible on some symbols only if the following two conditions are met in the symbols:
· Condition #1: The symbols are configured as TDM soft and not indicated as available.
· Condition #2: There is no UL grant (or DL grant) for the IAB-MT on the symbols.
Observation 5. The agreed IAB-MT behavior for CSI feedback with the provided DL TX power adjustment is not captured in the specifications.
Observation 6. To support accurate CSI feedback for non-TDM multiplexing mode, it should be clarified that IAB-MT should not consider the frequency resources, which are “configured as FDM H” or “configured as FDM S and indicated as available” for the IAB-DU, if the IAB node operates FDM multiplexing mode in the CSI reference resource.

Proposal 1. RAN1 to extend the maximum payload size of DCI format 2_5, only if a clear use case requiring more than 14 virtual cell groups can be clarified.
Proposal 2. RAN1 to clarify that the extended payload size of DCI format 2_5, if agreed, is IAB-MT optional feature.
Proposal 3. RAN1 to clarify that with proper configurations there are no potential issues from multiple DCI Format 2_5 indications with overlapping durations.
Proposal 4. No need to support conflict resolution between Rel-16 and Rel-17 HSNA configurations.
Proposal 5. Adopt the following TP:
	CSI reference resource definition
*** Unchanged parts are omitted ***
If configured to report CQI index, in the CSI reference resource, the UE shall assume the following for the purpose of deriving the CQI index, and if also configured, for deriving PMI and RI:
-	The first 2 OFDM symbols are occupied by control signaling.
-	The number of PDSCH and DM-RS symbols is equal to 12.
-	The same bandwidth part subcarrier spacing configured as for the PDSCH reception
-	The bandwidth as configured for the corresponding CQI report.
-	When FDM multiplexing mode is applied for the CSI reference resource, the IAB-MT shall account the frequency resources, only the resources are not overlapped with FDM H or FDM S indicated as available of the IAB-DU.
-	The reference resource uses the CP length and subcarrier spacing configured for PDSCH reception 
-	No resource elements used by primary or secondary synchronization signals or PBCH.
-	Redundancy Version 0.
-	The ratio of PDSCH EPRE to CSI-RS EPRE is as given in Clause 5.2.2.3.1.
-	In addition, the IAB-MT shall account for the provided DL TX power adjustment, if indicated.
-	Assume no REs allocated for NZP CSI-RS and ZP CSI-RS.
*** Unchanged parts are omitted ***
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