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1 Introduction

In the last RAN1 meeting, further discussions on discovery, measurement, RACH, timing and resource sharing/indication were held and some decisions/agreements were made [1]. This contribution further discusses on the remaining issues on the topics. 
Mainly, this contribution discusses a few FFS points as follows. 

· Stage 2 inter-node discovery and measurement

· Any enhancements on SMTC configurations to support state 2 measurements

· Any RACH enhancements to support IAB

· Enhancements on beam related aspects to support fast recovery from beam blockage

· Node state indication support to assist child nodes in case of link/beam failure

· Consideration of timing case to be supported
· D/U assignments of IAB nodes
· FDM/SDM supports
2 Discovery among NR IAB nodes
Based on the discovery discussion in the last meeting, the difference between 1-A and 1-B is whether SSBs are transmitted on sync raster or off-raster. To have no impact on Rel.15 legacy UE for initial access, 1-A transmits SSB as designed in Rel.15 without muting. Therefore, it is not easy to handle half duplex problem among IAB nodes by using 1-A at least in case of multi-hop IAB scenarios. For 1-A, following methods can be considered for discovery:

· SSB transmission with different offset

· Limited to support legacy UE mobility

· SSB transmission with different periodicity (e.g. multiple of # of hops)

· Infrequent SSB transmission on IAB node with large hop numbers

Observation 1: For 1-A discovery, different offset/periodicity can be used among IAB SSB transmissions to solve half-duplex problem with some limitations.
On the other hand, by 1-B, transmission/muting pattern can be considered to handle half duplex problem. For that, TDM is necessary among IAB SSBs. Since TDM with each IAB is inefficient when there are a large number of IAB nodes, grouping of IAB nodes can be considered for scalable IAB discovery mechanism. SSB transmissions are TDMed among each group. Grouping methods can be considered as follows: Hop based grouping, Geographical grouping, Network indicating grouping which are described in [2]. 
Proposal 1: To solve efficiently the half duplex problem for discovery, grouping to have different transmission/muting pattern is necessary among IAB nodes; Hop based grouping, Geographical grouping, Network indicating grouping.
Each group can have different transmission or muting pattern. The following transmission or muting pattern can be considered:

· SSB with different offset or periodicity: can be considered for transmission pattern. For example, multiple of # of hops makes different periodicity by multiplying. Then, naturally, an IAB node can detect only IAB nodes with less # of hops. 

· SSB random transmission: can be considered for transmission pattern. If all IAB nodes have different random pattern, half duplex problem can be solved perfectly. It is necessary to share random pattern in order not to degrade the RRM performance. Without it, some RRM cannot be differentiated between transmission and muting. To release sharing condition, simple rule can be considered; M, N configured, and IAB nodes transmit freely N times out of M opportunities. Then, a parent node can discard the lowest N out of M RRM, and M-N RRM can be used as effective results.

· Network indicating SSB transmission/muting: Network configures muting and transmission of SSBs across candidate SSB occasions where the IAB node transmits only in the indicated transmission resources. In the resources indicated as muting, it can perform measurements.  

Proposal 2: For transmission or muting pattern for discovery, three ways can be studied; 

· SSB with different offset or periodicity
· SSB random transmission
· Network indicating SSB transmission/muting

Different transmission or muting pattern can generate non-periodic measurement timing. If reusing SMTC for discovery, multiple SMTC configuration with a period would be needed. To avoid it, IAB nodes can interpret measurement timing as a just discovery opportunity. And, when transmitting timing and discovery opportunity is overlapped, just transmit it, and measure SSBs on the other discovery opportunity. 

Proposal 3: Enhancements of SMTC configurations or muting/transmission pattern configuration is necessary to support SSB based discovery. 
Moreover, to minimize the overhead of discovery, aperiodic discovery triggered by a donor upon a certain set of conditions (e.g., a new IAB node joins) is also supported. 
Proposal 4: For IAB node discovery, aperiodic discovery procedure is supported.
More details can be found in [2].
3 RACH enhancements

As agreed in RAN1#94, RACH resources for IAB nodes should be differentiated from RACH resources for access UEs. This can be done by configuring additional RACH resources for IAB nodes. Potential issue with RACH procedure is how to handle RAR. If RACH resources are configured separately, RACH resources of IAB nodes may not be known to access UEs. So, if RAR is multiplexed between access UEs and IAB nodes, there could be potentially some ambiguity at access UEs. To avoid this, TDM of RACH resources can be considered which may not lead any collision of RAR window between access and backhaul. Or, differentiating RAR between two can be considered e.g., separating CORESET/search space, different RA-RNTI formation, or different initial DU/UL BWP.

Also, last meeting, longer RACH periodicity is agreed. If larger periodicity is configured for IAB nodes, it is possible that some RACH resources are colliding between IAB and access UEs. When collision occur, one possible handling is to skip RACH resources for IAB nodes. Overall as the periodicity for IAB nodes would be larger, it is desirable not to configure the same time/frequency resources between backhaul and access RACH resources. 
Proposal 5: RAR reception for IAB nodes and access UEs should be differentiated not to cause any ambiguity at UEs. 

4 Link management for NR IAB

In handling of link quality, beam management, and handover, an IAB node needs some enhancements to minimize service interruption as the service interruption of an IAB node impacts not only itself but also its children and associated UEs. Particularly, this can be challenging issue in high frequency range. To provide robustness, simultaneous multi-path transmissions can be considered, yet, this will incur significant overhead. This overhead may in turn lead performance loss at UEs. In this sense, it is essential to balance system performance and robustness. To assist and minimize service interruption time, we therefore propose to consider ‘unstableness’ event/state where the state is defined as time duration which can potentially lead to a failure case (e.g., time duration between first beam failure instance to beam failure declaration, first sync out of RLM to RLF). This information can be forwarded by a parent node to its child nodes such that child nodes can perform necessary functions including cell reselection. Or, if multi-path operations are supported, multi-path operations can be enabled. 
Proposal 6: Define a new event/state (e.g., unstableness) which occurs before any failure occurs (e.g., beam failure or RLF). This state (or failure state) can be informed to child nodes where a child node may perform cell reselection based on the indication or recovery mechanism based on multi-path operation can be initiated. 

More details can be found in [2]. 
5 Access and backhaul link multiplexing and transmission timing
In the #94-bis meeting, supporting timing case #7 is agreed with the condition that if and only if compatible with release 15 UEs, and supporting timing case #6 is FFS. However, as discussed in the previous meeting, some issues should be clarified for supporting case #6 and 7. 
For case #7, negative TA can be generated. Without new TA definition, it can be solved by at least one symbol shift by implementation. To adjust symbol time among IAB nodes or UEs, although even one UE has negative TA, all the UEs should shift resources. It causes at least one symbol lost. Also, as TA values are increased for all UEs, it may also increase the overall gap between DL and UL. Moreover, when different OFDM symbols are mapped between backhaul DL and access UL, it needs to be carefully investigated whether there is no issue in terms of FDM/SDM.
For case #6, since DL Tx timing is aligned with UL Tx timing, the UL reception timings in parent node are different from each child node by different propagation delay. If SDM/FDM is utilized for multiple child nodes, it does not matter, but it reduce the resource flexibility that each child nodes occupies space/frequency resource always. Furthermore, if the transmission timing is changed due to the environment, it affects the transmission timing of all child nodes. 
Proposal 7: The concrete solution for implementing case #6 and 7 should be clarified. 
More details can be found in [3].
6 D/U assignment for IAB nodes
As discussed in our companion contribution [3], in terms of slot format and resource format, some clarifications between MT slot format and DU slot formats are necessary. Namely, when there is collision occurred, priority needs to be defined. For example, hard resource of DU may have highest priority over MT semi-static DL/UL resources. 

For the soft resource for DU, it is allowed for both of MT and DU to use it. It is necessary to determine when/which uses soft resources. Since soft resource is agreed to be controlled by parent node, resources configured by RRC for MT (e.g. CORESET, CSI-RS, grant-free resources or RACH resource.) can have priority over DU resources. Then, the IAB node regards the soft resources as not-available, and follows MT resources by RRC configuration. 
In the other case, the activation signalling may be needed whether the soft resources is used for MT or not. Dynamic signalling such as MAC CE or DCI can be considered to assign hard D/U/flexible/Unavailable on soft resources. RRC may not be appropriate as the parent node needs to go through CU to signal RRC in this case. For that, we can think about two following options:
· Option 1: Individual signaling for each soft resource.

· Single soft resource can be defined as continuous soft symbols which as same type.

· Option 2: Activation signaling for soft resources in certain time duration.

· Time duration can be defined as n period of D/U assignments.

Proposal 8: The relationship between MT resource and DU resource should be clarified.

Proposal 9: The activation signaling for soft resource of DU needs to be defined.

More details can be found in [3].
7 HARQ-ACK transmission for backhaul link

In our contribution [3], the necessity of reducing unnecessarily DL/UL switching and fragmented beams is introduced, and following approaches are considered. 
· Reduce HARQ-ACK transmission or at least multiplex multiple UL channels if possible

· Reduce UL grant overhead to schedule PUSCH

Overall, it would be desirable to consider ‘reduce unnecessarily overhead or time’ of transmission/reception, and also minimize the unused reserved resources (e.g., PUCCH, SR, etc). Though based on HARQ-ACK timing indication in DCI, HARQ-ACK transmission timing can be dynamically adapted. However, if there is a possibility that a certain set of resources (PUCCH resources) may be triggered dynamically by scheduling DCI, the child IAB node may not be able to use such resources to schedule another IAB node (it’s child node) or UEs. In this sense, among IAB nodes, it would be desirable to minimize potential UL resources or DL resources which will not be used. The more the resource is reserved but not used, the less spectral efficiency/scheduling flexibility can be achieved in IAB scenario.
Proposal 10: To enhance scheduling flexibility and spectral efficiency, in IAB scenario, it seems necessary to consider mechanisms to minimize resources which are reserved (e.g., semi-statically configured PUCCH resource, SR resource, CORESET/SS) but not used. 

8 FDM/SDM supports

In RAN1#94, the followings are agreed: 
For the support of SDM/FDM, further study the following aspects:

· Transmit power coordination between parent and child links 

· Considerations of single panel vs. multi-panel operation (single or multiple baseband)

· Requirements of symbol-level timing alignment within an IAB node (e.g. Case #6/Case #7)

In terms of power control, details are described in our companion contribution [4]. In summary, when uplink and downlink are simultaneously occurring with different PSD or different average power at each RE, interference from inband emission may become an issue. For example, if uplink power is relatively higher than downlink power, interference from uplink transmission on access UEs’ downlink would be increased which then will degrade the overall demodulation/decoding performance. On the other hand, if downlink power is relatively larger compared to uplink transmission, interference on parent node’s uplink reception becomes an issue. 
To handle inband emission issue, we can consider a few approaches as follows. 

· Align average power level between uplink and downlink (e.g., limit average power per RE within a certain range) at least for access UEs. A parent IAB node may also increase its received SINR target for other UEs/IAB nodes as well to minimize interference. Also, semi static BH DL power pattern can be considered.
· Apply a gap between two transmissions with big power difference or between DL and UL to absorb inband emission impact.  To realize it, semi-statically configured BH DL/UL resources to be used may be needed, which informed from parent node to child node. 
Proposal 11: In FDM/SDM, techniques to minimize or suppress undesirable inband emission need to be considered.
9 Conclusion 

From the discussion, we obtained following proposals.
Observation 1: For 1-A discovery, different offset/periodicity can be used among IAB SSB transmissions to solve half-duplex problem with some limitations.
Proposal 1: To solve efficiently the half duplex problem for discovery, grouping to have different transmission/muting pattern is necessary among IAB nodes; Hop based grouping, Geographical grouping, Network indicating grouping.
Proposal 2: For transmission or muting pattern for discovery, three ways can be studied; 

· SSB with different offset or periodicity
· SSB random transmission
· Network indicating SSB transmission/muting
Proposal 3: Enhancements of SMTC configurations or muting/transmission pattern configuration is necessary to support SSB based discovery. 

Proposal 4: For IAB node discovery, aperiodic discovery procedure is supported.
Proposal 5: RAR reception for IAB nodes and access UEs should be differentiated not to cause any ambiguity at UEs.

Proposal 6: Define a new event/state (e.g., unstableness) which occurs before any failure occurs (e.g., beam failure or RLF). This state (or failure state) can be informed to child nodes where a child node may perform cell reselection based on the indication or recovery mechanism based on multi-path operation can be initiated.

Proposal 7: The concrete solution for implementing case #6 and 7 should be clarified.
Proposal 8: The relationship between MT resource and DU resource should be clarified.

Proposal 9: The activation signaling for soft resource of DU needs to be defined.
Proposal 10: To enhance scheduling flexibility and spectral efficiency, in IAB scenario, it seems necessary to consider mechanisms to minimize resources which are reserved (e.g., semi-statically configured PUCCH resource, SR resource, CORESET/SS) but not used.
Proposal 11: In FDM/SDM, techniques to minimize or suppress undesirable inband emission need to be considered.
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