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Introduction
This contribution providesour views on physical layer enhancements for IAB, including IAB cell detection and measurement,IAB timing, frame structure, power and interference measurement for FDM/SDM, based on the following agreements reached in RAN1 #94[1]:
Agreements:
· In case of SA deployments, initial IAB node discovery by the MT (Stage 1) follows the Rel.15 procedure for cell search and initial access based on SSBs available for access UEs without additional required specification support.
· FFS: how to support NSA deployment
· FFS whether Stage 2 enhancements (if any) can be applied to Stage 1
Agreements:
· For the purpose of inter-IAB node and donor detection after the IAB node DU becomes active (Stage 2) at least one ofthe following solutions should be supported:
· SSB-based solutions (Solution 1):
· Solution 1-A) Reusing the same set of SSBs used for access UEs
· Solution 1-B) Use of SSBs which are orthogonal (TDM and/or FDM) with SSBs used for access UEs
· Mechanisms to support half-duplex transmission/measurement of SSBs (e.g. muting patterns) for Solution 1-A) or Solution 1-B) 
· Further study potential impacts of the above solutions on access UEs performing initial access/in IDLE mode, including:
· Cell detection/measurement performance impact due to loss of SSB occasions due to muting
· Discovery of SSBs by access UEs which are intended only for IAB node discovery
· CSI-RS based solutions (Solution 2)
· Feasibility of CSI-RS only based discovery in case of unsynchronized network operation 
· Further study enhancements to existing configurations (e.g. SMTC and CSI-RS configuration) and inter-node coordination (e.g. F1) for Solutions 1) or 2) and possibility of aperiodic transmission of SSBs/CSI-RS
Agreements:
· At least Case #1 is supported for both access and backhaul link transmission timing. 
· Further study includes additionally the following two cases (in addition to other cases #2/3/4/5)
· 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
· Case #7 (Case#1 DL transmission timing + Case #3 UL reception 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 reception timing of an IAB node can be aligned with the IAB node’s DL reception timing 
· FFS: TA required for IAB nodes to support these cases
· For Case #6 and Case #7 further consider the potential impact of imperfect timing adjustment, overhead of required DL/UL switching gaps, and scheduling impact on access UEs and child IAB nodes
· Study to include aspects (including feasibility) when the IAB node is connected to one or multiple parent nodes
Agreements:
· 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)
IAB cell detection and measurement
This section discusses two remaining FFS questions in stage 1, followed by the node detection in Stage-2. 
Firstly, given IAB node in SA deployment behaves as a NR UE in Stage-1 node discovery and follows Rel-15 procedure without any new specification support, it is natural way to make IAB node in NSA deployment to behave as UE as well for the stage 1 node discovery, without additional enhancements on top of existing specifications. 
Proposal 1: For NSA deployments, initial IAB node discovery by the MT in Stage-1 follows the Rel-15 procedure for RRMmeasurement and initial access based on signalsavailable to access UEs, without additional specification enhancements. 
If RAN1 agrees it is sufficient for node discovery in Stage-1 to follow Rel-15 procedure without additional specification enhancements, there seems no need to apply the Stage-2 enhancements to Stage-1. However, just in case RAN1 agrees upon the opposite, IAB node firstly needs to obtain the configurations related to Stage-2 enhancements. For SA deployment,these configurations are distributed via SIBs, as optional information because they are not neededbyaccess UEs. Meanwhile, whether Stage-2 enhancement (if any) can be activatedin the Stage-1 should be determined by the network.
Proposal 2:There is no need to study Stage-2 enhancements for Stage-1; if RAN1 agrees on the opposite, whether Stage-2 enhancement (if any) can be activatedin Stage-1 should be determined by the network.
For IAB node discovery solution 1-A (SSBs for IAB node discovery reuse the same set of SSBs used for access UEs), SSBs transmissions for different IAB nodes should be orthogonal in the time domain due to half-duplex constraint. It could bedifficult to achieve full orthogonality or sufficient reuse factor because the number of half frame in one SSB transmission periodicity for UE initial access is limited. Therefore, SSB muting mechanism can be considered. SSB muting granularity in time domain can be half frame level or SSB level within half frame that is actually transmitted in one IAB node discover periodicity. This may causesome performance impact to UE initial access. BecauseIAB node discovery is desired infrequently, the longer SSB mutingperiodicity can be used for IABnodes.
For IAB node discovery solution 1-B (SSBs used for IAB node discovery are TDM and/or FDM orthogonal with SSBs used for access UEs), there are 3 cases of multiplexing: 
- TDM only: Because the same frequency is used for two types of SSBs, initial access UEs cannot identify which SSBs are used for initial access and which SSBs are used for IAB node discovery. In addition, if SSBs used for IAB node discovery are not cell-defining SSBs, it can make IAB nodeto skip the current SS raster under the current initial access framework.
- FDM only: If two types of SSBs overlap in time domain, the muting of SSBs used for IAB node discovery due to half duplex constraint also mutes the SSBs used for access UE, which would impact initial access UEs.
- TDM+FDM: In this case, SSBs used for IAB node discovery can be located on off-raster (non-sync raster). Initial access UEs would not mistakenly detect SSBs used for IAB node discovery. In addition, muting on SSBs used by IAB node is still helpful due to the half-duplex constraint, but does not impact the SSBs used by access UE because of TDM separation between the two. 
Proposal 3: For Solution 1-A, the longer SSB muting periodicity can be usedfor IAB nodes. For Solution 1-B, SSBs used for IAB node discovery and SSBs used for access UEs are TDM+FDM multiplexed,with SSB muting supported.
The generation of CSI-RS depends on the slot number within a radio frame, the OFDM symbol number within a slot and higher-layer parameter scramblingID. Therefore, for CSI-RS based solutions in case of unsynchronized network operation, timing deviation between IAB nodes must be signaled. In addition, CSI-RS based solutions can only be optional because there is certain situation where the RRC configuration of the CSI-RSs is not feasible so that the IAB node still needs to rely on SSB for initial cell detection/discovery.
Proposal 4: CSI-RS based solutions, if any, can only be optional.
Timing in IAB
In addition to timing cases 1~5, two additional cases were proposed in the last meetingto support FDM/SDM with time-aligned Tx (case 6) or time-aligned Rx(case 7) on top of timing case 1. This section focuses on these two cases. In the description throughout this section, node IAB1 is the child node of donor node (DgNB) and meanwhile the parent node of node IAB2. 
Case 6 timing


Figure 1. Case 6 Timing (all DL-Tx timing aligned, additionally aligned to UL-Tx of all IAB nodes)  
The characteristics of case 6 timing, as shown in Figure 1, is that, all DL-Tx timing of all IAB nodes and donor nodes are aligned, which are further aligned with UL-Tx timing of all IAB nodes. 
Unlike the traditional UL-Rx timing at base station, the timing of UL-Rx at parent nodes, which is simply UL-Tx timing plus propagation delay, ischild-node-specific and non-adjustable, given UL-Tx timing aligns DL-Tx timing and is globally fixed. Because one parent nodes can have multiple child IAB nodes with variantparent-to-child distances, it could be difficult to guarantee the parent node can still maintain the legacy implementation which assumes roughly the same UL-Rx timing for different transmitters on UL; it may be also an additional issue in deployment planning in ensuring different UL-Rx timing for different child IAB nodes to all fall into parent node UL CP duration. 
Even if the UL-Rx timing of all child IAB nodes fall into UL CP of parent node, the CP’s capabilityto overcome multipath would be weakened.An example analysis is given in Table 1. Here the analysis assumes CP length can be 1.17us (for SCS=60kHz) and 0.59us (for SCS=120kHz)because IAB is most-likely deployedinFR2. Then, the acceptable multi-path profile or the CP’s multipath capability is calculated as CP length less than one-way propagation delay. It can been seen that the resultant acceptable multi-path profilesfor the typical TRP-TRP distances are seriously reduced, and can even be negative under certain deployment cases. 
Table 1. Acceptable path profile for case 6 timing
	Maximum distance between TRPs (meter)
	SCS (kHz)
	CP (us)
	Acceptable path profile (us)
(CP - PD)

	115
	60
	1.17
	0.79

	289
	60
	1.17
	0.21

	115
	120
	0.59
	0.21

	289
	120
	0.59
	<0

	500
	60
	1.17
	<0

	200
	120
	0.59
	<0


Case 7 timing


Figure 2. Case 7 timing (all DL-Tx timing aligned, DL-Rx and UL-Rx aligned per node)
The characteristics of case 7 timing, as shown in Figure 2, is that, all DL-Tx timing of all IAB nodes and donor nodes are aligned, additionally, DL-Rx timing and UL-Rx timing are aligned on a per-node basis. 

Depending on the node-to-node distance in IAB deployment, Case 7 timing would result in an IAB node that has UL-Tx timing later than DL-Rx timing, that is to say, the timing advance  is desired to be negative for such a node. Following current NR specification,  in FR2 (ref. TS38.133). 
· In case of random access response, , so  cannot be negative. 
· 
In other cases, even thoughcan be either positive or negative, it may still require multiple TA commands transmitted on backhaul DL in order to get  to reach the desired negative value. During the time when these TA commands are conveyed to IAB node, the Case 7 timing relation in this particular situation cannot be maintained. For the IAB node (e.g., IAB1 in Figure 2) issuing such TA commands, additional signalling to its parent node (e.g., donor node in Figure 2) may be needed to either start or stop the schedulingof R-PDSCH, whose scheduling is usually later than that of R-PUSCH, so that the R-PDSCH from the parent node can either FDM/SDM multiplex with R-PUSCH from the child node (e.g. IAB2 in Figure 2) or stop interfering R-PUSCH sent from the child node. More specification works are expected. 
One potential solution to avoid this negative TA issue is, as shown in Figure 3, to move the frame timing of UL-Tx (e.g., in IAB2 in Figure 3)in advancedirection until the TA becomes positive (e.g., inIAB2 in Figure 3) and meanwhile the symbol-level timing of UL-Rx is aligned to that of DL-Rx (e.g., at IAB1 in Figure 3). In other words, this modified case-7 timing gives up the frame-level timing alignment between DL-Rx and UL-Rx, but maintains symbol-level timing alignment. However, it remains FFS how the IAB1 can be aware of whether the TA is positive or negative in IAB2. 

Figure 3. Modified case 7 timing
Proposal 5: Should Case-7 timing be further studied, to study the symbol-level timing alignment between DL-Rx and UL-Rx rather than frame-level or slot-level alignment.
Frame structure configuration
When an IAB node serves the access UE’s (via {LA,DL, LA,UL}) and potentially child IAB nodes (via {LC,DL, LC,UL}), it needs to inform the UEs and child IAB nodes of the frame structure it intends to apply. There can be two alternatives regarding to where such frame structure configuration is originated. 
· Alt 1:The configuration of frame structure covering{LA,DL, LA,UL} and {LC,DL, LC,UL} of an IAB node is originatedfrom the IAB node itself. 
· Alt-2: The configuration of frame structure covering{LA,DL, LA,UL} and {LC,DL, LC,UL} of an IAB node is originatedfroma certain node on the path inclusively between its parent node and corresponding donor node.
Even though Alt-2 can be more efficient, it requires more coordination among nodes and therefore more specification efforts and higher implementation complexity. 
Proposal 6: The configuration of frame structure covering {LA,DL, LA,UL} and {LC,DL, LC,UL} of an IAB node is originated from the IAB node itself.
For the backhaul resource configuration, it is preferred to adopt a unified configuration solution for both TDD and FDD systems, and meanwhile to targetthe semi-static TDM as the baseline for resource multiplexing between access link and backhaul link.
The current NR specification supportsthreesymbol status: DL, UL and Flexible.When IAB is introduced, these three symbol status are not sufficient. For example, the DL symbols may need to be differentiated between backhaul DL and access DL. It is proposed to study the bitmap-based configuration signaling in order to achieve the configuration flexibility and design simplicity. Two separate bitmapsare used, with one for backhaul DL and another for backhaul UL. Each bit in the bitmap indicates whether the corresponding resource (symbol) is used (bit=1) or not used (bit=0) by backhaul as DL (if indicated by DL bitmap) or UL (if indicated by UL bitmap).


Figure 4. Signaling for backhaul resource
Figure 4 shows the backhaul link resource configuration using bitmap for a TDD system, which requires the configuration of dl-ul-config to be in place.In order to avoid the cross-link interference when backhaul link and access link are TDM multiplexed, the backhaul DL and backhaul UL should be respectively constrained in the DL region and UL region identified in dl-ul-config. In order to support FDM/SDM, e.g. between LC,UL and LP,DL, certain overriding rule for interpretation of dl-ul-config, such as D->U and U->D, can be considered. It should be noted that such constraints and overriding rule does not apply to FDD system. Figure 5 shows an example of TDM-based frame structure by such configuration signalling. 


Figure 5. Dedicated resources for IAB backhaul
Propose 7: To study frame structure configuration for backhaul and access link multiplexing, based on one bitmap for backhaul DL and another bitmap for backhaul UL.
Power control in FDM/SDM
For an IAB node serving a group of access UEs and meanwhile is served by its parent node, the UL-Rx power on access link is controlled by the IAB node itself but the DL-Rx power on the backhaul is controlled by its parent node. The received power level difference between backhaul and access link can be significant. Such significant difference in received powers could be a source of interference if DL-Rx and UL-Rx are FDM/SDM multiplexed.  
One solution is to introduce the power control signalling for backhaul DL so that the DL-Rx power and UL-Rx power can be around the same level. The following two schemes can be considered, either separately or jointly.
· Scheme 1:The IAB node reports an expected power offset to its parent node, where the power offset refers to the difference betweenthe expected received power of R-PDSCH and the received power of a reference signal or channel such as CSI-RS or SSB. Note that if there is additional signaling (other than power control purpose) to tell the dedicated resource (including time/frequency granularities) for FDM/SDM multiplexing, this reported power offset may be only applicable to that dedicated resource. 
· Scheme 2:The parent node indicates the IAB node the planned transmission power level of R-PDSCH that would be potentially received in the FDM/SDM multiplexed resource at the IAB node. The indication signalling can be the absolute transmission power or the power offset relative to SSB. Upon receiving this indication,the IAB node can estimate the received power level of R-PDSCH and schedules the uplink transmissions accordingly on LC,UL and LA,UL. The existing signaling such as powerControlOffset and powerControlOffsetSScan be considered,with some potential enhancements, such as time/frequency granularitiescorresponding to SDM/FDM resources. 
Propose 8: To study the power control on backhaul downlink for FDM/SDM purpose, including the reporting from IAB node for the expected received power and the indication from parent node for the planned transmission power.  
Interference measurement in FDM/SDM
When the backhaul downlink and access uplink are multiplexed by FDM or SDM, the measurement of access link SRS by IAB node may suffer the interference coming from backhaul downlink. In this case, the interference measurement resource (IMR) can be introduced. IMR is configured by the parent node to identify the resources on backhaul downlink for R-PDSCH rate matching, which corresponds tothe access uplink resources for the clean SRS measurement. The backhaul downlinkIMR should contain the SRS pattern as a subset.
For SDM between backhaul link and access link, no matter whether the SDM is on transmitter side or receiver side, it is beneficial to maintain orthogonality between backhaul link DMRS and access link DMRS. 
It should also be studied how to support the IMR and DMRS orthogonality in case the timing alignment between backhaul link and access link is not on slot level but just on symbol level.
Proposal 9: The IMR should be introduced on backhaul downlink to protect SRS measurement on access uplink, in case the two links are multiplexed by FDM/SDM.
Proposal 10: DMRS orthogonality between the backhaul link and access link should be introduced.
Conclusions
Based on the discussion, we have the following proposals:
Proposal 1: For NSA deployments, initial IAB node discovery by the MT in Stage-1 follows the Rel-15 procedure for RRM measurement and initial access based on signals available to access UEs, without additional specification enhancements. 
Proposal 2:There is no need to study Stage-2 enhancements for Stage-1; if RAN1 agrees on the opposite, whether Stage-2 enhancement (if any) can be activatedin Stage-1 should be determined by the network.
[bookmark: _GoBack]Proposal 3: For Solution 1-A, the longer SSB muting periodicity can be usedfor IAB nodes. For Solution 1-B, SSBs used for IAB node discovery and SSBs used for access UEs are TDM+FDM multiplexed,with SSB muting supported.
Proposal 4: CSI-RS based solutions, if any, can only be optional.
Proposal 5: Should Case-7 timing be further studied, to study the symbol-level timing alignment between DL-Rx and UL-Rx rather than frame-level or slot-level alignment.
Proposal 6: The configuration of frame structure covering {LA,DL, LA,UL} and {LC,DL, LC,UL} of an IAB node is originated from the IAB node itself.
Propose 7: To study frame structure configuration for backhaul and access link multiplexing, based on one bitmap for backhaul DL and another bitmap for backhaul UL.
Propose 8: To study the power control on backhaul downlink for FDM/SDM purpose, including the reporting from IAB node for the expected received power and the indication from parent node for the planned transmission power.  
Proposal 9: The IMR should be introduced on backhaul downlink to protect SRS measurement on access uplink, in case the two links are multiplexed by FDM/SDM.
Proposal 10: DMRS orthogonality between the backhaul link and access link should be introduced.
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