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Introduction
This contribution discusses the 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 #94bis [1]:
Agreements:
An IAB node should not mute SSB transmissions targeting UE cell search and measurement when doing inter-IAB cell search in stage 2
· For SA, means that SSBs transmitted on the currently defined sync raster follows the currently defined periodicity for initial access 
· Means that Solution 1-B implies SSB, that may get muted, for inter-IAB stage 2 cell search is at least TDM with SSB used for UE cell search and measurements
Agreements:
· Solution 1-A and Solution 1-B are both supported
· Enhancements for off-raster SSB, e.g. new periodicities and time-domain mapping can be considered 
Agreements:
· For Timing and Synchronization
· For case #1 & case #7, if DL TX and UL RX are not well aligned at the parent node, additional information about the alignment is needed for the child node to properly set its DL TX timing for OTA based timing & synchronization
· Case #7 to be supported if and only if compatible with release 15 Ues
· Further check w.r.t. compatibility
· Support of case #6 is FFS
· No other cases are supported
Agreements:
From an MT point-of-view, the following time-domain resources can be indicated for the parent link:
· Downlink time resource,
· uplink time resource, 
· flexible time resource 
as in release 15.
From a DU point-of-view, the child link has the following types of time resources
· Downlink time resource,
· uplink time resource, 
· flexible time resource 
· not available time resources (not to be used for communication on the DU child links) 
Exact configuration for DU is FFS
Agreements:
· For each of the downlink, uplink and flexible time-resource types of the DU child link there are two flavors, hard and soft:
· Hard: The corresponding time resource is always available for the DU child link 
· Soft: The availability of the corresponding time resource for the DU child link is explicitly and/or implicitly controlled by the parent node.
IAB cell detection and measurement
This section discusses the enhancement for off-raster SSB, particularly time-domain mapping. In the last meeting, we have agreed that Solution 1-B implies SSB that may get muted, for inter-IAB stage 2 cell search is at least TDM with SSB used for UE cell search and measurements. 
If the SSBs for inter-IAB stage 2 cell search have the same mapping pattern as the SSBs for UE initial access in half frame, given SSB transmission periodicity used for UE initial access is no larger than 20ms, it could be difficult to achieve TDM multiplexing of SSBs for inter-IAB stage 2 cell search and UE initial access across half frames for different IAB nodes, because the number of half frame in one SSB transmission periodicity for UE initial access is limited and SSBs for UE initial access for different IAB nodes may be in different half frame in one SSB transmission periodicity. In addition, they also can not be able to achieve TDM within a half frame if total number of SSBs for inter-IAB stage 2 cell search and UE initial access exceeds the maximum number of SSBs in an SSB period for a particular band as given by TS38.104. Therefore, a new time domain mapping pattern for SSB for inter-IAB stage 2 cell search needs to be considered.
Observation 1: A new time domain mapping pattern for SSB for inter-IAB stage 2 cell search needs to be considered. 
We can note that for a half frame with SSBs for UE initial access, candidate SSBs always are mapped starting from the first subframe of a half frame, and there are at least 1 subframe without SSB mapping for almost all of cases except for carrier frequency larger than 6GHz for 120kHz SCS, as shown in Figure 1. 
[bookmark: _GoBack]Therefore, one obvious way is that for a half frame with SSB for inter-IAB stage 2 cell search, SSBs are mapped with an offset relative to the half frame start position, as shown in Figure 2. In this way, subframes with candidate SSBs for inter-IAB stage 2 cell search maybe overlap with some subframes with SSBs for UE initial access in the same half frame when at least one of SSBs for inter-IAB stage 2 cell search and SSBs for UE initial access is used for carrier frequency larger than 3GHz and equal to 6GHz for 15kHz SCS, or for carrier frequency larger than 6GHz for 120kHz SCS.  However, this problem can be avoided by TDM across half frames to some extent.
Proposal 1: For stage 2inter-IAB cell search, SSBs are mapped with an offset relative to the half frame starting position.


Figure 1 SSB mapping pattern within a half frame for UE initial access


Figure 2 SSB mapping pattern within a half frame for inter-IAB stage 2 cell search
Timing synchronization
DL TX timing in case 1 and case 7
In RAN1 #94bis, an agreement is established to allow the parent node indicating to the child node the timing difference between DL-TX and UL-Rx at parent node so that the child node can estimate the one-way propagation delay from the parent node, with the knowledge of local TA offset in child node. This one-way propagation delay is used by the child node to set its DL-TX timing based on its DL-Rx timing. This method could have one potential issue: the DL-Tx timing of child node could shift around every time the non-zero TA command is delivered to child node. Such shifting of DL-Tx timing at gNB is never an assumption for legacy UE operation in Rel-15 NR, and RAN4 does not yet define any requirements for stability of DL-Tx timing given it is a long-time assumption that the DL-Tx timing is deem to be stable. Therefore, further questions remains whether the DL-Tx timing of a child node should be changed after the child node enters stage-2, and if yes, how often and how large the change could be at most. However, such restriction coming from the DL-Tx timing stability should not turn back to become a restriction upon the TA adjustment, which seems to require a possibility in decoupling DL-Tx timing setting from TA adjustment. Therefore, it is necessary to consider another method in which the parent node, who can estimate the one-way propagation delay to the child node by at least measuring PRACH,  to explicitly inform the child node of such delay, which can be directly used by the child node to set its DL-Tx timing. In such a way, the TA adjustment and DL-Tx timing setting are two separate control procedures.     
Proposal 2: For DL-Tx timing in case 1 and case 7, to include both of following alternatives for further considerations in WI: 
Alt-1: The parent node informs the IAB node of timing difference (if non-zero) between DL-Tx and UL-Rx in the parent node. The IAB node uses this information together with TA offset in the IAB node to derive the one-way propagation delay between the two nodes.
Alt-2: The parent node informs the IAB node of the estimated one-way propagation delay between the two nodes.
Handling of negative TA in case 7
The case 7 timing in an IAB node may result innegative TA to be maintained in the child IAB nodes and served UEs. Because Rel-15 UEs do not support negative TA, several alternatives could be considered as following:
· Alt-1: Access uplinks (at least for Rel-15 UEs) and backhaul uplinks are always in the separate slots, so the access uplinks can still maintain the positive TA as in legacy case while the backhaul uplinks see the negative TA which may need the new specification support. In this case, the timings of DL-Rx and UL-Rx in the IAB node can be aligned on slot level. 
· Alt-2: Access uplinks (at least for Rel-15 UEs) and backhaul uplinks can share the same slots, with certain “super large” positive TA’s (e.g., the normal TA plus one symbol time advance) applied to both uplinks. As shown in Figure 3, on top of normal TA adjustment, the frame timing of UL-Tx in IAB2 is moved in advance direction by one more symbol until the total TA becomes positive in IAB2.In such a modified case 7, the timings of DL-Rx and UL-Rx in the IAB node are aligned on symbol-level instead of slot-level. 
Alt-1 has the obvious shortcoming of resource scheduling limitation and competition for both UE’s and IAB nodes. The traffic on access uplinks and backhaul uplinks can suffer relatively large delay and low user perceived throughput. 
Proposal 3: For IAB node operating with case 7 timing,
· Its access uplinks and child backhaul uplinks can share the same slot;
· The timings of its DL-Rx and UL-Rx are aligned on symbol-level.

Figure 3. Modified case 7 timing
Case 6 timing
In case 6 timing, due to the mandatory alignment between UL-Tx timing and the network-wide synchronized DL-Tx timing, the UL-Rx timings at the parent node could be different on a per child node basis, which can be further different from the UL-Rx timing established for access UE’s.  The case 6 timing is known to have following issues:
· 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. If the parent node cannot, it may have to separate the child backhaul uplinks for different child nodes into different slots, which is a much inefficient resource allocation scheme. 
· It may be also an additional issue in deployment planning in ensuring different UL-Rx timing for different child 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 capability to overcome multipath would be very much 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) given IAB is most-likely deployed in FR2. 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 profiles for the typical TRP-TRP distances are seriously reduced, and can even be negative under certain deployment cases. 
Because the case 6 timing is only applicable in the IAB node chain of more than one hops, its performance impacts and deployment restriction do not justify the benefits from the potential support of SDM. 
Proposal 4: Case 6 timing is not supported.
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


Time domain resource allocation
From MT point-of-view, it sees the same types of time-domain resources as access UE does, and can share the same time-domain resources with access UEs. Therefore the resource allocation for MT can reuse the same Rel-15 mechanism of time domain resource configuration, e.g. TDD-UL-DL-ConfigCommon, TDD-UL-DL-ConfigDedicated and slot format indicator by DCI format2-0.
Proposal 5: Rel-15 UL/DL configuration mechanism is reused for MT resource configuration.
From DU point-of-view, each of usable time resources {D, U, F} on DU child link has two flavors: hard vs. soft, which indicate whether the corresponding resources are allowed being turned into “not available (NA)” by the IAB node. To maximize the flexibility of resource allocation to DU, each type of {D, U, F} resources from DU point of view can be independently all hard, all soft, or a mix of hard and soft.  
Proposal 6: Each type of {D, U, F} resources from DU point of view can be independently all hard, all soft, or a mix of hard and soft.
Based on the agreements from the last meeting, one potential issue in the resource allocation is whether certain mapping restriction rules should be introduced between the resource types from DU point of view and resource types from MT point of view. It was already mentioned in the RAN1 #94bis discussion that, 
· The {hard D, soft D} resources from DU point of view cannot be taken as {U} resources from MT point of view.
· The {hard U, soft U} resources from DU point of view cannot be taken as {D} resources from MT point of view.
In addition, even though one time resource in set of {hard D, soft D} from DU point of view can become one {F} resource from MT point of view, the IAB scheduler should not turn this {F} into {U} in its dynamic scheduling. The similar restriction should apply to the resource conversion of {hard U, soft U}->{F}->{D}. 
Even though the resource configurations of hard and soft flavors terminates at the DU, it seems beneficial to utilize the difference between the two flavors to somehow convey certain CU control intentions to the resource allocation from MT point of view. In general, if the CU does not want a {D} or {U} time resource to be turned into “not available” (or equivalently called “silent”) resource by marking it as “hard D” or “hard U”, it should be more unwilling to see that time resource being turned into flexible status, which can become silent or even in reverse direction. In summary, one {D} or {U} time resource in “hard” flavor should not be turned into {F} or reverse direction, which means it should keep the same type when used from MT point of view.   
Proposal 7: Introduce following IAB behavior restrictions for child link resource allocation. 
· The {hard D} or {hard U} time resources from DU point of view can only keep the same resource type (D or U) on child link.
· The {soft D} resources from DU point of view cannot be converted to {U} resources on child link, regardless whether the resources are firstly converted to {F} before converted to {U}.
· The {soft U} resources from DU point of view cannot be converted to {D} resources on child link, regardless whether the resources are firstly converted to {F} before converted to {D}.
Another issue is how to indicate the “not available time resources” for DU. According to RAN1 #94bis, these resources are not to be used for communication on the DU child links. That means these resources have nothing to do with RAN1-defined IAB behavior. Whether the “not available time resources” for DU are explicitly indicated to DU can be determined by RAN2 or RAN3.
Proposal 8: It is up to RAN2 or RAN3 on how to indicate the “Not available time resource” to DU.
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 between the 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 powerControlOffsetSS can be considered, with some potential enhancements, such as time/frequency granularities corresponding to SDM/FDM resources. 
Proposal 9: At least one of the following two power control schemes should be supported for FDM/SDM. 
· The reporting from IAB node for the expected received power
· 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. Considering the SPS configuration and dynamic trigger of UL SRS, reporting the SRS configuration to the parent node may cause large overhead and seems it is not necessary. So child node can schedule the SRS according to the IMR configuration. Some details on IMR configuration can be further studied in WI.
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 10: 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, details on IMR configuration should be further studied in WI.
Proposal 11: DMRS orthogonality between the backhaul link and access link should be introduced.
Conclusions
Based on the discussion, we have the following observations and proposals:
Observation 1: A new time domain mapping pattern for SSB for inter-IAB stage 2 cell search needs to be considered. 
Proposal 1: For stage 2inter-IAB cell search, SSBs are mapped with an offset relative to the half frame starting position.
Proposal 2: For DL-Tx timing in case 1 and case 7, to include both of following alternatives for further considerations in WI: 
· Alt-1: The parent node informs the IAB node of timing difference (if non-zero) between DL-Tx and UL-Rx in the parent node. The IAB node uses this information together with TA offset in the IAB node to derive the one-way propagation delay between the two nodes.
· Alt-2: The parent node informs the IAB node of the estimated one-way propagation delay between the two nodes.
Proposal 3: For IAB node operating with case 7 timing,
· Its access uplinks and child backhaul uplinks can share the same slot;
· The timings of its DL-Rx and UL-Rx are aligned on symbol-level.
Proposal 4: Case 6 timing is not supported.
Proposal 5: Rel-15 UL/DL configuration mechanism is reused for MT resource configuration.
Proposal 6: Each type of {D, U, F} resources from DU point of view can be independently all hard, all soft, or a mix of hard and soft.
Proposal 7: Introduce following IAB behavior restrictions for child link resource allocation. 
· The {hard D} or {hard U} time resources from DU point of view can only keep the same resource type (D or U) on child link.
· The {soft D} resources from DU point of view cannot be converted to {U} resources on child link, regardless whether the resources are firstly converted to {F} before converted to {U}.
· The {soft U} resources from DU point of view cannot be converted to {D} resources on child link, regardless whether the resources are firstly converted to {F} before converted to {D}.
Proposal 8: It is up to RAN2 or RAN3 on how to indicate the “Not available time resource” to DU.
Proposal 9: At least one of the following two power control schemes should be supported for FDM/SDM. 
· The reporting from IAB node for the expected received power
· The indication from parent node for the planned transmission power  
Proposal 10: 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, details on IMR configuration should be further studied in WI.
Proposal 11: DMRS orthogonality between the backhaul link and access link should be introduced.
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