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Introduction
In RAN1 #93 meeting [1], some preliminary agreements of IAB are achieved, including: 
Agreements(#93):
· To support the half-duplex constraint from the perspective of a given IAB node, IAB supports detection and measurement of candidate backhaul links (after initial access) which utilizes resources that are orthogonal in time from those used by access UEs for cell detection and measurement. 
· The following solutions can be further considered:
· TDM of SSBs (e.g. depending on hop order, cell ID, etc.)
· SSB muting across IAB nodes 
· Multiplexing of SSBs for access UEs and IABs within a half-frame or across half-frames 
· Additional IAB node discovery signal TDM with SSB (e.g. CSI-RS)
· Use of off-raster SSBs
· Different transmission periodicity compared to the periodicity used by access UEs
· Further study coordination mechanisms for different solutions
Agreements (#93):
· IAB supports TA-based synchronization between IAB nodes, including across multiple backhaul hops
· Enhancements to existing mechanisms can be further studied
· The following cases should be further studied:
· Case 1: DL transmission timing alignment across IAB nodes and donor nodes
· Case 2: DL and UL transmission timing is aligned within an IAB node
· Case 3: DL and UL reception timing is aligned within an IAB node
· Case 4: within an IAB node, when transmitting using case 2 while when receiving using case 3
· Case 5: Case 1 for access link timing and Case 4 for backhaul link timing within an IAB node in different time slots
· Further study the following levels of alignment between IAB nodes/donor nodes or within an IAB node:
· Slot alignment
· Symbol-level alignment
· No alignment
· Further consider the impact of different cases on TDM/FDM/SDM multiplexing of access and backhaul links, cross-link interference, and impact on access UEs
Agreements (#93):
· Study mechanisms for multiplexing of RACH transmissions from UEs and RACH transmissions from IAB nodes.
Agreements (#93):
· IAB supports TDM, FDM, and SDM between Access and BH links at an IAB node, subject to a half-duplex constraint. Further study the following solutions for the different multiplexing options:
· Mechanisms for orthogonal partitioning of time slots or frequency resources between access and backhaul links across one or multiple hops
· Utilization of different DL/UL slot configurations for access and backhaul links
· DL and UL power control enhancements and timing requirements to allow for intra-panel FDM and SDM of backhaul and access links.
· Interference management including cross-link interference
· Note: the level of required enhancement or optimization for the different options is FFS
Agreements (#93):
· Interference experienced at the IAB node in case of FDM/SDM reception between access and backhaul links at a given IAB node should be further studied.
In this contribution, we provide our views on physical layer enhancement for IAB, including IAB cell detection and measurement, timing, PRACH, frame structure, power and interference measurement for FDM/SDM. Throughout the paper, the following abbreviations are used: “DB” and “UB” refer to backhaul downlink and backhaul uplink, respectively; “DA” and “UA” refer to access downlink and access uplink, respectively.
IAB cell detection and measurement
RAN1 #93 lists following solutions for further considerations:
· Option1: TDM of SSBs (e.g. depending on hop order, cell ID, etc.)
· Option2: SSB muting across IAB nodes 
· Option3: Multiplexing of SSBs for access UEs and IABs within a half-frame or across half-frames 
· Option4: Additional IAB node discovery signal TDM with SSB (e.g. CSI-RS)
· Option5: Use of off-raster SSBs
· Option6: Different transmission periodicity compared to the periodicity used by access UEs
Among above options, Options 1, 2 and 3 are based on SSB signal structure that is currently specified, while Options 4 and 5 are based on the signals other than currently specified SSB. Additionally, relying on different transmission periodicities between backhaul link and access link (i.e., option 6) can hardly be an independent scheme to help cell detection and measurement on backhaul link.
In options 1 and 3, the time-domain location of SSB depends on certain IAB node-specific parameters (e.g. hop order or cell ID), where such parameters should be able to achieve TDM multiplexing of SSB transmission for different IAB nodes. Given SSB transmission periodicity used for UE initial access is no larger than 20ms, it could bedifficult to rely on node-specific parameter only, 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 scheme may have some performance impact on UE initial access since UE assumes that SSB transmission periodicity during initial access procedure is 20ms. For the UE after initial access, IAB node may need to inform the SSB muting pattern to reduce impact on SSB-based RRM measurement.
For option 4, if additional IAB node discovery signal is desired, it can only be optional because there is certain situation where the RRC configuration of such additional discovery signal is not feasible so that the IAB node still needs to rely on SSB for initialcell detection/discovery. This is what happened in LTE.
For option 5, the network can configure/pre-configure a frequency location used for SSB transmission for IAB node discovery and coordinate time location used for SSB transmission between different IAB nodes. Under the half-duplex constraint, off-rater SSB can be an implementation issue without requiring new specification impacts.
In summary, 
Proposal 1: SSB muting can be combined with parameter-based TDM or configuration-based TDM of SSB.
· e.g, the parameter-based TDM of SSB (e.g., parameterized on cell ID) is applied to the IAB nodes with different node-specific parameters, and SSB muting provides further orthogonal dimension in time domain.   
Proposal 2: The additional IAB node discovery signal, if desired, can only be optional.
Timing alignments on backhaul and access links
Among the following five cases,
· Case 1: DL transmission timing alignment across IAB nodes and donor nodes
· Case 2: DL and UL transmission timing is aligned within an IAB node
· Case 3: DL and UL reception timing is aligned within an IAB node
· Case 4: within an IAB node, when transmitting using case 2 while when receiving using case 3
· Case 5: Case 1 for access link timing and Case 4 for backhaul link timing within an IAB node in different time slots
it is apparent that Case 1 is motivated by network-wide synchronization scenario, Case 2 and Case 3 are motivated by FDM/SDM of backhaul link and access link on the transmitter side and receiver side, respectively. The comparison of these five cases are given in Table 1. 
Table 1 Comparison of timing alignment cases
	
	Case 1
	Case 2
	Case 3
	Case 4
	Case 5

	Potential BL-ALmultiplexing
	TDM
	TDM or FDM/SDM for Tx
	TDM or FDM/SDM for Rx
	FDM/SDM for Tx and Rx
	TDM for slot-a,
FDM/SDM for slot-b

	Impact on resource limitation, especially for direct UEs 1
	No
	No
	No
	No
	Yes2

	Impact on TA, especially for direct UEs
	No
	No
	No
	Yes3
	No

	Need more timing relationship, especially for between direct UEs and IAB node
	No
	No
	No
	No
	Yes4

	Impact on avail resource of backhaul link, especially for DL backhaul
	No
	Yes5
	No
	No
	No

	Time domain gaps, especially on UL backhaul
	No
	No
	Yes6
	No
	No

	CLI
	No
	Yes7
	Yes7
	Yes7
	Yes7

	Impact on UL TPC and/or DL PA
	No
	Yes7
	No
	Yes7
	Yes7

	Possibly bigger difference of simultaneous Rx power levels
	No
	No
	Yes7
	Yes7
	Yes7

	Note 1: Direct UEs are directly served by an IAB nodethat is the parent node of another IAB node. In contrast, access UEs are the UEs served by any final-hop IAB node.
Note2: Due to the fact that direct UEs are only limited in slot-a as described in the case 5.
Note3: Due to the fact that DL transmission and UL reception timing of IAB node may not be aligned.
Note4: Due to the fact that non-final-hop IAB node maintains different timing relationship for direct UEs and child IAB node.
Note5: Due to the fact that DL transmission and UL reception timing of IAB node are advanced to align UL transmission.
Note6: Due to the fact that DL transmission and UL reception timing of IAB node are delayed to align DL reception.
Note7: In case FDM/SDM is applied.


Assume following for backhaul link (the measurement/quantization errors are not considered for simplicity purpose):
· The DL signal is transmitted on backhaul link by donor at time of   and received by IAB node at time of  , where  is the propagation time between donor and IAB node.  
· With TA adjustment whose amount is , the UL signal is transmitted by IAB node at time of  and received by donor at time of  .
· Denote the timing difference between backhaul DL TX and backhaul UL Rx on the donor side as:
The similar notations can be assumed for access link, with subscripts replacements as “DB->DA”, “UB->UA” and “BL->AL”. 
· Case 1 asks for .
· Case 2 asks for , which leads to . 
· Case 3 asks for , which leads to .
If network-wide DL synchronization is required (like in TDD system), Case 1 can natively meet such requirement; Case 2 and Case 3 can hardly offer   unless the TA sizes on backhaul link and access link becomes certain specific function of propagation delays on backhaul and access links. However, the estimation of propagation delay may reversely depend on the choice of TA size, which may result in a complicated multi-stage procedure involving information exchange between donor and IAB nodes. Its complexity and feasibility need well study. Such issue is also inherited into Case 4. In addition, Case 4 adds more correlation between TA size selections on backhaul and access links due to the requirement of .
Another issue in Case 2 and Case 3 is that, even if  is not required in a IAB deployment, every time the TA adjustment is performed on backhaul link ( for Case 2) or access link ( for Case 3), the DL Tx timing on access link () would change as well given the condition that the backhaul DL timing ( from donor is stable. However, Rel-15 UE served by IAB node may not be designed to handle the situation in which the DL Tx timing source accuracy can somehow shift on the TA level. Some RAN4 input should be needed regarding to stability requirement of DL timing source and feasibility of cases other than Case 1. 
Observation 1: It can be difficult to achieve DL transmission timing synchronization between IAB node and its parent node in the timing alignment cases other than Case 1. 
Observation 2: The timing alignment cases other than Case 1 may have timing stability issue on the access downlink. RAN4 input is necessary for the further study of these cases. 
PRACH resource multiplexing
The random access format selection needs to match the coverage of different sizes, different RF transmission environments, and the additional path loss values that need to be compensated. In general, the UE is mainly in NLOS propagation environment, equipped with simple antenna, and often suffers penetration loss if positioned indoor. In contrast, the IAB node in the considered scope is outdoor with higher chance of LoS condition, and has more advanced antenna.  As far as RA preamble CP length is concerned, IAB node may be placed more far away from its parent node than any cell edge UE served by the parent node. In short, the IAB node deployment and its multi-antenna characteristic may lead to the RA format that is optimal for the IAB node to be different from the one for UE. However, in the existing NR specification, only one random access signal format is allowed in one BWP. 
Proposal 3: Study the solution to support multiple random access formats in one BWP.  
Frame structure configuration
The frame structure configurations to support TDM/FDM/SDM of backhaul link and access link can be implemented by using the existing mechanisms based on RRC parameters, such as tdd-UL-DL-ConfigurationCommon, tdd-UL-DL-ConfigurationCommon2 and tdd-UL-DL-ConfigDedicated. Figure 1 and Figure 2 show two implementation examples of the TDM-based separation between backhaul link and access link. Both figures assume a multi-hop IAB deployment, with IAB1 on 1st hop and IAB2 on 2nd hop. 


[bookmark: _Ref521694029]Figure 1 TDM: backhaul/access links in separate dl-UL-TransmissionPeriodicity 
In Figure 1, each UE terminal (including the IAB node when functioning as UE) is configured by the serving node with two dl-UL-TransmissionPeriodicity: X and Y. The configuration signalling can be tdd-UL-DL-ConfigurationCommon and tdd-UL-DL-ConfigurationCommon2.
· For all IAB nodes on each hop, X and Y are alternatively assigned between backhaul link and access link. 
· During slots/symbols in which an IAB node works on backhaul link, the UE served by the IAB is assigned with all flexible symbols.    


[bookmark: _Ref521694040]Figure 2 TDM: backhaul/access links in single dl-UL-TransmissionPeriodicity
In Figure 2, each UE terminal (including the IAB node when functioning as UE) is configured by the serving node with at least one dl-UL-TransmissionPeriodicity (X) that contains a set of contiguous flexible slots/symbols. The configuration signalling can be tdd-UL-DL-ConfigurationCommon and/or tdd-UL-DL-ConfigurationCommon2. These flexible slots/symbols can be overridden as DL and/or UL with signaling tdd-UL-DL-ConfigDedicated. 
· For all IAB nodes on each hop, the slots/symbols configured by tdd-UL-DL-ConfigDedicated and the slots/symbols left out by tdd-UL-DL-ConfigDedicated are alternatively assigned between backhaul link and access link. 
· During slots/symbols in which an IAB node works on backhaul link, the UE served by the IAB is assigned with all flexible symbols.    
Figure 3 shows implementation examples of the FDM/SDM based separation between backhaul link and access link.  In this example, reversing ‘D’ and ‘U’ between backhaul link and access link is applied on top of each configured dl-UL-TransmissionPeriodicity. The “U-F-D” frame structure in Figure 3 can be realized by signaling tdd-UL-DL-ConfigDedicated.
[image: ]
[bookmark: _Ref521698998]Figure 3 FDM/SDM: backhaul/access links in single dl-UL-TransmissionPeriodicity
Observation 3: The semi-static frame structure configuration supporting TDM/FDM/SDM can be based on existing RRC signaling. 
At present, the definition of SFI in NR is slot format, multiple slot formats were defined, and dynamic frame structure can be achieved by SFI in GC-PDCCH. Each slot format gives the transmission direction for 14 OFDM symbols, one SFI entry can include one or multiple slot formats, so one SFI can determine 14*n OFDM symbols, n≥1, and these OFDM symbols determined in SFI must be continuous.
Based on TDM multiplexing between DL backhaul and DL access or between UL backhaul and UL access, some SFI enhancements are needed so as to improve the efficiency of SFI. Here are some examples:
· One SFI entry can determine the transmission direction of multiple OFDM symbols which are non-continuous. If the TDM pattern between backhaul link and access link was semi-statically configured for relay and access UE, then the backhaul SFI is only used to indicate the detailed ‘D’/’U’/’X’ distribution in backhaul link for relay, and  the access SFI is only used to indicate the detailed ‘D’/’U’/’X’ distribution in access link for  access UE. So if one SFI can determine non-continuous OFDM symbols or slots, the indication efficiency can be improved. 
· The format unit indicated by SFI can be diversified, not always 14 OFDM symbols. A cluster including multiple OFDM symbols can be the format unit, one SFI entry can indicate one or multiple clusters' transmission direction, and the size of cluster, can be determined semi-statically along with TDM pattern.
Proposal 4: Some SFI enhancements supporting non-continuous OFDM symbol indication and configurable format unit size can be considered.
[bookmark: _GoBack]Other potential enhancementsfor FDM/SDM
If backhaul downlink and access uplink are multiplexed in FDM (with small frequency domain gap in between) or SDM manner, and the received power on one of the two links is much stronger than the received power on another link, the reception of lower power link may suffer unacceptable CLI interference.There are two alternative solutions:
· Alt 1: Leave it as scheduling implementation in parent node.
· Alt 2: Introduce additional signaling betweenthe IAB node and its parent node, e.g. a power offset request sent to the parent node. However, the parent node is not mandated to follow such signaling. 
Proposal 5: Additional signal should be introduced to coordinate received power levels on backhaul links and access links that are multiplexed by FDM/SDM.
If backhaul uplink and access downlink are multiplexed in FDM or SDM manner, and the two transmission links share the single power amplifier, the IAB node needs to coordinate power allocation on the two transmission links. There are also two alternative solutions:
· Alt 1: In RAN1 specification, take into account the access downlink Tx power reservation when calculating and reporting transmission power headroom for backhaul uplink. 
· Alt 2: In RAN4 specification where the Pc,max is defined, a new offset is added to reflect the reserved Tx power for access downlink. There is no new change in RAN1 specification. 
Observation 4: Transmission power sharing between backhaul uplink and access downlink can be implemented in either RAN1 specification or RAN4 specification. 
When the backhaul downlink and access uplink are multiplexed by FDM or SDM, the measurement of SRS by IAB node on the access uplink 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 PDSCH rate matching and the resources on access uplink for the clean SRS measurement. 
Proposal 6: 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.
For FDM/SDM of backhaul link and access link, no matter it is transmission side or reception side, it is beneficial to maintain orthogonality on backhaul link DMRS and access link DMRS. 
Proposal 7: Orthogonal DMRS between the backhaul link and access link should be introduced.
Conclusions
Based on the discussion, we have the following observations and proposals: 
Observation 1: It can be difficult to achieve DL transmission timing synchronization between IAB node and its parent node in the timing alignment cases other than Case 1. 
Observation 2: The timing alignment cases other than Case 1 may have timing stability issue on the access downlink. RAN4 input is necessary for the further study of these cases. 
Observation 3: The semi-static frame structure configuration supporting TDM/FDM/SDM can be based on existing RRC signaling. 
Observation 4: Transmission power sharing between backhaul uplink and access downlink can be implemented in either RAN1 specification or RAN4 specification. 

Proposal 1: SSB muting can be combined with parameter-based TDM or configuration-based TDM of SSB.
· e.g, the parameter-based TDM of SSB (e.g., parameterized on cell ID) is applied to the IAB nodes with different node-specific parameters, and SSB muting provides further orthogonal dimension in time domain.   
Proposal 2: The additional IAB node discovery signal, if desired, can only be optional.
Proposal 3: Study the solution to support multiple random access formats in one BWP.  
Proposal 4: Some SFI enhancements supporting non-continuous OFDM symbol indication and configurable format unit size can be considered.
Proposal 5: Additional signal should be introduced to coordinate received power levels on backhaul links and access links that are multiplexed by FDM/SDM.
Proposal 6: 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 7: Orthogonal DMRS between the backhaul link and access link should be introduced.
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