3GPP TSG RAN WG1 Meeting #94b 
        

              R1-1810864
Chengdu, China, October 8 – 12, 2018
Agenda item:
7.2.3.1
Source: 
Samsung 

Title: 
Necessary Enhancements for NR IAB
Document for:
Discussion and Decision
1 Introduction

A new study item on “Integrated Access and Backhaul for NR” was approved in RAN#78 [1]. In RAN1#94, many agreements have been made on various aspects such as IAB node discovery, RACH enhancement, timing alignment, etc. A list of all relevant agreements can be found in the appendix [2]. In this contribution, we discuss necessary enhancements in order to support NR IAB and present our view on the following issues.
· IAB node discovery and measurement for stage 1 and 2

· Timing alignment

· CLI management

· RACH enhancements for IAB

· Power control between access and backhaul links
· Enhancements for TDM/FDM/SDM multiplexing
2 Discussions 
2.1 IAB node discovery and measurement for stage 1 and 2
One of the main objectives for IAB is to provide RAN-based mechanisms to support dynamic route selection to accommodate short-term blocking and transmission of latency-sensitive traffic across BH links under half-duplex constraint. There are three RA (Resource Allocation) modes defined, namely TDM, FDM and SDM. No matter which RA scheme is applied, there always exists a problem for IAB node discovery and measurement, especially for mmWave where the links can be easily blocked. 

Here we take SDM as an example. As shown in the below figure, rTRP B can receive from or transmit to donor TRP/gNB and UE simultaneously but cannot do both under the half-duplex constraint. Since mmWave links are prone to blockage, some backup links are needed so that the transmission can be switched to the backup links in case of blockage. For example in a multi-hop IAB network as shown in Fig. 1, if BH link B is blocked, BH link AB can serve as a backup link so that the data can be transmitted from Donor TRP to rTRP A via BH link A, from rTRP A to rTRP B via backup BH link AB, from rTRP B to rTRP B1 via another BH link, and then to the UE associated with rTRP B1 eventually. 
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Figure 1: Multi-hop IAB networks
In order to have fast route switching when blockage happens, the inter-relay link between A and B, i.e., the backup BH link, should be discovered and monitored. In the synchronization stage, SSBs are transmitted periodically in the DL. SSBs are cell-specific and it can sweep in many possible directions, which makes it suitable for IAB node discovery especially for the case before initial access. It has been agreed that orthogonal time resources for access link cell detection and measurement and BH link IAB node detection and measurement will be supported. But, the orthogonal separation can be done even in frequency domain as well as time domain. 
Two solutions have been agreed in the last meeting, namely SSB-based solution and CSI-RS based solution. SSB-based solution is more robust compared to the CSI-RS based solution. Moreover, CSI-RS based solution can only be applied in synchronized network in our view. In IAB networks, synchronization across the entire network cannot be maintained all the time and it imposes unnecessary constraints on IAB node discovery and measurement procedures. Therefore, CSI-RS based solution can considered as a complementary solution.
Proposal 1: SSB based IAB node discovery and measurement should be supported as the baseline solution.
For the SSB based solution, there are two sub-solutions for consideration: 1) TDM of SSBs for access links and backhaul links and 2) SSB muting. In time domain, TDM of SSBs for access link cell detection & measurement and SSBs for BH link IAB node detection & measurement should at least depend on hop order as shown in Fig. 2. IAB node A and B are with the same hop order and SSB 1 and 2 can be used for detection and measurement of candidate BH links, e.g., backup BH link A(B. The rest of the SSBs, e.g., 0 and 3-5 can be used for access link. However, for the IAB node in the next hop, e.g., node A1, it is not necessary to use the same BH link SSBs, i.e., SSB 1 and 2 for another backup BH link A1(B since A1 can act as a UE to hop 1 IAB nodes and thus detect and measure SSBs used for access link, i.e., SSB 0 and 3-5. A different TDM pattern can be used in hop 2 as shown in Fig. 2, where SSB 2 and 3 can be used for detection and measurement of IAB nodes. It should be noted the overlapped SSB 2 is only an example and the overlapping is not mandatory. Basically, the SSB TDM pattern can be defined as per hop basis, which could potentially maximize the candidate IAB node detection possibility and provide high flexibility and configurability at the same time.
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Figure 2: TDM of SSBs

Proposal 2: SSB TDM pattern should depend on hop order and different TDM patterns can be configured for different hop order.
Orthogonal resources for BH and access link detection and measurement can also be achieved via SSB muting across IAB nodes. During those muted SSBs, IAB nodes can listen to SSBs from other IAB nodes to detect potential candidate BH links. Following the same arguments aforementioned, different muting pattern should be employed across IAB nodes and such muting pattern should also depend on hop order. 
Proposal 3: SSB muting pattern should depend on hop order and different TDM patterns should be configured across IAB nodes with the same or different hop order.
Two Alts should be considered as follows,

· Alt1: Predefined muting;

· Alt2: Semi-persistent or dynamic SSB muting.

For Alt1, SSB muting pattern is predefined so that less signaling overhead is caused but it also provides low flexibility and configurability. For Alt2, SSB muting can be configurable to provide high flexibility, thus better adapting itself to the variations of channel and traffic. For example, a relay IAB node can indicate to its parent IAB node the SSBs that it has detected. Based on this report, the parent IAB node can then indicate to the relay IAB node a candidate set of SSBs that the relay IAB node shall choose from to transmit its own synchronization signals. It provides a means for the parent IAB node to coordinate the SSB resources by multiple relay IAB nodes. The signaling procedure needs to be further studied. In both Alts, the cell detection/measurement performance of the UE before RRC_CONNECTED will be impacted due to loss of SSB occasions because of muting. For the pre-defined solution, the level of impact cannot be controlled by the network and in some circumstances might be significant. On the contrary, the level of impact can be controlled and mitigated by the network in Alt2 by changing the muting pattern configuration semi-persistently or dynamically. 
Proposal 4: Following Alts can be considered for SSB muting
· Alt1: Predefined muting;

· Alt2: Semi-persistent or dynamic SSB muting.
· FFS: Signaling procedure
Orthogonality can also be achieved in frequency domain via off raster SSBs, which cannot be seen by UEs and thus are only used for IAB nodes detection and measurement. However, it will use more resources in frequency domain and the configuration of such SSB should be different from those used by UEs and thus needs further study.

Observation 1: Off raster SSB will cause higher signaling overhead and its configuration should be further studied. 
2.2 Transmission timing alignment

It has been agreed the following 5 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 BH link timing within an IAB node in different time slots……
Also, two more cases were agreed for further study:
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

To complement propagation delay between Donor/parent IAB and to reduce RF switching time between transmission and reception and transient time between access and BH link within a IAB node, all cases can be took into account for transmission time alignment. 
One example to consider all cases is shown in Figure 3. In Figure 3, T1 indicates propagation delay from Donor/parent IAB node 1 to IAB node 2 while T2 indicates propagation delay from IAB node 2 to a UE.
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Figure 3: One example for transmission timing alignment

As shown in Figure 3, transmission timings as well as reception timings within IAB node 2 in Fig. 3 are aligned. Also, transmission timings across IAB nodes are aligned as agreed for Case #1. Assuming TDM between access and BH link, guard periods required from the example in Figure 3 are as follows:

Table 1: Required guard periods from the example in Figure 3.
	To
From
	BH DL RX (or BH UL RX)
	BH UL TX (or BH DL TX)
	Access DL TX
	Access UL RX

	BH DL RX (or BH UL RX)
	-
	T1+Ts
	T1+Ts
	TS

	BH UL TX (or BH DL TX)
	Ts-T1
	-
	0
	Ts-T1

	Access DL TX
	Ts-T1
	0
	-
	Ts-T1

	Access UL RX
	0
	T1+Ts
	T1+Ts
	-


It is noted that TS indicates switching time from/to transmission and reception within IAB node 2. To guarantee required guard periods within an IAB node, certain transmission symbols or reception symbols should be dropped for example, when BH reception switches to BH transmission or Access DL. Therefore, in order to secure required guard periods, which one should be prioritized between BH transmission and BH reception, BH and Access, Access DL and Access UL can be further discussed. 
Proposal 5: To guarantee required guard periods within an IAB node, a priority rule between BH transmission and BH reception, BH and Access, Access DL and Access UL can be further discussed.
2.3 Interference management

SID and WID on RIM and CLI-RIM handling, respectively, have been approved in [3] and [4]. In particular, CLI-RIM in [4] has objectives as follows.

· Specify cross-link interference measurements at a UE (e.g., CLI-RSSI and/or CLI-RSRP) [RAN1, RAN4] 

· Identify when cross-link interference mitigation techniques based on such measurement(s) provide benefits with practical RF performance [RAN4]

· Specify network coordination mechanism(s) including at least exchange of intended DL/UL configuration [RAN1, RAN3]
Note: The objectives for remote-interference management will be updated once study on RIM is completed. 
Note: Measurement and coordination mechanisms can be applicable to IAB nodes.

As shown in the note, it is apparent that there are some overlapping areas between IAB and CLI-RIM WID. Therefore, the scope of IAB CLI study should be further clarified and refined to avoid such overlapping. Moreover, it is preferred that at least the same general framework and design can be applied to both cases.

In order to handle 4 CLI scenarios identified, different reference signals, e.g., SRS and DMRS, can be jointly configured with ZP CSI-RS across IAB nodes to measure CLI effectively. The current CSI framework already has high flexibility and configurability to handle interference measurement using ZP CSI-RS in various scenarios. However, in order to measure CLI between IAB nodes, some information regarding RS configuration and UL/DL configuration should be exchanged between interfering and victim IAB nodes. Further details can be found in a companion contribution [5]. 

Proposal 6: Information on the SRS/DMRS of interfering IAB nodes should be exchanged between coordinated gNBs.

2.4 RACH multiplexing

Due to different requirements and capabilities of IAB nodes and UEs in terms of, e.g., coverage and transmission power, it might be desirable to have different RACH configurations for IAB nodes and UEs and it has been agreed that IAB supports the ability of network flexibility to configure backhaul RACH resources with different occasions, periodicities, and/or formats, compared to access RACH resources without impacting Rel.15 UEs. In NR, it is already possible to configure multiple RACH resources in the frequency domain so frequency domain multiplexing can be done. However, in the time domain, the time resources used by PRACH are given by the higher-layer parameter prach-ConfigurationIndex, which is included in the system information and should be common for all the UEs. It means if different time resources or preamble formats need to be configured for IAB nodes, multiple sets of RACH configuration parameters are needed. In order to be able to configure multiple sets of RACH parameters, the RACH configuration IEs in RRC, e.g., RACH-ConfigCommon should be expanded to cover multiple parameter sets. There should be an explicit flag signal to indicate that RACH for IAB nodes is enabled. The additional configuration signaling can be either conveyed via backhaul links from the donor IAB node to its child IAB nodes and so on, or broadcasted with system information. For the former case, IAB nodes can perform RA procedure as if the IAB node is a UE initially. Once the initial access is complete, additional configuration can be done by its parent IAB node. For the latter case, RACH resources and configurations can be different for IAB nodes and UEs from the beginning with higher RACH efficiency but additional signaling is needed in system information. The flag signal should be broadcasted.
Proposal 7: NR should consider multiple sets of RACH parameters for RACH multiplexing and a flag signal can be considered to indicate such configuration and broadcasted in system information.

In Rel-15 NR phase 1, multiple preamble formats for random access have been specified. Some of them have been defined for FR1 only where format 1 provides the longest coverage and others have been defined for FR2 only where format C2 provides the longest coverage (e.g. 9.2 Km of cell radius). The targeted coverage that can be supported by preamble formats is related to how far access UEs can be from a gNB (or a cell center) and then whether these preamble formats can be directly reused for IAB needs to be discussed considering the following points. First, it is expected that IAB nodes have higher power class than access UEs because constraint on power consumption of the IAB nodes can be relaxed, e.g. plugged-in. Thus, the signals transmitted from the IAB nodes can be propagated further than the signal transmitted from access UEs. Second, the IAB nodes are likely to be installed on a rooftop or a lamp post with well-planned deployment and then the antenna height of the IAB nodes is higher than access UEs. In this case, LOS channel condition between the IAB nodes and Donor can be more guaranteed than access UEs due to fewer obstacles near the antennas. Therefore, it is obvious that the coverage between the IAB nodes and Donor needs to be increased compared to the access UEs and then the necessity of introducing new preamble formats is given for IAB.
Proposal 8: IAB should consider new preamble formats to support longer coverage compared to NR phase 1.
2.5 Power control for IAB

It has been agreed that for the support of SDM, transmit power coordination between parent and child links should be further studied. Actually, there are two issues: 1) power imbalance when receiving from IAB node and UE simultaneously, where the IAB power is expected to be much larger than UE power; and 2) transmission power splitting between UL backhaul links and DL access links. For TDM, there is not such issue since the backhaul links are separated from access links and therefore normal power control procedure is sufficient. Aggressive power control for backhaul links could cause extra interference and thus should not be applied. For SDM, two cases can be considered: case 1) with power sharing between two links, e.g., intra-panel case; and case 2) without power sharing between two links, e.g., inter-panel case. 
For both cases, power imbalance might cause strong interference from backhaul link to access link due to the much higher transmission power of IAB node and it might get worse for case 1. Possible approaches to mitigate the problems, can be 1) Always reducing transmission power from IAB considering access link, 2) Having time durations to protect access link from higher transmission power of IAB node, 3) Introducing closed loop power control for backhaul link.  However, higher priority can be given to backhaul links. Moreover, interference cancelling techniques can be applied to mitigate the impact of backhaul link interference. 

Power splitting between UL backhaul link and DL access link might be a problem because the transmission power for UL backhaul link is configured by the parent IAB node but for DL access link transmission at the same time, certain power needs to be configured for reference signals such as SS and CSI-RS. This only happens in case 1 with power sharing. As a possible approach to address the power splitting issue, importance between information and channels can be considered and more transmission power according to priority rule can be given to backhaul or access link. On the other hand, following the same logic as mentioned above, higher priority can be always given to backhaul links and the parent IAB node can follow the normal power control procedure. If there is no enough power left for DL access link reference signal transmission, the data transmission power can be borrowed and it can be left to implementation.
Proposal 9: The following solutions can be considered for IAB node power control with higher priority given to backhaul links
· Always reducing transmission power from IAB considering access link, 
· Having time durations to protect access link from higher transmission power of IAB node, 
· Introducing closed loop power control for backhaul link.  
2.6 Enhancements for TDM/FDM/SDM multiplexing
In general, there are two types of relays such as inband relay and outband relay. For outband relay, access link and backhaul (BH) link have separate orthogonal resources. But, for inband relay, access link and BH link should share a resource in a time, frequency or spatial domain manner. Therefore, one of the main objectives for IAB is to provide mechanisms to efficiently multiplex the access and BH links in time, frequency, or space for the inband relay and then it should guarantee there is no impact on NR UE operations by such mechanisms. Taking into account already specified NR phase 1 standards for access links, there are several ways to achieve semi-static or dynamic resource partitioning between access and BH links without impacts on NR UE operations. For example, reserved resource by RRC signalling and/or L1 signaling can be utilized to reserve resources for BH links. Also, some BWPs from BWP configurations by RRC signalling can be utilized to reserve resources for BH links. Therefore, it seems that NR phase 1 access link standards can be reused to reserve resources for BH link.

It has been agreed that all multiplexing schemes including TDM, FDM and SDM will be supported in IAB. However, no matter which multiplexing scheme is used, scheduling coordination must take the enhancements made for IAB node discovery and measurement into consideration. E.g., slots with SSBs for IAB node discovery should be avoided when scheduling UL access link. The resource allocation between BH and access links and between UL and DL should be coordinated to guarantee that when potential relay IAB node receives in certain time slots, another IAB node that is connected to or potentially to be connected to this relay IAB node should be able to transmit SSB in at least some of these time slots so that the inter-relay link discovery and measurement can be performed.

Proposal 10: Multiplexing should take the enhancements made for IAB node discovery and measurement into consideration. E.g., slots with SSBs for IAB node discovery should be avoided when scheduling UL.

For TDM, 16 potential cases have been defined for multiplexing between backhaul links and access links and certain patterns should be defined accordingly. In our view, these patterns only identify feasible multiplexing and thus can be combined within an adaptation period.

The traffic at IAB node depends not only on its associated UEs but also its parent IAB node and child IAB node and thus is expected to be highly dynamic. The duration of adaptation period and granularity depend on such dynamics. Symbol-level granularity has been supported in NR for dynamic TDD and it seems natural to adopt the same granularity for IAB TDM multiplexing pattern and the adaptation period as one slot, which can provide highest flexibility. Considering the more complex multiplexing patterns, slot-level granularity can also be supported to reduce complexity and signaling overhead. The adaptation period can be configurable and within each adaptation period, a bitmap can be used to indicate which link is active during each slot. Considering frequency resource can be allocated based on the necessary traffic, it should be noted that such configuration is not necessarily to be dynamic but semi-persistent. 
Proposal 11: Both symbol-level and slot-level granularity can be supported and for adaptation period, its duration should be configurable, where within each adaptation period, a bitmap can be used to indicate the active link.


Another issue is the delay due to scheduling and IAB node processing. Once an IAB node receives multiplexing pattern from its parent IAB node, it needs some time to apply the configuration and also configures multiplexing pattern to its own child IAB node. If the parent IAB node configures a new multiplexing pattern during such time, it might cause some confusion to the IAB node and/or its child IAB nodes. It should be noted that for semi-persistent multiplexing pattern configuration/reconfiguration, it might not be a problem if the reconfiguration does not happen very frequent and the number of hops is small. However, for more general scenarios, a mechanism should be provided to avoid such problem. In our view, an IAB node should wait until its child IAB nodes finish their own configuration for multiplexing pattern before issuing a new multiplexing pattern configuration command. A confirmation signaling can be used to notify the parent IAB node that multiplexing pattern configuration of IAB node and its child IAB nodes is complete so that the parent IAN node can issue new multiplexing pattern configuration again if needed. 
Proposal 12: An IAB node should wait until its child IAB nodes finish their own configuration for multiplexing pattern before issuing a new multiplexing pattern configuration command and a confirmation signaling can be used for notification.
3 Conclusions 

This contribution discusses necessary enhancements for NR IAB and then proposes the following depending on the discussion:
Observation 1: Off raster SSB will cause higher signaling overhead and its configuration should be further studied. 

Proposal 1: SSB based IAB node discovery and measurement should be supported as the baseline solution.
Proposal 2: SSB TDM pattern should depend on hop order and different TDM patterns can be configured for different hop order.
Proposal 3: SSB muting pattern should depend on hop order and different TDM patterns should be configured across IAB nodes with the same or different hop order.
Proposal 4: Following Alts can be considered for SSB muting
· Alt1: Predefined muting;

· Alt2: Semi-persistent or dynamic SSB muting.
· FFS: Signaling procedure
Proposal 5: To guarantee required guard periods within an IAB node, a priority rule between BH transmission and BH reception, BH and Access, Access DL and Access UL can be further discussed.
Proposal 6: Information on the SRS/DMRS of interfering IAB nodes should be exchanged between coordinated gNBs.

Proposal 7: NR should consider multiple sets of RACH parameters for RACH multiplexing and a flag signal can be considered to indicate such configuration and broadcasted in system information.
Proposal 8: IAB should consider new preamble formats to support longer coverage compared to NR phase 1.
Proposal 9: The following solutions can be considered for IAB node power control with higher priority given to backhaul links
· Always reducing transmission power from IAB considering access link, 
· Having time durations to protect access link from higher transmission power of IAB node, 
· Introducing closed loop power control for backhaul link.  
Proposal 10: Multiplexing should take the enhancements made for IAB node discovery and measurement into consideration. E.g., slots with SSBs for IAB node discovery should be avoided when scheduling UL.

Proposal 11: Both symbol-level and slot-level granularity can be supported and for adaptation period, its duration should be configurable, where within each adaptation period, a bitmap can be used to indicate the active link.

Proposal 12: An IAB node should wait until its child IAB nodes finish their own configuration for multiplexing pattern before issuing a new multiplexing pattern configuration command and a confirmation signaling can be used for notification.
Appendix
The agreements in [2] is listed as follows.

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 of the 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:

· IAB supports the ability of network flexibility to configure backhaul RACH resources with different occasions, periodicities, and/or formats, compared to access RACH resources without impacting Rel.15 UEs
· Further study mechanisms under current PRACH design framework to ensure that after initial access, IAB nodes and access UE of its mother node can be configured or identify TDMed PRACH occasions.
· Further study the need for new RACH formats/configurations specific for IAB node random access

Agreements:

· For the purpose of backhaul link measurements IAB supports both SSB and CSI-RS for backhaul link RSRP/RSRQ RRM measurements. Further consider the following aspects:

· Enhancements to Rel.15 CSI-RS and SSB measurement configurations and required coordination 

Agreements:

· To support RLM/RLF procedures for IAB nodes, the following should be further studied: 

· Enhancements to support interaction between Beam Failure Recovery success indication and RLF 

· Enhancements to existing beam management procedures for faster beam switching/coordination/recovery to avoid backhaul link outages should be considered for IAB nodes

Agreements:

· Study the need for additional backhaul link condition notification mechanism from the parent IAB node DU to the child IAB node as well as corresponding IAB node behavior.

· E.g., if the parent IAB node’s backhaul link fails (RLF or BF) 

· Note: this study is intended to focus on RAN1 aspecs only (any higher layers aspects are to be handled by other WGs)

Agreements:

Capture the following definitions in the TR:

· Access link: a link between an access UE and an IAB node or IAB donor (LA,DL or LA,UL)

· Backhaul link: a link between an IAB node and an IAB child node (LC,DL or LC,UL)or IAB parent node (LP,DL or LP,UL)

· Note: the IAB node may have its functions for UL access and child BH respectively in the same location or different locations, which is not the scope of RAN1 discussion
· Note: For a given BH link for an IAB node, it may be a parent BH or a child BH, depending on the topology/architecture, which is not the scope of RAN1 disucssion
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Agreements:

An IAB node can support the following cases using existing MU-MIMO or sectorization mechanisms:

· Case A: multiplexing of DL transmissions to access UEs and child IAB nodes 

· Case B: multiplexing of UL transmissions from access UEs and child IAB nodes

Agreements:

Clarify the SDM scenario definition: 

· SDM Tx: An IAB node simultaneous transmits in the DL (to an access UE and/or child IAB node) and transmits in the UL (to a parent IAB node)

· SDM Rx: An IAB node simultaneous receives in the DL (a transmission from a parent node) and receives in the UL (from an access UE and/or child IAB node)

For the support of SDM, 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)

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 TDM, at least the following cases are supported:

	
	TDM Between:
	

	Case
	Link 1
	Link 2
	Supported by a pattern?

	1
	LP,DL
	LC,DL
	Yes

	2
	LP,UL
	LC,UL 
	Yes

	3
	LP,DL
	LC,UL
	Yes

	4
	LP,UL
	LC,DL 
	Yes

	5
	LP,DL
	LA,DL 
	Yes

	6
	LP,UL
	LA,UL 
	Yes

	7
	LP,DL
	LA,UL
	Yes

	8
	LP,UL
	LA,DL 
	Yes

	9
	LP,DL
	LA,DL and LC,DL
	Yes

	10
	LP,UL
	LA,UL and LC,UL
	Yes

	11
	LP,DL
	LA,UL and LC,UL
	Yes

	12
	LP,UL
	LA,DL and LA,DL
	Yes

	13
	LC,DL
	LA,DL 
	* At least Rel. 15 mechanisms can be used, FFS enhancements

	14
	LC,UL
	LA,UL 
	* At least Rel. 15 mechanisms can be used, FFS enhancements

	15
	LC,DL
	LA,UL
	* At least Rel. 15 mechanisms can be used, FFS enhancements

	16
	LC,UL
	LA,DL 
	* At least Rel. 15 mechanisms can be used, FFS enhancements


Note: A given pattern may include support for multiple cases, details FFS.

At least for Cases 1-12, an IAB node is configured with IAB-node specific resources in time available for the links:

· Further study details of the adaptation period and granularity (e.g. slot or symbol-level) of the pattern provided to the IAB node, including

· Explicit or implicit indication of the resources

· Enhancements to existing signaling mechanisms to indicate the pattern

· Further study the indication of resources within the configuration which can be dynamically and flexibly used for different links, including

· The need to consider the scheduling delay, IAB node processing delays, or information required to be available for the use of flexible resources

· Mechanisms to schedule flexible resources (e.g. GC-PDCCH)
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