[bookmark: _GoBack]3GPP TSG RAN meeting #81										      RP-181649
Gold Coast, Australia, September 10-13, 2018
Status Report to TSG
Agenda item:			9.3.10
	WI / SI Name
	

	included in this status report
	Core part:
	Yes
	Perf. part:
	No
	Testing part:
	No

	Acronym
	FS_NR_IAB

	Unique ID
	750047

	TSG Tdoc of latest approved WI/SI description (if any)
	RP-181349


	Target Completion Date
	Core part: 12/2018
	Performance part: 

	Is the WI/SI complete?
	Core part: No
	Performance Part: 



Source:
	Leading WG
	RAN2

	Rapporteur
	Name
	HAMPEL, Georg

	
	Company
	Qualcomm

	
	Email
	ghampel@qti.qualcomm.com; 




1	Work plan related evaluation
	Do you want to modify the time budget for this WI/SI compared to what was endorsed at the last RAN meeting?
	No



If you answered No:	Then please remove the Excel file from the zip file of this status report.
If you answered Yes:	Then please fill out the attached Excel template to request a modification of the time 		budgets for your WI /SI. The Excel table has to be filled out for all affected RAN WGs and 		up to the target date of the WI/SI. The basis are the endorsed time budgets of the last 		RAN meeting. Please highlight all changes of the values.
		One time unit (TU) corresponds to ~ 2 hours in the meeting.
		If this status report covers a WI with Core and Performance part, then please have one 		line for each in the attached Excel table.
		Note: If no Excel table is attached, then this means no time budget change.
Additional explanations/motivations for the time budget changes in the attached Excel table:


2.	Detailed progress in RAN WGs since last TSG meeting (for all involved WGs)
	NOTE: Agreements and Open issues impacted cross-TSG aspects shall be explicitly highlighted
2.1	RAN1
2.1.1	Agreements



RAN1 #94
The following agreement was made related to IAB initial access:
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

The following agreement was made related to IAB node discovery and required configuration/coordination:
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

The following agreement was made related to IAB random access configurations:
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

The following agreement was made related to inter-node IAB node measurement:
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 

The following agreements were made related to IAB node link management, including backhaul link failure:
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 behaviour.
· E.g., if the parent IAB node’s backhaul link fails (RLF or BF) 
· Note: this study is intended to focus on RAN1 aspects only (any higher layers aspects are to be handled by other WGs)

The following definitions were made for the purpose of identifying mechanisms and required coordination to support different access and backhaul link multiplexing methods:
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
The following agreements identify supported TDM scenarios for access and backhaul links and requirements for coordination to support TDM cases as well as potential signalling mechanisms for dynamic coordination:
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)

The following agreements were made related to non-TDM access and backhaul multiplexing methods:
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/FDM scenario definition: 
· SDM/FDM 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/FDM 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/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)

The following agreements were made related to timing alignment options across IAB nodes to support different
access and backhaul multiplexing methods while considering potential overhead or impact on access UEs:
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

The following agreement was made to update several evaluation assumptions for the Heterogeneous IAB deployment scenario:
Agreements:
· Update the Heterogeneous scenario with the following additional network dropping assumptions:
	Distance
	ISD 500m
	ISD 200m

	Minimum distance between Micro TRPs
	40m
	40m

	Minimum distance between Macro TRP and UE
	35m
	10m

	Minimum distance between Micro TRP and UE
	10m
	10m

	Minimum distance between Micro TRPs and Macro TRP
	40 m
	20m



The following agreement was made to clarify the access and backhaul multiplexing assumptions across multiple antenna panels for IAB evaluations:
Agreements:
· At least for the purpose of IAB evaluations, when the IAB node has multiple panels, RAN1 assumes access and backhaul traffic can be sent on any panel, subject to the per IAB-node half duplex constraint.

The following agreements were made to identify potential inputs for IAB topology formation methods and relevant metrics (at least for the purpose of evaluations):
Agreements:
The following factors can be considered as input to the IAB node parent-node selection, in addition to parent-node RSRP as measured by the IAB node
· Number of hops to between the candidate parent node to the donor node
· “Capacity” measures (downlink and uplink) of links on the path between the candidate parent node to the donor node
· e.g. min RSRP of a route, harmonic mean of RSRP, Shannon capacity of the link, IAB node capability
· Load (downlink and uplink) of the candidate parent node as well as nodes on the paths between the candidate parent node to the donor node
· Examples: Number of IAB nodes and access UEs served by a certain node

Agreements:
Add the following to the list of reported metrics for IAB evaluations:
· Distribution of minimum backhaul link RSRP of a given route between an IAB node and IAB donor 
· Distribution of number of child IAB nodes per IAB node and per IAB donor
· Distribution of number of access UEs per IAB donor
· Hop count distribution
2.1.2	Remaining Open issues
· Details of required configurations/coordination for SSB and CSI-RS based discovery and measurement of IAB nodes should be finalized, along with the identification of any required new specification effort.
· Details of backhaul link management and failure avoidance/recovery mechanisms should be finalized, along with the identification of any required new specification effort.
· Details of signalling and coordination mechanisms to support TDM of access and backhaul links should be finalized, along with the identification of any required new specification effort.
· Details and feasibility of timing alignment, required coordination, and physical layer enhancements (e.g. power control and CLI mitigation) to support SDM/FDM of access and backhaul links should be finalized, along with the identification of any required new specification effort.
· Simulation results and resulting observations for various aspects of IAB performance evaluations should be consolidated and captured in the TR.

2.2	RAN2
2.2.1	Agreements
RAN2 #AH-1807
The meeting discussed various aspects of the U-plane design. The focus was on L2-relaying designs (architecture group 1). 
Agreement was reached for the study to include two mapping approaches between UE-bearers and backhaul RLC channels (R2-1810810). 
· 1:1 mapping: This enables UE-bearer-specific QoS-support across the backhaul links, but it requires update of intermediate IAB-nodes when bearers are established and released.
· Per-QoS-profile mapping: This approach limits QoS granularity, e.g. to predefined QoS-profiles, which may allow pre-establishment of BH RLC channels. 
Further, agreement was reached on details regarding identifiers carried on the adaption layer and adaptation-layer placement for L2-relaying architectures (R2-1810973).
Also, scheduler and QoS impacts of multi-hop routing for L2 relaying (architecture group 1) were discussed. For fairness support across the IAB-topology, two options were identified. In one option, the DU scheduler obtains fine granular information with respect to each UE-bearer which allows establishment of full fairness across the topology. In the other option, only reduced information is provided, e.g. on aggregated number of UEs or descendant IAB-node, which only allows limited fairness support. The agreements were captured in a text proposal. (R2-1810972).
Lossless data recovery after topology adaptation for hop-by-hop RLC ARQ was identified as a problem. Further discussion identified three candidate solutions. The problem and the solutions were captured in a text proposal (R2-1810811). 
A discussion was started on need and purpose of flow control for multi-hop backhauling. In absence of this feature, packet loss due to congestion on intermediate hops for L2-relaying may have adverse effects on PDCP and TCP layers above. In an email discussion, preliminary consensus was reached that a flow-control feature might be beneficial for architecture group 1 to mitigate congestion-related performance degradation of downstream traffic. This outcome was reported to RAN2 #103.

RAN2 #103
The meeting discussed remaining U-plane and C-plane design features and alternatives. Further, comparisons were refined between design options established before. The focus was on L2-relaying designs (architecture group 1). 
Modifications on the L2-structure were discussed for the various U-plane options of L2-relaying as introduced in prior IAB SI meetings. Offline discussion converged on a text proposal, which is presently finalized in a RAN-2 two-week email discussion. The TP shows the L2 structures for 1:1 and aggregated mappings of UE-bearers to RLC BH channels (R2-1813362). 
The discussion on flow control for multi-hop L2 relaying (architecture group 1), which had started in the meeting before, was continued. Based on intensive discussion, a TP was established, which is presently finalized in RAN-2 two-week email discussion (R2-1810451). 
The agreements on UE-bearers-to-BH-RLC-channels mappings from the prior meeting are further refined. It is considered to generalize the per-QoS mapping to a many-to-on mapping, which is compliant with more flexible implementations. A TP was established which is presently finalized in RAN-2 email discussion (R2-1813024). 

2.2.2	Remaining Open issues 
Further discussion is necessary to address end-to-end reliability in hop-by-hop ARQ during topology adaptation. A RAN-2 email discussion has been scheduled with report to next meeting including agreeable TP to TR 38.874.
The next meetings have to focus on comparisons among the various options and alternatives introduced.
Performance of C-plane transport has to be evaluated for the various C-plane alternatives discussed for architecture 1a. The performance criteria a reliability, in-order delivery, low bounded latency and security. A RAN-2 email discussion has been scheduled with report to next meeting including agreeable TP to TR 38.874.
Further comparisons have to be conducted for the U-plane options and C-plane alternatives of architecture 1a. Focus needs to be set on aspects such as hop-by-hop vs end-to-end RLC ARQ, one-to-one vs. many-to-one bearer mappings, and routing on IAB-donor DU based on IP vs. F1*. 

2.3	RAN3
2.3.1	Agreements
RAN3 #AH-1807
A discussion established the principal procedure of IAB-node integration for L2-relaying (architecture group 1) in SA mode. Further, detailed examples were agreed for one specific C-plane and U-plane alternative. The high-level and detailed procedures were captured in a TP to TR 38.874 (R3-184254). 
Further discussion evolved around topologies supported by IAB. In particular, agreement was reached that multi-connectivity across IAB-donors is not supported for L2-relaying in this study as it is not compliant with the existing CU/DU split architecture. The agreement was captured in a TP to TR38.874 (R3-184254).
The RAN-behaviour in response to a CN-based QoS request was discussed. Agreement could be reached on an adequate procedure, which reuses existing CN-specifications. The procedure is compliant with fine-granular flow- and bearer-based QoS-enforcement on IAB nodes. The agreement was captured in a TP to TR38.874 (R3-184369).
The introduction of a new C-plane alternative for L2-relaying (architecture 1a) was agreed in a TP to TR38.874 (R3-184347). This alternative uses DRBs and E1-AP to transport F1-AP between IAB-node DU and CU-CP.  Further, TP on refinement of address allocation was agreed for IP-based adaptation layer design (R3-184045). 
A comparison on RAN and CN impact for NSA vs. SA-modes was conducted. The TP to TR (R3-184255) was agreed.
C-plane and U-plane protocol stacks were captured in the TR for L3-relaying (architecture 2a) (R3-184278).

RAN3 #101
Topology adaptation and topological redundancy for IAB was discussed for L2-relaying. Significant progress was made in defining scenarios and procedures. 
· Agreement on topology adaptation scenarios to be considered in the study. These include (1) IAB-node migration underneath the donor-DU, (2) between donor-DUs, and (3) between donor-CUs (R3-184896).
· Topology adaptation procedures were established for L2-relaying. They reuse existing procedures for inter-DU mobility and add steps for addition of new routes, F1-migration and release of old routes (R3-184693).
· Procedures for topological redundancy were established for L2-relaying. Two alternatives were included. In one alternative, the IAB-node-MT leverages existing dual-connectivity specification. In the other alternative, the IAB-node is equipped with two (or more) MTs, where each MT is single connected  R3-185153).
Procedures for topology discovery was discussed and agreed for L2- and L3-relaying architectures (R3-185170). For L2-relaying, the mapping between collocated DU and MT identifiers is forwarded to the CU-CP. For L3-relaying a distributed technology discovery is achieved via upstream propagation of MT-DU identifier pairs. 
Backhaul link failure and recovery scenarios were agreed for study (R3-185287), which include recovery via an existing path, recovery via new path to a the same donor, and recovery via a new path to a new donor.
These various agreements were captured in TPs to TR 38.874.

2.3.2	Remaining Open issues
Procedures for backhaul link failure and recovery need to be discussed for the scenarios agreed in RAN-3 #91. 
Further, IAB-node setup procedures for NSA need to be captured.
A comparison of architectures 1a, 1b and 2a should be conducted to enable a recommendation for IAB work item.
2.4	RAN4
2.4.1	Agreements
2.4.2	Remaining Open issues
2.5	RAN5
2.5.1	Agreements
2.5.2	Remaining Open issues
2.5.3	Remaining Open issues with cross-WG dependencies
2.5.4	Estimated Level of Completion
2.6	RAN6
2.6.1	Agreements
2.6.2	Remaining Open issues

3.	Detailed progress in SA/CT WGs since last TSG meeting (for all involved WGs)
NOTE: This section only needs to be filled in for WI/SIs where there is a corresponding relevant WI/SI in SA/CT. Based on the joint RAN-SA#80 session the items relevant for this section are shown in http://www.3gpp.org/ftp/tsg_sa/TSG_SA/TSGS_80/Docs/SP-180561.zip and summarized below:
	Work Area
	SA WIDs
	Rapporteurs
	RAN WIDs
	Rapporteurs

	URLLC for 5G
	FS_5G_URLLC
FS_Vertical_LAN
cyberCAV
	SA2: Hui.ni@huawei.com
SA2: Devaki.chandramouli@nokia.com
SA1: joachim.walewski@siemens.com
	FS_NR_L1enh_URLLC
FS_NR_unlic
FS_NR_IIOT
	RAN1: chengyan.cheng@huawei.com
RAN1: jingsun@qti.qualcomm.com
RAN2: dawid.koziol@nokia.com

	V2X for 5G
	FS_eV2XARC
	SA2: laeyoung.kim@lge.com
SA1: sungduck.chun@lge.com
	FS_NR_V2X
	RAN1: Hanbyul.seo@lge.com
Matthew.webb@huawei.com

	Positioning
	FS_eLCS
5G_HYPOS
	SA2: aiming@catt.cn
SA1: lionel.ries@esa.int
	FS_NR_POS
	RAN1:alexey.khoryaev@INTEL.COM
asbjorn.grovlen@ERICSSON.COM

	UE Capabilities
	FS_RACS
	SA2: harisz@qti.qualcomm.com
	FS_RACS_RAN
	RAN2: alex.hsu@mediatek.com

	5G Satellite Aspects
	FS_5GSAT_ARCH
5GSAT
	SA2: cyril.michel@thalesaleniaspace.com
SA1: cyril.michel@thalesaleniaspace.com
	FS_NR_NTN_solutions
	RAN3: nicolas.chuberre@thalesaleniaspace.com



RAN and SA rapporteurs are requested to fill in these clauses jointly.

3.1	SAx/CTs
3.1.1	Agreements with cross-TSG impacts
3.1.2	Remaining Open issues with cross-TSG impacts
NOTE: This section should also flag any critical dependencies that need TSG attention. 
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Is the WI/SI complete?  Core part:   No  Performance Part:   

  Source:  

Leading WG  RAN2  

Rapporteur  Name  HAMPEL, Georg  

Company  Qualcomm  

Email  ghampel@qti.qualcomm.com ;   

    1   Work   plan related evaluation  

Do you want to modify the time budget for this WI/SI compared to  what was endorsed at the last RAN meeting?  No  

  If you answered No:   Then please remove the Excel file from the zip file of this status report.   If you answered  Yes:   Then please fill out the attached Excel template to request a modification of the time      budgets for your WI /SI. The Excel table has to be filled out for all affected RAN WGs and      up to the target date of the WI/SI.   The basis are the endorsed time b udgets of the last      RAN meeting. Please highlight all changes of the values.       One time unit (TU) corresponds to ~ 2 hours in the meeting.       If this status report covers a WI with Core and Performance part, then please have one      line for each in the atta ched Excel table.       Note: If no Excel table is attached, then this means no time budget change.   A dditional explanations/ motivation s for the time budget changes in the attached Excel table :       2.   Detail ed p rogress  in RAN WGs  since last TSG meeting   (for all  involved WGs)     NOTE: Agreements and Open issues impacted cross - TSG aspects shall be explicitly highlighted   2.1   RAN1   2.1.1   Agreements        

