[bookmark: _Ref399006623][bookmark: _Toc92513360]3GPP TSG RAN WG1 Meeting #94bis															R1-1810538
Chengdu, China, October 8th  – 12th , 2018 
	
Agenda Item:	7.2.3.1
Source: 	CATT
Title: 	NR Physical Layer design for IAB backhaul link 
Document for:	Discussion and decision
Introduction
NR-IAB (Integrated Access and Backhaul) targets to support the NR access link as the backhaul link for other NR node.   
In RAN1#94, the physical layer aspects for IAB were discussed with the following agreements, 
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/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)
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)


In this contribution, we discuss the NR physical layer design aspect in support of NR-IAB.  
Physical Layer Design for NR-IAB
Stage 1 Detection for NSA
The initial discovery process by the IAB node at Stage 1 follows the Rel.15 procedure of cell search and initial access in NR standalone deployment.  For NSA deployment, there is no transmission of SSB transmission and system information.  The initial access procedure would go through LTE PCell for NSA.  To support IAB in NSA deployment, the IAB node could simply follow the LTE initial access procedure and play the role as an UE supporting LTE-NR dual connectivity.   After the LTE initial access, the IAB node needs to identify itself as an NR IAB node  and request for the LTE-NR dual connectivity.   The LTE RRC signalling needs to be enhanced to support the required control signalling of IAB node’s integration procedures, such as routing update and IAB DU setup with F1-AP setup procedure.   These control signalling were part of NR F1 control signalling during the initial setup and IAB node control signalling.  Once the IAB integration procedures complete, the Donor gNB would configure a LTE-NR dual connectivity to the IAB node as the NR cell as the SCG for backhauling link of the IAB node.  

Proposal 1:  The IAB node would perform LTE initial access for NSA operation.  The LTE RRC signalling needs to be enhanced to support the required control signalling of IAB node’s integration procedures, such as routing update and IAB DU setup with F1-AP setup procedure

Stage 2 Backhaul Links Detection and Measurements

It was agreed that both SSB and CSI-RS could be used for IAB’s detection and measurement of candidate backhaul links at stage 2 for dynamic switching of backhaul link.  The radio resource for the backhaul link measurements would be configured with respect to the candidate donor gNB.   With the half duplex constraint, the radio resource for the IAB node to measure the backhaul link should be an UE-specific RS configuration to avoid potential cell-specific radio resources collision, which could be synchronized in transmission to the UE among donor gNBs and IAB nodes based on different cases of transmission timing.   The radio resource used for the candidate backhaul link measurements by the IAB node should coordinate in configuration among candidate donor gNBs to allow simultaneous measurements from multiple backhaul links, which include the serving and target donor gNBs.  Using SSB in TDM/FDM with/without muting would have the limitation on the number of candidate backhaul link to measure.   Since IAB node would be considered as an UE in CONNECTED state, CSI-RS resource for CSI or RRM measurements should be good reference signals for backhaul link measurements.  The configuration of CSI-RS resources for IAB node backhaul link measurements is similar to UE CSI measurements from multiple beams for beam managements or CoMP.   Multiple NZP and ZP CSI-RS resources could be configured as the reference for backhaul link measurements of any candidate backhaul link and interference mitigation of non-measure backhaul links respectively to allow IAB node to measure multiple candidate backhaul links in the same time.  

Proposal 2:  Multiple NZP and ZP CSI-RS resources could be configured as the reference for backhaul link measurements of any candidate backhaul link and interference mitigation of non-measure backhaul links respectively to allow IAB node to measure multiple candidate backhaul links in the same time.  

The CSI-RS resource configured for the measurement of candidate backhaul links could be also used for RRM measurements with coordination of NZP and ZP CSI-RS resources configurations among candidate backhaul links by serving gNB.  The CSI-RS resource configured for beam management or CSI measurements from the donor gNB should be reused for RRM measurements of IAB backhaul links as well as RLM measurements.  The advantage of using the CSI-RS for RRM and RLM measurements is that the measurement performance could improve when the ZP CSI-RS is configured on the same REs of the CSI-RS resource at the neighboring cells for interference mitigation.  .  

Proposal 3:   The CSI-RS resource configured for beam management or CSI measurements from the donor gNB should be reused for RRM measurements of IAB backhaul links as well as RLM measurements.  

There is a concern of using CSI-RS as the RS for the RRM and RLM measurements of the IAB backhaul links for the 2nd stage discovery in an unsynchronized network deployment.   For 2nd stage discovery, the IAB node becomes active in serving the UE.  The transmission timing needs to be fixed with the assumption of full offset synchronized with the Donor gNB and other IAB nodes in order to perform TDM operations in battle of half-duplex constraint.   If the network is not full synchronized (including offset synchronized), the transmission timing cases 1 -7 studied in the IAB study would not work at all.  Thus, CSI-RS as the RS for the IAB node backhaul link measurements would work alone with different cases of the DL/UL transmission timing between the IAB node and the Donor gNB which required offset synchronization.     

Proposal 4:  The CSI-RS used as the RS for the IAB node backhaul link measurements would work alone with different cases of the DL/UL transmission timing between the IAB node and the Donor gNB which required offset synchronization.     


Multiplexing of Access and Backhaul Links and Interference Mitigation scheme
It was agreed in RAN1#93 that IAB node supports multiplexing of access link and backhaul link in TDM, FDM, and SDM with half-duplex constraint.    For inband operation of backhaul link and IAB Uu access link, the transmission side lobe would cause the self interference when one link is in transmission and the other link is in reception.   The half duplex constraint is to avoid self interference for inband operation.  The antenna of Uu link and the antenna of the backhaul link need to be separated and isolated to contain the interference generated by side lobe.  If there is no antenna isolation, the transmission and reception of backhaul link and Uu link needs to be coordinated in time to minimize the self interference cause d by the side lobe.   The IAB node would have symbols in transmission or reception in the same time on both access link and backhaul link.   
Since NR system is flexible in the system configurations, such as numerologies, DL/UL configuration, and HARQ timing, the better interference mitigation scheme is to have coordination DL/UL configuration between the access link and backhaul link.    The interference mitigation scheme for the IAB node is to coordinate the DL/UL transmission with the donor gNB to avoid the IAB DL transmission in the access link colliding with DL reception in the backhaul link or UL repletion at the access link interfered by the UL transmission to the backhaul link at IAB node.  If DL/UL slot format of the donor gNB is semi-statically configured by RRC as shown in Figure 3, the IAB node could receive the DL/UL slot format configuration during the initial setup of the IAB node.   The interference mitigation scheme is for IAB node configure DL/UL slot formats with the shift of the slot boundary to avoid reception in one link and transmission in another link in the same time as shown in Figure 3.   

If the DL/UL slot formats are configured dynamically at the donor gNB with SFI indicated on group common PDCCH, the IAB can played the role as the UE and decoding the group common PDCCH and determine its DL/UL slot format as shown in Figure 4.   In Figure 4, the slot boundary at IAB node delayed a few symbols to start after the DL transmission from the backhaul link with the access link slot format dynamic adjusted each slot based on SFI received from donor gNB.   From Figure 3 and Figure 4, the interference mitigation for IAB could be achieved by implementation with the DL/UL slot configuration at the IAB node is semi-static or dynamic assigned based on the DL/UL slot configuration of the donor gNB without any standard specification.  

Proposal 5:  The interference mitigation for IAB could be achieved by implementation with the DL/UL slot configuration at the IAB node is semi-static or dynamic assigned based on the DL/UL slot configuration of the donor gNB without any standard specification 



[bookmark: _Ref520220610]Figure 3: Semi-static slot format configuration for donor gNB and IAB node


[bookmark: _Ref520232727]Figure 4: Dynamic slot format configuration through SFI on Group common PDCCH

We can see from Figure 3 and Figure 4 that the slot boundary of the IAB node should be shifted a few symbols with respect to the slot boundary of the donor gNB in order to avoid self interference between access link and backhaul link when one link is transmitting and the other link is receiving.   For the UL transmission on the backhaul link, the transmission time would be determined by TA command from the donor gNB, which the TA is derived from the propagation delay.   For IAB backhaul link, the propagation delay should be steady since the IAB node is stationary.   Thus, the minimum time interval for the UL transmission time in advanced in the backhaul link could be provisioned and included in the computation of the number of symbols for the GP within the slot.   Thus, the slot boundary of the IAB node and the donor gNB should be aligned with integer multi-symbol shift.   Since each IAB node is to align the slot with symbol shift from its donor gNB semi-statically, it would be beneficial if the number of the OFDM symbols shift is configured to be the same.  This would minimize the co-channel interference for UEs covered by neighboring IAB nodes.   

Proposal 6:  The slot boundary of the IAB node and the donor gNB should be aligned with integer multi-symbol shifts.   The number of the OFDM symbol shifted at the slot boundary of the IAB node should be configured to be the same for all IAB nodes in the cluster.   
   
[bookmark: _GoBack]Node Synchronization

The over-the-air synchronization (OTA) techniques for node synchronization have been discussed in UMTS Rel-99 and in LTE Rel-12/14.  The OTA synchronization is to have a slave node synchronized with the master node.  For IAB system, the IAB-node plays the role as an UE to synchronize with the Donor gNB.  The node synchronization accuracy in the IAB system depends on the quality of backhaul link and the frequency stability of local oscillator at both the Donor gNB and the IAB-node.  The interference and noise of the backhaul link would incur the synchronization error.  The drifting of the local oscillators at the Donor gNB and the IAB-node would double the synchronization error when the IAB-node would use the DL signals from the Donor gNB as the reference time.   The synchronization error would propagate when the network access timing at the IAB-node is derived from the backhaul timing, which is synchronized with the Donor gNB.  The OTA techniques would not achieve the accurate node synchronization for the IAB system.  To achieve desired accuracy of nodes synchronization across IAB nodes in the clusters, the IAB-donors should be synchronized with absolute reference resources, such as GPS/GNSS. 
Proposal 7: The OTA techniques would not achieve the accurate node synchronization for the IAB system.  To achieve desired accuracy of nodes synchronization across IAB nodes in the clusters, the IAB-donors should be synchronized with absolute reference resources, such as GPS/GNSS. 


Conclusion
In this contribution, we provide some analysis on the system design aspect in support IAB in NR with the following proposals:
· Proposal 1:  The IAB node would perform LTE initial access for NSA operation.  The LTE RRC signalling needs to be enhanced to support the required control signalling of IAB node’s integration procedures, such as routing update and IAB DU setup with F1-AP setup procedure
· Proposal 2:  Multiple NZP and ZP CSI-RS resources could be configured as the reference for backhaul link measurements of any candidate backhaul link and interference mitigation of non-measure backhaul links respectively to allow IAB node to measure multiple candidate backhaul links in the same time.  
· Proposal 3:   The CSI-RS resource configured for beam management or CSI measurements from the donor gNB should be reused for RRM measurements of IAB backhaul links as well as RLM measurements.  
· Proposal 4:  The CSI-RS used as the RS for the IAB node backhaul link measurements would work alone with different cases of the DL/UL transmission timing between the IAB node and the Donor gNB which required offset synchronization.     
· Proposal 5:  The interference mitigation for IAB could be achieved by implementation with the DL/UL slot configuration at the IAB node is semi-static or dynamic assigned based on the DL/UL slot configuration of the donor gNB without any standard specification 
· Proposal 6:  The slot boundary of the IAB node and the donor gNB should be aligned with integer multi-symbol shifts.   The number of the OFDM symbol shifted at the slot boundary of the IAB node should be configured to be the same for all IAB nodes in the cluster.   
· Proposal 7: The OTA techniques would not achieve the accurate node synchronization for the IAB system.  To achieve desired accuracy of nodes synchronization across IAB nodes in the clusters, the IAB-donors should be synchronized with absolute reference resources, such as GPS/GNSS. 
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