	
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: _GoBack]3GPP TSG RAN WG1 #98bis	R1-1910465
Chongqing, China, October 14th – 20th, 2019
[bookmark: Source]Agenda item:	7.2.3.1
Source: 	Samsung
Title: 	Support of SSBs for IAB Node Discovery and Measurement 
[bookmark: DocumentFor]Document for:	Discussion and Decision
Introduction
A new work item on “Integrated Access and Backhaul for NR” was approved in RAN#82 [1] and the following agreement was made in RAN1#Ad-Hoc 1901 [2], RAN1#96 [3], RAN1#96b [4], and RAN1#97 [5] as follows.
Agreements:
· SSB transmission configuration information (i.e. the necessary information for the DU to determine when to transmit SSB) and SSB reception configuration information (i.e. the necessary information for the MT to determine when to search for SSB) for IAB inter-node measurements are determined in a centralized manner, i.e. not locally by the IAB node.
· An IAB node is provided with configuration of SSB transmission and reception information for IAB inter-node measurements.
· FFS details
Agreements:
· The SSBs for IAB inter-node discovery and measurements are defined with a framework using the characteristics of the Rel 15 SMTC framework with the following enhancements: 
· The maximum number of SMTC windows that can be configured for an IAB node, referred as max( NRX ), is at least 3
· FFS whether max( NRX ) needs to be greater than 3
· FFS whether or not to extend existing SMTC window configuration
· Each SMTC window is provided its own independent configuration (e.g. periodicity, offset, duration)
· Introduction of SSB transmission configurations (STC) indicating SSB transmission(s)
· FFS details
· FFS how to resolve potential collision between SMTC and STC
Agreements:
· The Rel-15 SSB mapping pattern within a half frame is reused for IAB node discovery and measurements
Agreements:
For IAB node discovery and measurements, at least the following information should be provided in STC
· SSB center frequency
· SSB subcarrier spacing
· SSB transmission periodicity
· 5, 10, 20, 40, 80, 160, 320, 640 subframes are supported.
· SSB transmission timing offset in half frame(s)
· The index of SSBs to transmit 
· The SSBs to be transmitted in the half frame
· FFS configuration information other than above
· FFS some of the parameters can have default values, e.g. reuse the same value of the cell-defining SSBs.
· Note: The detailed signaling design is up to RAN3.
Agreements:
For IAB node discovery and measurements, an IAB node DU can be configured with zero, one or multiple STCs.
· FFS the maximum number of STCs
· FFS the dependency of multiple STCs
Agreements:
· For IAB node discovery and measurement, the maximum number of SMTC windows that can be configured for an IAB node is 4.
Agreements:
All parameters in STC for inter-IAB-node discovery and measurement are provided explicitly, i.e. the default values for the parameters in STC will not be discussed further in RAN1.
Agreements:
The configurable values of the parameters in STC for IAB node discovery and measurement are provided in the following
· SSB center frequency: 
· ARFCN-ValueNR
· SSB subcarrier spacing: 
· FR1: 15khz, 30khz
· FR2: 120khz, 240khz
· SSB transmission periodicity: 
· 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms, 640ms (agreed in RAN1 #96bis) 
· SSB transmission timing offset in half frame(s)
· [0, … , (number of half frames within SSB transmission periodicity) – 1]
· The index of SSBs to transmit (the SSBs to be transmitted in the half frame)
· Same as Rel-15
· FFS additional parameter(s) other than above
Agreements:
For IAB node discovery and measurement, the maximum number of STCs that can be configured for an IAB node DU per cell at one frequency location is 4.
· Note: this number does not include the cell-defining SSBs for initial access
Agreements:
Each STC is independently configured when multiple STCs are configured.
· Up to RAN3 to decide that if SSB index is common across two or more STC configurations, whether additional signalling optimization is necessary or not
Agreements:
The configurable values of the parameters in the SSB reception configurations including SMTC for IAB node discovery and measurement are provided in the following
· SMTC window periodicity: 
· 5ms, 10ms, 20ms, 40ms, 80ms, 160ms, 320ms, 640ms, 1280ms
· SMTC window timing offset: 
· [0, ..., (number of subframes within SMTC window periodicity) – 1]
· SMTC window duration: 
· [1, …, 5] (subframes)
· FFS larger than 5
· List of physical cell IDs to be measured
· [cell ID 0, …, cell ID M-1 ]
· FFS value of M
· SSB-ToMeasure
· Same as Rel-15
In this contribution, we will provide our views regarding the configuration details of STC and SMTC for inter IAB nodes discovery via SSBs. 
SSB transmission configurations (STC)
In this section, we discuss the configuration details for STC.
1 
2 
It has been agreed that the maximum value NTX is 4. However, the actual number of STC to be configured depends on many aspect. It may not be necessary for an IAB node MT to measure its parent node(s) or child node(s) since the quality of such links can be obtained via other measurements using other reference signals, e.g., CSI-RS. Therefore, two cases should be considered as follows.
· Case 1: an IAB node MT measures neighbouring IAB nodes including parent/child nodes;
· Case 2: an IAB node MT measures neighbouring IAB nodes excluding parent/child nodes.
The first case is illustrated in the below figure. The measurement of STC can be configured across all IAB nodes. The benefit of such configuration is that one IAB node MT can always measure all neighbouring IAB nodes including its parent and child nodes so that such configuration is independent of topology change due to backhaul link switching. However, it is not necessary to configure one STC for each neighbouring IAB node since multiple SMTC can be configured for a single IAB node MT so that it can measure its neighbouring IAB nodes on multiple occasions. 
The second case is shown in Figure 1, where the SSB measurement can be constrained between IAB nodes belonging to the same hop. In such a case, IAB node MT A can measure IAB node B and B1 but not A1. However, as aforementioned, it is not necessary for IAB node MT A to measure A1 since A1 is its child node and the link in between is already established so that stage 1 SSB/CSI information can be acquired without using inter-node discovery SSB. Such configuration can reduce the signalling overhead and therefore, the scalability is improved compared with case 1. It should be noted that such configuration of SSBs depends on topology, e.g., hop order, and any topology change might incur re-configuration of SSBs as discussed next.
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Figure. 1 Case 2 STC
Proposal 1: Topology information, e.g., hop order, should be taken into account for STC and SMTC to reduce signalling overhead.
It has been agreed that the following parameters can be considered in STC including SCS, periodicity, offset, SSB index, and frequency location of SSBs. In addition, the duration of STC should also be configured. 
For inter-node STC, at least different offset values should be configured for different STC since TDMed SSB transmission and measurement are expected. Following two options can be considered.
· Case 1: consecutive SSB;
· Case 2: distributed SSB.
Multiple STC of different IAB nodes can be grouped within a certain time window in a consecutive manner as shown in Fig. 2(a). Such configuration has the benefit of potentially simple SMTC configuration, especially when the same periodicity is configured to multiple STC of different IAB nodes. For example, a single SMTC can be configured to measure all SSBs in one occasion and therefore signalling overhead for SMTC can be potentially reduced. In addition, a single offset value can be configured to reduce signalling overhead. For example, an offset value is configured to node 1 and for node 2 and 3, the offset value can be implicitly derived. 
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Figure 2 STC (a) consecutive (b) distributed
Another option is to configure distributed STC as shown in Fig. 2(b). Such configuration provides higher level of flexibility, imposes less scheduling constraint. However, the corresponding SMTC configuration could be more complicated.
Proposal 2: The duration of STC should also be configured and consecutive SSB should be supported when configuring multiple STC and some offset values can be implicitly derived to reduce signalling overhead. 
SMTC
When STC collides with SMTC, STC should be prioritized for the following reasons. Firstly, the slot to transmit SSB should be categorized as hard resources therefore it cannot be muted and configured to measure SSB transmission from neighbouring IAB nodes. Secondly, muting STC transmission might cause the case that a large portion of the SSB transmission from a certain IAB node is muted and therefore such IAB node is invisible to its neighbours. In this regard, when SMTC collides with STC at one IAB node, SMTC is overridden by STC, i.e., instead of measuring other nodes, the node transmits SSB based on STC.
Proposal 3: When SMTC collides with STC at one IAB node, SMTC is overridden by STC, i.e., instead of measuring other nodes, the node transmits SSB based on STC.
If STC can be coordinated across multiple IAB nodes, the overall equivalent SSB transmission can be in periodic manner as shown in Fig. 3. In such a case, a single SMTC can be configured to each node to measure every potential inter-node SSB. When STC collides with SMTC, the aforementioned overriding rule can be applied. For example, node 1 needs to transmit SSB in occasion 1 and 4 even though its SMTC configuration indicates to measure other nodes. One issue for such configuration is the IAB node MT may not know to measure which neighbouring IAB node(s) in a certain occasion. One solution is to configure multiple pci-list parameters so an IAB node MT knows which IAB node(s) to measure in each occasion. 
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Fig. 3 Coordinated STC/SMTC across multiple IAB nodes
Proposal 4: Coordinated STC/SMTC across multiple IAB nodes should be supported and multiple pci-list parameters can be configured.
Synchronization procedure of backhaul link switching
One issue that still needs clarification is how an IAB node MT should do synchronization when the primary link fails due to blockage and backhaul link switching happens. Basically, the IAB node MT has two options:
· Option 1: use inter-node SSB for synchronization;
· Option 2: use initial access SSB for synchronization.
The inter-node SSB is not necessarily to be cell-defining SSBs and in this case option 2 should be assumed. 
Proposal 5: The synchronization procedure when the primary backhaul link fails due to blockage and backhaul link switching happens needs to be clarified.
RRC_IDLE state configuration
In the current NR spec, different numbers of SMTC are configured for RRC-IDLE and RRC_CONNECTED states. For RRC_IDLE state, only one SMTC can be configured but for RRC_CONNECTED state, two SMTC can be configured. However, in IAB networks, even in RRC_IDLE state if its exists for IAB MT, it may not be sufficient to configure only one SMTC for an IAB node MT to measure all neighbouring IAB nodes so that more than one SMTC should be configured in RRC_IDLE state.
Proposal 6: More than one SMTC should be configured in RRC_IDLE state.
Solution 1-A
For solution 1-A, the same set of SSBs will be used for both access UEs and inter IAB node discovery. In such a case, a mechanism is needed to make sure that one IAB node can hear from other IAB nodes subject to half-duplex constraint. A muting pattern can be in SSB burst set level. For the SSB burst set level muting, an entire SSB burst set needs to be muted to listen to SSB from other IAB nodes and it will cause significant impact on access UEs. However, it has been agreed that the impact on Rel-15 UE should be minimized so that such muting might not be optimal for access UEs. On the contrary, within one SSB burst set the positons of SSB from multiple IAB nodes can be coordinated to enable inter node discovery subject to the half-duplex constraint. Within each SSB burst set, there are multiple positions to transmit SSBs. However, the SSB positions are only possible positions for SSB transmission, that is, it is not mandated that an SSB should be transmitted in all the possible locations. Anything from a single SSB up to maximum number of SSBs within one SSB burst set is possible depending on beam sweeping requirements. In such a case, one IAB node A can transmit on one subset of all possible positions and another IAB node B can transmit on another subset not overlapping with subset of IAB node A. In this regard, with appropriate subsets chosen mechanism, e.g., semi-persistent , there could be minimal or even no impact on access UEs.
Proposal 7: For solution 1-A, SSB positions within one SSB burst set can be coordinated across multiple IAB nodes to enable inter IAB node discovery subject to half-duplex constraint.
Conclusions
This contribution considered the necessary configuration details for inter IAB nodes discovery via SSBs. In particular, the following is proposed. 
Proposal 1: Topology information, e.g., hop order, should be taken into account for STC and SMTC to reduce signalling overhead.
Proposal 2: The duration of STC should also be configured and consecutive SSB should be supported when configuring multiple STC and some offset values can be implicitly derived to reduce signalling overhead. 
Proposal 3: When SMTC collides with STC at one IAB node, SMTC is overridden by STC, i.e., instead of measuring other nodes, the node transmits SSB based on STC.
Proposal 4: Coordinated STC/SMTC across multiple IAB nodes should be supported and multiple pci-list parameters can be configured.
Proposal 5: The synchronization procedure when the primary backhaul link fails due to blockage and backhaul link switching happens needs to be clarified.
Proposal 6: More than one SMTC should be configured in RRC_IDLE state.
Proposal 7: For solution 1-A, SSB positions within one SSB burst set can be coordinated across multiple IAB nodes to enable inter IAB node discovery subject to half-duplex constraint.
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