Page 7
Draft prETS 300 ???: Month YYYY


3GPP TSG RAN WG1 Meeting #94bis
R1-1810274
Chengdu, China, October 8th - 12th, 2018
Agenda Item:
7.2.3.3
Source: 
LG Electronics

Title: 
Discussions on detection and measurement on IAB nodes
Document for:
Discussion and decision
1 Introduction

In the last meeting, following agreements were made regarding on detection and measurement of IAB nodes for NR IAB [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:

· 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 


In this contribution, we discuss on detection and measurement among IAB nodes.
2 Detection of IAB nodes
In the last meeting, two solutions on SSB-based IAB node detection were discussed as follows [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

2.1 Solution 1-A

In the first solution, an IAB node reuse SSBs for access UEs to detect other nodes. Since an IAB node cannot detect SSBs of other nodes while transmitting its SSB, muting of SSB transmission is required during detection. 
To indicate SSB muting pattern for neighbour node SSB detection, SMTC configuration can be reused. If SMTC window is configured to an IAB node, the node can stop its SSB transmission and try to detect SSBs of other nodes within the window. 

An example of SSB transmission based on the current SMTC configuration is illustrated in Figure 1.(a). In the current configuration, SMTC window duration can be configured to 1 or 5 msec. When 5 msec offset is assumed, SSB transmission within a 5msec SSB window can be muted as shown in the figure. In this case, since there can be one SSB window per SMTC window, time to gather SSB blocks to detect a node becomes long. In general, if a receiver tries to detect SSB using multiple Rx beam directions, multiple SSB windows are required for detection. In addition, for reliable SSB detection, multiple samples can be accumulated per Tx and Rx beam pair. Therefore, in an IAB node side, long detection latency would be necessary for neighbour nodes detection. In a legacy UE side, noise would be accumulated during SSB detection/muting because of frequent SSB muting with short duration, so SSB detection performance would be degraded in overall. To minimize the performance degradation at UEs, thus, if this approach is used, infrequent (or long) SMTC periodicity is desirable, which on the other hand may lead high latency in IAB node discovery.
Instead, we propose to introduce longer SMTC window duration than 5 msec as shown in Figure 1.(b). In this case, multiple of SSB window can be included in a SMTC window. Therefore, an IAB node can utilize more SSB blocks for neighbour nodes detection during a SMTC window. So, if a SMTC window can include enough number of SSB windows, an IAB node can complete neighbour node detection within the SMTC window. Thus, neighbour node detection latency can be shorted compared to the example in Figure 1.(a). Regarding on legacy UE impact, there can be a problem that an UE cannot detect a node if it is within the SMTC window. However, there is not a performance impact outside of the SMTC window. 

Periodicity of legacy SMTC can be {5, 10, 20, 40, 80, 160} msec. To allow IAB node perform detection procedure rarely, longer SMTC period needs to be included. In addition, aperiodic detection also can be considered.

Proposal 1: For Solution 1-A, SMTC configuration is reused to for SSB-based IAB node detection. Longer durations and periods are included for SMTC configuration.
Proposal 2: For Solution 1-A, aperiodic triggering of SMTC window is supported.
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(a) SSB blocks transmission with legacy SMTC configuration
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(b) SSB blocks transmission with enhanced SMTC configuration

Figure 1. Examples of SSB blocks transmission with SSB-based IAB node detection solution 1-A
For SSB muting among nodes, IAB nodes would be divided into multiple groups and nodes in different groups perform SSB muting in different timing. In this case, a node can detect neighbour nodes in different groups. If the number of groups becomes smaller, a node can detect fewer neighbour nodes and detection can be performed more frequently. On the other hand, if nodes are divided in to a large number of groups, a node can detect many neighbour nodes, but detection opportunity happen rarely. 

Then, to acquire all the benefits of SSB muting patterns with different characteristics, we propose to configure two SMTCs per IAB node. 

For instance, for the first muting pattern configured by SMTC 1, IAB nodes are divided into even-hop nodes (group 1) and odd-hop nodes (group 2). Then, different SMTC offset is configured for nodes in group 1 and 2. It means that SSB muting for even-hop nodes and odd-hop nodes are TDMed. Then, even-hop nodes can detect odd-hop nodes only and vice versa. However, since there are only two SMTC offset values, SMTC 1 can have short period. 

On the other hand, different muting pattern can be configured by SMTC 2. For example, nodes in the same hop-level can be associated into different groups, so have different SSB muting timing (SMTC offset). Therefore, an IAB node can detect neighbour nodes in the same hop-level using SMTC 2. But the detection can be performed with long period or aperiodically.

An example of two SMTC configuration is illustrated in Figure 2. When IAB nodes are composed as Figure 2.(a), SMTC1 and SMTC2 can be configured as shown in Figure 2.(b). In this example, DgNB, Node C, D, and E are even-hop node and Node A, B, and F are odd-hop node. Then, SMTC1 for even-hop nodes (DgNB, Node C, D, and E) have the same offset value, and SMTC1 for odd-hop nodes (Node A, B, and F) are also have the same SMTC offset. However, the offset value for even-hop nodes and odd-hop nodes are different, so that even-hop nodes and odd-hop nodes can detect each other. Using SMTC2, nodes in the same hop count can detect each other. SMTC2 for Node A and B, which are 1st hop nodes, are located with different time offset. Also, SMTC2 for Node C, D, and E in the 2nd hop level are have different offset. Since SMTC2 requires more offset candidates, period of SMTC2 can be configured to longer than period of SMTC1.
Proposal 3: For Solution 1-A, two sets of SMTC can be configured.
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(a) IAB node topology

[image: image4.emf]Node A

1st hop node

Node B

1st hop node

Node C

2nd hop node

Node D

2nd hop node

SMTC1 SMTC2

Node E

2nd hop node

Node F

3rd hop node

DgNB


(b) SMTC1 and SMTC2 composition for each IAB nodes

Figure 2. An example of SMTC configurations for SSB detection
2.2 Solution 1-B
In Solution 1-B, additional SSB blocks for backhaul link detection (i.e., B-SSB) are transmitted, where these are transmitted using orthogonal resources with SSBs for access UEs (i.e., A-SSB). 
For example, the time location offset between A-SSB blocks and B-SSB blocks can be multiple of 5 msec. When 20 msec A-SSB period is assumed, 5msec B-SSB window can be located 5, 10, or 15 msec after of A-SSB window. 

To IAB nodes detect each other, B-SSB blocks for different nodes need to be TDMed. This detection can be performed infrequently when static IAB nodes is assumed. Therefore, B-SSB blocks can be transmitted intermittently only in some time region as shown in Figure 3. A node transmits B-SSB blocks within B-SSB transmission duration. For TDM of B-SSB blocks for different nodes, 1) different B-SSB window offset between A-SSB window, and/or 2) different B-SSB transmission offset can be applied. Time period of B-SSB transmission region can be adjusted to the situation, and aperiodic transmission also can be considered.
In this case, time location used for B-SSB blocks transmission is the time location available for A-SSB transmission but not currently used. Therefore, even if a legacy UE detects B-SSB instead of A-SSB, it can continue initial access procedure to the node without problem, since it is just the same with detection of a cell transmitting SSBs with 5 or 10 msec period.
Similar to our proposal in Solution 1-A, configuring two sets of B-SSB transmission time region for an IAB node can be considered.

Proposal 4: For Solution 1-B, SSB for backhaul link detection can be transmitted multiple of 5 msec after of legacy SSB transmission.

Proposal 5: For Solution 1-B, period, offset, and duration for SSB for backhaul link detection can be configured.
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Figure 3. B-SSB blocks transmission time region
3 Measurement of IAB nodes
For the purpose of backhaul link measurements, it was agreed that IAB supports both SSB and CSI-RS based RRM measurements [1]. 
For RRM measurement based on SSB, detection procedure should be performed prior to measurement. It means that SSB based measurement always accompanies SSB detection, so detection and measurement need not be treated separately.
If we assume fixed IAB node location, performing detection procedure frequently can be very inefficient whereas to perform periodic measurement seems desirable for continuous measurement of candidate links. Considering these aspects, performing frequent CSI-RS based measurement with intermittent SSB based detection can be efficient.

Proposal 6: For SSB-based measurement, it is assumed that SSB based IAB node detection and measurement are performed together. 

There can be many IAB nodes for measurement, and it can be not easy to coordinate CSI-RS transmission among multiple IAB nodes. If CSI-RS transmission timing among nodes are distributed, an IAB node should consume large amount of time duration for IAB node measurement. Then, time for access UE support or backhaul link transmission can be insufficient. Thus, it seems considerable to allow perform CSI-RS based measurement using a part of CSI-RS configuration time region. 
Proposal 7: Relaxation of CSI-RS based RRM measurement is considered.
4 Conclusion 

In this contribution, we discussed on detection and measurement among IAB nodes. Based on discussion, we obtained following proposals.
Proposal 1: For Solution 1-A, SMTC configuration is reused to for SSB-based IAB node detection. Longer durations and periods are included for SMTC configuration.

Proposal 2: For Solution 1-A, aperiodic triggering of SMTC window is supported.
Proposal 3: For Solution 1-A, two sets of SMTC can be configured.
Proposal 4: For Solution 1-B, SSB for backhaul link detection can be transmitted multiple of 5 msec after of legacy SSB transmission.

Proposal 5: For Solution 1-B, period, offset, and duration for SSB for backhaul link detection can be configured.
Proposal 6: For SSB-based measurement, it is assumed that SSB based IAB node detection and measurement are performed together. 

Proposal 7: Relaxation of CSI-RS based RRM measurement is considered.
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