Page 4
Draft prETS 300 ???: Month YYYY
3GPP TSG-RAM WG1 #96-Bis	R1-1904832
Xi’an, China, 8th April – 12th April, 2019

Agenda Item:	7.2.3.1
Source:	Ericsson
Title:	SSB-based IAB node discovery and measurement
Document for:	Discussion

Introduction
In the RAN1 #96 Meeting, the following was agreed [2].
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


In this contribution, the details of the extensions to the Rel.15 specification to support IAB inter-node measurement using Type-B SSBs are discussed. 
For simplicity, the following terms are defined:
· IA-SSB: on-raster SSBs for UE/IAB initial access (cell search)
· NM-SSB: off-raster SSB for IAB node measurement
· M1-SSB: SSB transmission can be muted, which is one kind of NM-SSB
· M0-SSB: SSB transmission can’t be muted, which is one kind of NM-SSB
[bookmark: _Ref534650608]Off-raster SSB transmission for IAB inter-node discovery and measurement

After the IAB initial access stage and the RRC connection establishment, the DU part of the IAB node is configured and becomes active. During the IAB-node set up, the DU is configured to transmit SSBs for UE cell search and measurement as well as for IAB node initial cell search. The DU may also be configured to transmit SSB for inter-node discovery and measurements. In parallel to SSB transmission by the DU, the MT part of the IAB node can be configured to search for and measure on SSBs transmitted by other IAB nodes. 

According to the agreements from the RAN1 Ad-Hoc meeting 1901, the SSB transmission and measurement configurations for inter-node measurements are determined in a centralized manner [1]. That means, the SSB transmission and measurement configurations are provided by the CU. IAB nodes, as well as IAB donor nodes are assigned with the SSB transmission configurations (STC) over the F1 interface [2]. 

In Rel.15, the SSB periodicity can take different values: (5ms, 10ms, 20ms, 40ms, 80ms, 160ms). For IAB nodes, with no mobility, the channel conditions can be expected to be rather stable. Thus, it makes sense to support even larger SSB periodicities. Possible additional values could be 320ms and 800ms. 
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In order to handle the resource limitation issue with the Rel.15 SSB configuration, it is outlined in [3] that additional flexibility in SSB configuration can be introduced to the off-raster SSBs. The main idea is to allocate additional time-domain positions on a channel raster where a DU can be configured to transmit SSBs for IAB inter-node measurement. In principle, the SSB time pattern has flexibility in both the half frame (HF) level and the SS block level (different SSB indices within one HF). The current specification already supports the design of orthogonal sets of SS indices within one half frame. In [4] we have discussed two options regarding SSB transmissions for inter-node measurement:
1. Single-HF SSB transmission, i.e. a given IAB node transmits SSB within a single half frame during the SSB transmission period. 
2. Multi-HFs SSB transmission, i.e. a given IAB node may transmit SSB within multiple half frames during the SSB transmission period. 
To maximize the reuse of the Rel.15 specification, as emphasized in [3], the time location of the 64 SS indices in one HF should follow the Rel.15 specification. 

Figure 1 below illustrates how the same SSB transmission pattern can be realized in different ways with respect to the number of half frames in one SSB transmission period:
· Alt 1: A single STC defining a multi-HF SSB transmission (Multi-HF-STC).
· Alt 2: Multiple STCs, each defining a single-HF SSB transmission (Single-HF-STC).
In the second case the multiple STCs have the same transmission periodicity but different half-frame offsets
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Figure 1
Observation 1	A Multi-HF SSB transmission can be realized as multiple Single-HF SSB transmissions with the same periodicity but different half-frame offsets

   
Compared to Multi-HF STC, the Single-HF STC requires a minimum configuration extension with respect to the Rel.15 specification. By combining multiple Single-HF STCs of different properties, a lot of transmission patterns with varied structures and complexities can be created. For SSB-based node measurement, an IAB node can be configured with zero, one, multiple Single-HF SSB transmission configurations (STC), each one is characterized by
· The frequency domain locations of the SSBs
· The SSB centre frequency
· The sub carrier spacing of the SSBs
· The time domain locations of the SSBs
· The SSB periodicity (in half frames)
· The SSB offset (in half frames)
· The set of SSB indices in the HF
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To resolve the potential collision between SSB transmission and measurement, the STC can be assigned with an attribute to indicate the possibility for muting SSB transmissions:

· M0-STC: the configured SSBs in the STC shall be transmitted, i.e. cannot be muted.
· M1-STC: the configured SSBs in the STC do not need to be transmitted if the IAB node has to measure on an SSB that is time-wise overlapping with the SSB configured for transmission. 

For simplicity, SSBs in M0-STC and M1-STC are also referred to as M0-SSBs and M1-SSBs, respectively. Figure 2 shows a special case that all the IAB nodes transmit node measurement SSBs (either M0-SSBs or M1-SSBs) every 480ms and measure other IAB nodes every 40ms. They are time-wise orthogonal to the IA-SSBs which has a periodicity of 20ms. In the example, each IAB node is configured with one M0-STC to transmit M0-SSBs. All nodes are configured with the same transmission periodicity (480ms), but different half-frame offset. 
[image: ]
Figure 2: An example that all IAB nodes transmit NM-SSBs every 480ms and measure other IAB nodes every 40ms. Each IAB node is configured with one M0-STC.
Figure 3 depicts another special case that all the IAB nodes transmit NM-SSBs every 40ms and measure other IAB nodes every 480ms. In this example, each IAB node is configured with one M1-STC to transmit M1-SSBs which can be muted when the SSB transmission is time-wise overlapping with the SMTC. All the nodes are configured with the same transmission periodicity of 40ms, but different half-frame offset. It should be noted that in Figure 3, some of the M1-SSBs are indicated as SSB reception occasions.
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Figure 3: An example that all IAB nodes transmit NM-SSBs every 40ms and measure other IAB nodes every 480ms. Each IAB node is configured with one M1-STC.
One potential problem with the configuration in Figure 3 is that in the worst case the IAB could mute all SSB transmission. One way to avoid this situation is to configure a mixture of M0-STCs and M1-STCs. As illustrated in Figure 4, each IAB node here is configured with two STCs of the same periodicity (80ms): one M0-STC with SSBs which shall always be transmitted and one M1-STC with SSBs which can be muted.
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Figure 4: An example that all IAB nodes transmit node measurement SSBs every 40ms and measure other IAB nodes every 480ms. Each IAB node is configured with two STCs, one M1-STC in which the M1-SSBs can be muted, and one M0-STC in which the M0-SSBs shall always be transmitted.
Figure 5 shows another example that the IAB nodes are configured with a mixture of M0-STCs and M1-STCs. Despite only with 2 SMTCs, each node can measure at least 9 other nodes. 
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Figure 5: An example that all IAB nodes can be configured with mixed M0-STCs and M1-STCs. Even with only 2 SMTCs, each node is able to measure at least 9 other nodes.
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According to the agreements at the RAN1 Ad-Hoc meeting 1901 and the RAN1 #96 meeting, the SSB measurement configuration is also provided centrally from the CU. For each SSB measurement configuration, the MT of the IAB node will be indicated with the following information: 
· The frequency domain resource
· The location of the half-frame with SSB transmission
· The SSB indices in the half frame (SS burst)
· The SS measurement time configuration (SMTC)
· The measurement periodicity
· The measurement duration
· The time domain offset

In Rel.15, a UE can at most be configured with 2 SS/PBCH SMTC windows per frequency (ARFCN location), and the two windows can only be different in measurement periodicity. The SMTC duration is specified in ms, and can take values: (1ms, 2ms, 3ms, 4ms, 5ms). The UE is not expected to transmit PUCCH/PUSCH/SRS or receive PDCCH/PDSCH/TRS/CSI-RS on SSB symbols to be measured, and on 1 symbol before and 1 symbol after each consecutive SSB symbols within the SMTC duration. Hence, to reduce the measurement instances, the NW should assign the SMTC with the minimum window to include all SSBs a UE should measure. Meanwhile, a large SMTC window can provide more tolerance to synchronization errors between different nodes, especially in FDD systems. However, the network can always configure SSB-toMeasure to specify the exact SS indices s UE should measure.

In the IAB case, it has been agreed [2] that “the SMTC shall follow the characteristics of the Rel.15 frame work and each SMTC can be provided with independent configuration on the periodicity, offset and duration”. To improve the measurement efficiency with a limited number of STMCs, additional flexibility in STMC configuration should be introduced. As discussed in Section 2, the channel condition is expected to be rather stable in the IAB network, hence, it makes sense to allow larger measurement periodicity than 160ms. The time location of the half-frames can be specified explicitly, or implicitly in the SMTC time domain offset, together with the subframe level offset. It is also agreed in [2] that “the maximum number (Max(NRX)) of SMTC windows that can be configured for an IAB node is at least 3. Whether the maximum number needs to be greater than 3 should be for further study”. From the detectability point of view, each node should have timewise orthogonal transmission pattern. However, the increased number of non-overlapping time-domain patterns will require many small SMTC windows, or a few large SMTC windows. Similar to UE access, during one SMTC window, the network is not expected to schedule UL/DL data from/to an IAB node on SSB locations. Therefore, in order to support rather flexible resource allocation large SMTC windows (> 5ms) should be discarded. The lack of mobility in the IAB case speaks also favour of smaller SMTC duration since the synchronization error is expected to be less problematic. Note that a window duration as large as one half-frame does not provide much additional information to reduce SSB measurement instances, and at mmW 1ms would be considered as a large window. Generally, more efficient SSB measurement could be performed by using several small SMTCs of long measurement periodicity. If Max(NRX) is too small, it becomes difficult to exploit the flexibilities in SSB transmission in terms of orthogonal SS bursts and multi-HFs. Even though Max(NRX) is large, the time-domain resource occupied by the SSB measurement can still be greatly limited by increasing the measurement periodicity. To determine Max(NRX), additional information, for example
· The measurement requirement 
· How many other nodes an IAB node is expected to measure  
are also needed. 
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Conclusion
Here there are two lists, one listing observations, and one listing proposals. Listing observations are not always needed, but listing proposals are always useful. To update a list, place the cursor inside the list and press F9. 

In Section 2 and 3, we made the following observations:

Observation 1	A Multi-HF SSB transmission can be realized as multiple Single-HF SSB transmission with the same periodicity but different half-frame offsets


Based on the discussion in Section 2 and Section 3, we propose the following:

Proposal 1	The SSB periodicity for IAB node discovery/measurement could take larger values than the SSB periodicities specified in Rel.15.
Proposal 2	For SSB-based node measurement, an IAB node can be configured by the CU with zero, one, multiple Single-HF SSB transmission configurations (STC).
Proposal 3	The single-HF SSB transmission configuration (Single-HF-STC) to the DU of an IAB node will include
· The frequency domain location of the SSBs
· The SSB center frequency
· The SSB sub carrier spacing
· The time domain location of the SSBs
· The periodicity of the SSBs (in half frames)
· The SSB offset (in half frames)
· The indices of the SSBs in the HF
· The (STC) attribute on possibility to mute SSB transmissions
· M0-STC: The SSB transmissions can not be muted, i.e. the SSBs of the STC shall be transmitted
· M1-STC: The SSB transmissions can be muted, i.e. the SSBs of the do not need to be transmitted if the IAB node has to measure on an SSB that is time-wise overlapping with the SSB configured for transmission
Proposal 4	For IAB node discovery/measurement, the following extensions in SMTC configuration should be supported
· The windows should be independent in terms of offset, duration and periodicity
· The measurement periodicity can be larger than 160ms
· The the half-frame offset can be indicated explicitly or implicitly as a part of the time domain offset in SMTC
· The measurement duration can follow the Rel.15 specification
· Multiple (>4) SMTC windows per frequency.
.
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