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1 Introduction

In RAN1 #92bis, the following agreements on physical layer enhancement for IAB are achieved.
	Agreements:

· The R15 NR physical layer should be the starting point for the physical layer of the IAB backhaul link.
Agreements:

· An IAB-node can follow the same initial access procedure as an access UE, including cell search, SI acquisition, and random access, in order to connect to an IAB node/donor and initially integrate to the network.

· Two cases: (1) donor and relay node share the same cell ID and (2) donor and relay maintain separate cell ID can be further studied. 

· Note: The feasibility of (1) may depend on architectures considered in RAN2/3. 

· The SSB/CSI-RS based RRM measurement defined in NR R15 are considered as a starting point for IAB node discovery and measurement. 

· How to avoid conflicting SSB configurations among IAB nodes, as well as the feasibility of CSI-RS based IAB node discovery, should be studied.

· RAN1 should further study inter-relay discovery procedure subject to half-duplex constraint and multi-hop topologies.

Agreements:

· Study the feasibility of over-the-air (OTA) synchronization and the impact of timing misalignment on IAB performance (e.g. the number of supportable hops). 

· Mechanisms for timing alignment across multi-hop NR-IAB networks should be studied. 

Agreements:

· Measurements on multiple backhaul links for link management and route selection should be studied. 

· Mechanisms for efficient route switching or transmission/reception on multiple backhaul links simultaneously (e.g. multi-TRP operation and intra-frequency dual connectivity) should be studied.

· Note: The feasibility of (1) may depend on architectures considered in RAN2/3. 

· Mechanisms for scheduling coordination, resource allocation, and route selection across IAB nodes/donors and multiple backhaul hops should be studied.

· Mechanisms for efficient TDM/FDM/SDM multiplexing of access/backhaul traffic across multiple hops considering an IAB-node half-duplex constraint should be studied.

· The impact of cross-link interference on access and backhaul links (including across multiple hops) should be studied.

· Interference measurement and management solutions should be studied. 

· 1024QAM for the backhaul link should be studied.

· FFS: whether solutions should be specified as part of an IAB WI or other NR WI




In [1], we present our views on physical layer enhancement for IAB, some technical issues are identified and proposed for further study. In this contribution, we focus on the IAB node discovery and measurement, OTA synchronization and frame structure.
2 Physical layer enhancements for IAB 
2.1 IAB node discovery and measurement
In NR R15, SSB is used for DL synchronization (i.e., node discovery), and RRM measurement is based on SSB or CSI-RS. Due to the half-duplex constraint at the IAB node, SSB patterns for IAB node discovery and UE access are preferred to be orthogonal in the time domain. For CSI-RS based IAB node measurement, there seems no issue to reuse the NR R15 mechanism, since the CSI-RS resource can be configured in an IAB-node specific manner and coordinated among IAB nodes to avoid the simultaneous Tx&Rx collision at each IAB node.
However, the SSB signal is cell specific, its time location is predefined, and the configuration flexibility is rather limited. In addition, from SSB based RRM measurement perspective, it is better to configure the SSB resource of different cells in a time overlapping manner since only 1 or 2 RRM measurement window is allowed for UE for overhead saving. Therefore, an optimized SSB design to facilitate the SSB sharing between access and backhaul with the minimum impact on UE access is necessary. 
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Figure 1:  An example of NR R15 SSB transmission timing of multiple cells
In [2], TDM based sharing is mentioned as the most straightforward way. However, the following issues should be further studied:
1. The maximum SSB time resource is predefined per band. Assuming that the SSB for IAB node discovery occupies the time location left by the SSB for normal UE, it seems rather difficult to arrange a non-overlapping time pattern among multiple IAB nodes in case of multi-hop & multi-connectivity topology, since the remaining SSB resource is limited as illustrated in Figure 2. On the other hand, UE’s access will be degraded if more SSB time slots are assigned for IAB discovery.
2. If the SSB time location for IAB node discovery is configured to be the same as that for UE access at an IAB node, there may also exist some negative impact on IAB node discovery considering the possibly different beam sweeping direction and range for access and backhaul links.

3. Even if the SSB slots for IAB node discovery can be orthogonal to each other among IAB nodes, each IAB node has to be configured with many dedicated measurement windows in order to measure other IAB nodes, which generates substantial overhead.
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Figure 2: TDM based SSB configuration 

Alternatively, a dedicated “discovery” signal TDMed with SSB can be considered as another option for IAB node discovery which is shown on figure 3, and the measurement could be based on CSI-RS.

However, the overhead is still an issue in case of orthogonal time pattern among IAB nodes although its impact on legacy UE is minimized.
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Figure 3: Dedicated signal for IAB node discovery

Proposal 1: The signal for IAB node discovery can consider two options:
Option 1: Reusing SSB signal

Option 2: A new dedicated “discovery” signal, TDMed with SSB

Proposal 2: With SSB for IAB node discovery and measurement, the following issues should be further studied:
1) Measurement overhead caused by orthogonal SSB slot configuration
2) The impacts on legacy UE access and  measurement

2.2 OTA synchronization for IAB nodes
DL transmission timing synchronization for all nodes in the network is clearly preferable as illustrated in Figure 4, considering the severe interference issue caused by asynchronous transmission in TDD system.
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Figure 4: DL transmission timing synchronization

OTA based synchronization based on cellular signals is preferred for low cost IAB node deployment, without making an assumption that GNSS will be installed or available. In [3], an OTA timing adjustment method based on the TA for DL Tx timing relative to the timing of received downlink backhaul signal is proposed to maintain network synchronization. It is attractive to adopt such kind of simple way if the synchronization accuracy requirement can be met.  However, with OTA based timing synchronization, the synchronization error may accumulate over multiple hops, potentially resulting in an unacceptable timing error for the end IAB nodes. Therefore, per-hop synchronization accuracy has to be improved. For example, if the cell phase synchronization accuracy requirement at BS for TDD is <= 3us [4], the per-hop synchronization may be less than 0.75us if the maximum hop number is 4.
Observation 1: With OTA timing synchronization in multi-hop topology, the per-hop synchronization accuracy requirement should be stricter than the regular cell phase synchronization requirement.

It is known that the TA value in TDD system equals to 
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represents the BS maximum Rx->Tx switching time specified in standard, 
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UE will adjust its uplink transmission timing according to the 
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indicated by the network. However, BS actual Rx-> Tx switching time is up to implementation (no more than 
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). Normally BS UL reception window starts with the frame timing reference point and ends just before 
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.  However, considering the diverse propagation delay of child IAB nodes, the UL arrival time of each child IAB node may vary. If the UL signal of child IAB nodes arrives a little bit late, but does not fall into the actual BS Rx->Tx switching gap, its UL reception performance will not be degraded. Therefore, BS does not necessarily update TA in this case, which is shown in Figure 5.  In order words, BS can tolerate UE lagging arrival to some extent without updating TA, if BS actual Rx->Tx switching time is less than the required maximum value 
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 adjustment for DL Tx timing relative to the timing of received downlink backhaul signal is no longer accurate. Considering the error accumulation effect in multi-hop topology, the end IAB node timing synchronization accuracy error will probably exceed 3us requirement due to the IAB node implementation algorithm difference discussed above, even without considering other factors.  Therefore, TA-only DL timing adjustment is not enough to meet the timing accuracy requirement especially in multi-hop topology. More accurate OTA timing schemes should be studied. In addition to TA-based OTA synchronization method, other ways (e.g. higher-layer signaling) are also being discussed in RAN3 [5]. Both approaches should be studied further.
Proposal 3:  In RAN1, TA based approach can be further studied for OTA synchronization, with some enhancements for better timing accuracy. Other higher layer signaling based OTA synchronization can be also studied in RAN2/RAN3.
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Figure 5: Issue of TA based OTA timing

2.3 Frame structure

· Frame timing

Section 2.2 discusses the OTA based timing adjustment method to maintain the DL transmission timing synchronization for all nodes. Synchronized frame timing is preferred, although some  asynchronous timing schemes are also mentioned in [6] in order to facilitate SDM between access and backhaul link at IAB node. With asynchronous timing, more guard time is needed in order to avoid the cross link interference among IAB nodes. In addition, the IAB node’s DL/UL timing will change according to its parent node in case of route switching, which will impact all UEs served by the IAB node.  Therefore, DL transmission time synchronization should be the basic working assumption for TDD system.
Proposal 4:  Frame timing synchronization for all IAB nodes should be assumed for TDD system.
· Available OFDM symbols in one backhaul slot
The available number of OFDM symbols in one backhaul slot mainly depends on the propagation delay of the backhaul link and also the Tx-> Rx or Rx-> Tx switching time at IAB node. In Figure 6, a DL backhaul Rx slot is followed by a DL access Tx slot for IAB node, the maximum number of available OFDM symbols in this backhaul DL slot equals to:
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where 
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 is the total number of OFDM symbols in a backhaul slot,  
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 is the propagation delay of the backhaul link, 
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 is the synchronization error described in section 2.2, and  
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 is the time duration of one OFDM symbol.
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Figure 6: Available OFDM symbols in a backhaul downlink

Table 1 gives examples of typical values of 
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. The propagation delay, the switching period and the synchronization error becomes comparable to the duration of OFDM symbol for mmWave band. Therefore, the maximum available OFDM symbol in a backhaul slot is not constant if further taking the beam switching/route switching into consideration, which is different from LTE relay, where the available OFDM symbol number in a subframe is fixed due to two reasons: (1) no relay mobility (fixed propagation delay). (2) OFDM symbol duration is much longer than the summation of propagation time, switching time and timing error (1 fixed symbol is enough to accommodate all the time factors). Therefore, the flexibility of backhaul slot configuration in NR IAB seems necessary.
Table 1: Typical values of 
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	Typical value
	0 – 1.7us 
(max. 500m distance) 
	0 – 3us 
(FR2)[7]
	-3us ~ 3us
	9us (assuming 120kHz subcarrier spacing)


Proposal 5: Enabling mechanisms to address the variation in the available OFDM symbols in a backhaul slot in case of route switching or numerology change should be studied. 
· Timing alignment to facilitate FDM/SDM between backhaul and access
Symbol-level timing alignment between backhaul and access link is needed to facilitate orthogonality between the two links, for the purpose of interference mitigation. That is why multiple asynchronous frame timing schemes are mentioned in paper [6] in order to achieve symbol alignment between backhaul and access. However, as stated previous, asynchronous frame timing is not a good option since it brings too many issues including high guard period overhead, and the negative impact on legacy UE, etc. However, it is not straightforward to achieve the symbol timing alignment with synchronous frame timing as shown in Figure 5. There exists a time shift 
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 caused by propagation delay for IAB node1’s DL backhaul reception timing relative to the timing of received uplink access aligned with frame timing reference point. Such symbol misalignment will cause interference between backhaul and access if these links are multiplexed in SDM/FDM manner. Therefore, some enabling mechanisms should be studied in the SI to achieve symbol alignment, with the synchronous frame timing assumption.
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Figure 7: Symbol misalignment between backhaul and access with synchronous frame timing

Proposal 6: Symbol alignment to facilitate FDM/SDM between backhaul and access link, with synchronous frame timing should be studied.
3 Conclusions
In this contribution, we further discuss the motivation of IAB physical layer enhancements in terms of IAB node discovery and measurement, OTA timing synchronization and backhaul link frame structure. Some possible technical directions and related are also identified. The following observations and proposals are made:
Proposal 1: The signal for IAB node discovery can consider two options:

Option 1: Reusing SSB signal

Option 2: A new dedicated “discovery” signal, TDMed with SSB
Proposal 2: With SSB for IAB node discovery and measurement, the following issues should be further studied:
· Measurement overhead caused by orthogonal SSB slot configuration

· The impacts on legacy UE access and  measurement
Proposal 3:  In RAN1, TA based approach can be further studied for OTA synchronization, with some enhancements for better timing accuracy. Other higher layer signaling based OTA synchronization can be also studied in RAN2/RAN3.
Proposal 4:  Frame timing synchronization for all IAB nodes should be assumed for TDD system.
Proposal 5: Enabling mechanisms to address the variation in the available OFDM symbols in a backhaul slot in case of route switching or numerology change should be studied. 
Proposal 6: Symbol alignment to facilitate FDM/SDM between backhaul and access link, with synchronous frame timing should be studied.
Observation 1: With OTA timing synchronization in multi-hop topology, the per-hop synchronization accuracy requirement should be stricter than the regular cell phase synchronization requirement.
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