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Introduction
[bookmark: _Hlk506118555]In RAN1 #92bis meeting, the following agreements were made regarding to the study points of IAB.
Agreements:
· The Release 15 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. 
· [bookmark: _Hlk513454102]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 this contribution, we discuss about the and deployment requirement for IAB, discuss about potential enhancements for IAB. This contribution is an update of R1-1804110.
.__________________________________________________________________________________
Deployment scenario and requirement 
Integrated access and backhaul is promising in saving wired backhaul deployment cost and load for operators. Due to the wireless feature of the IAB backhaul, it enables operators to place IAB nodes at places where fiber backhaul are hard to connect to, or to support deployments without well-planned site selection, for example, at coverage holes, on the lamp-sites along the road, where ever necessary. From operator’s perspective, the deployment of IAB nodes should be flexible enough so that there is no restriction on the site selection.
Proposal 1: IAB design should provide deployment flexibility for operators, targeting at plug-on-plug-off deployment scenarios. 
One of the most appealing scenario for IAB deployment is to improve mmWave coverage hole, to compensate for the pathloss or blockage of fiber connected Donor-gNBs. Although it might be preferred to located IAB nodes where the backhaul link is more likely to be LOS channel, however, this actually put many limitations to site selection which may not always hold true. Therefore, we propose that the IAB design needs to ensure the performance enhancement when IAB nodes are randomly selected and the backhaul link are not necessarily LOS channels.
Proposal 2: The IAB design needs to ensure the performance enhancement when IAB nodes are randomly selected and the backhaul link are not necessarily LOS channels. 
Synchronization among IAB nodes and Donor-gNB are critical for coordinating IAB backhaul and access link transmission and for eliminating and coordinating cross link interference. Firstly, synchronization among IAB TRPs could make the backhaul and access link transmission switching more efficient. Secondly, this could facilitate the interference coordination and mitigation when cross link interference happens. 
Proposal 3: Synchronization among IAB nodes and donor-gNBs should be supported.
Considering current NR design has provided enough flexibility for access links, the design for backhaul links should consider reuse access link design as much as possible.
Proposal 4: Flexible and forward-compatible design of NR access link should be reused as much as possible for NR backhaul link. 
__________________________________________________________________________________
Enhancements for supporting IAB 
3.1 Discussions on same or difference cell IDs among Donor and IAB nodes
In last RAN1 meeting, it was discussed that the two cases whether donor and relay node share the same cell ID or maintain separate cell ID can be further studied, where the feasibility of sharing same cell ID may depend on architectures considered in RAN 2/3. 
The interpretation of “cell ID” should be clarified: whether it refers to physical cell ID (PCID) obtained from PSS and SSS or refers to CGI. 
For the architectures discussed in IAB TR 38.874, architectures 1a,1b and 2c leverages DU-CU split, where each IAB node holds a DU part and the IAB donor holds a CU; while architectures 2a and 2b, each IAB node holds a complete gNB function. 
According to current agreement from RAN3, NR CGI and NR PCI will be configured for each DU, meaning that each IAB node will have its own CGI. Therefore, for all the architectures, IAB nodes and donor will have different CGIs. Therefore, for the case 1) of the agreement, it only can be PCID. we have the following proposal:
Proposal 5: Clarify that cell ID in the agreement for donor and relay is PCID. 

3.2 Discussions on multiplexing among access and backhaul links
According to the discussions, different multiplexing patterns including TDM, FDM, SDM can all be studied. In LTE, TDM multiplexing of access and backhaul links were specified. In NR, it is envisioned that due to the introduction of beamforming operations in broadcast and common control channels, SDM multiplexing needs to be considered to improve efficiency, especially considering the multi-hop scenario as described in SID.
In the following, some potential impacts of SDM on access and backhaul links are discussed. 
[image: ]
Fig.1 Illustration of IAB network
1. Power imbalance and sharing between backhaul and access links 
For an IAB node, e.g. IAB node 1 as indicated in Fig. 1, if the backhaul (BH) link and access (AC) link are SDMed (Case 1 in Fig. 1), it will transmit and receive both BH and AC in the same time-frequency resource. 
When the IAB node receives, the received signal strength from BH DL link will differ much from the AC UL link, due to the fact that the transmit power of the mother node (usually the DgNB) and that of the serving UE may vary a lot. The performance of serving UE of the access link will be degraded due to the simultaneous reception of DL BH signals and UL AC signals.
When the IAB node transmits, for the backhaul link operation to its mother node (e.g. IAB node 1 to DgNB), the IAB node should act as a UE and follow the power control of its mother node; while for the access link operation to its serving UE, the IAB node should act as a gNB and distribute its total power on the allocated REs for its serving UE. In this case, the DL transmission power of the AC link may vary from time to time due to the dynamic power change of the BH link, which may lead to serving UE’s misunderstanding of DL EPRE. It should be studied whether this needs spec enhancements for the access link, conditioning on backward compatibility of legacy Rel15 UE. 
Observation 1: Power imbalance and power sharing between SDMed backhaul and access links may lead to performance degradation of access link without proper enhancement.
1. Timing at IAB node for BH and AC links
It has been discussed by several companies in previous contributions on the transmission timing of IAB nodes. In Fig. 2, we summarize the several options for IAB timing. 
· Opt.1: Use Backhaul UL Tx timing for Access link.
· Opt.2: Use DgNB DL timing for Access link
· Opt. 3: Use Backhaul DL Rx timing for Access link
If BH and AC links are TDMed, opt.2 seems better because it creates a synchronized network for all UEs. Other options will cause cross link interference for access UEs. However, if BH and AC links are SDMed, if the transmission timing of IAB node still follows opt 2, since the IAB will transmit BH UL and AC DL simultaneously, using Opt 2 will cause UL receive timing difference at the DgNB, which will lead to more DgNB UL receive complexity. From the perspective of reducing DgNB implementation complexity, Opt 1 may be an alternative for IAB node transmission timing. However, this will lead to an unsynchronized network for Access UEs. Therefore, the timing issue caused by SDM of BH and AC should be carefully investigated.
[image: ]
Observation 2: To support SDM of backhaul and access link and reduce the complexity of DgNB, the transmission timing of IAB node may need to use the backhaul UL Tx timing for access link, leading to an unsynchronized network, which will cause interference to legacy UEs.
According to the above discussions, we can observe that for the SDM of BH and AC links, there will be impact for serving UEs which may result in backward incompatibility for Rel-15 UEs. Therefore, how to design the transmission timing for SDM of BH and AC links with backward compatibility should be carefully investigated.
Proposal 6: The impacts of SDM between backhaul and access links on Rel-15 UEs should be studied, and backward compatibility of Rel-15 UEs should be ensured.

[bookmark: _GoBack]Although the SDM of BH and AC links may impact serving UEs, on the other hand, the SDM of BH and BH links (case 2 as shown in Fig.1) is a promising way to support multi-hop transmission. The above-mentioned problems are still valid, but the impact on legacy UEs can be avoided. Moreover, compared with TDM of multi-hops, SDM can provide lower latency and higher efficiency. Therefore, it is proposed to study on the SDM of multi-hop BH and BH links in this SI.
Proposal 7: Support SDM multiplexing of backhaul links under multi-hop transmission.

__________________________________________________________________________________
Conclusions
Observation 1: Power imbalance and power sharing between SDMed backhaul and access links may lead to performance degradation of access link without proper enhancement.
Observation 2: To support SDM of backhaul and access link and reduce the complexity of DgNB, the transmission timing of IAB node may need to use the backhaul UL Tx timing for access link, leading to an unsynchronized network, which will cause interference to legacy UEs.

Proposal 1: IAB design should provide deployment flexibility for operators, targeting at plug-on-plug-off deployment scenarios. 
Proposal 2: The IAB design needs to ensure the performance enhancement when IAB nodes are randomly selected and the backhaul link are not necessarily LOS channels. 
Proposal 3: Synchronization among IAB nodes and donor-gNBs should be supported.
Proposal 4: Flexible and forward-compatible design of NR access link should be reused as much as possible for NR backhaul link. 
Proposal 5: Clarify that cell ID in the agreement for donor and relay is PCID. 
Proposal 6: The impacts of SDM between backhaul and access links on Rel-15 UEs should be studied, and backward compatibility of Rel-15 UEs should be ensured.
Proposal 7: Support SDM multiplexing of backhaul links under multi-hop transmission.
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