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Introduction
In RAN1 #93 meeting, following agreements were reached about the enhancements to support NR backhaul links.
Agreements:
· [bookmark: OLE_LINK5][bookmark: OLE_LINK6]To support the half-duplex constraint from the perspective of a given IAB node, IAB supports detection and measurement of candidate backhaul links (after initial access) which utilizes resources that are orthogonal in time from those used by access UEs for cell detection and measurement. 
· The following solutions can be further considered:
· [bookmark: OLE_LINK7][bookmark: OLE_LINK8]TDM of SSBs (e.g. depending on hop order, cell ID, etc.)
· SSB muting across IAB nodes 
· Multiplexing of SSBs for access UEs and IABs within a half-frame or across half-frames 
· Additional IAB node discovery signal TDM with SSB (e.g. CSI-RS)
· Use of off-raster SSBs
· Different transmission periodicity compared to the periodicity used by access UEs
· Further study coordination mechanisms for different solutions
Agreements:
· Study mechanisms for multiplexing of RACH transmissions from UEs and RACH transmissions from IAB nodes.
Agreements:
· IAB supports TDM, FDM, and SDM between Access and BH links at an IAB node, subject to a half-duplex constraint. Further study the following solutions for the different multiplexing options:
· Mechanisms for orthogonal partitioning of time slots or frequency resources between access and backhaul links across one or multiple hops
· Utilization of different DL/UL slot configurations for access and backhaul links
· DL and UL power control enhancements and timing requirements to allow for intra-panel FDM and SDM of backhaul and access links.
· Interference management including cross-link interference
· Note: the level of required enhancement or optimization for the different options is FFS
Agreements:
· Interference experienced at the IAB node in case of FDM/SDM reception between access and backhaul links at a given IAB node should be further studied.
In this contribution, we discuss about the determination of IAB node hop order, necessity of PRACH enhancements for IAB nodes and inter-panel and intra-panel FDM and SDM.
Enhancements to support NR backhaul links
2.1 Discussion on hop order
In last RAN1 meeting, it was agreed to consider IAB node detection and measurement based on TDMed  SSB configuration which may depend on hop order. Also considering the multi-hop scenario, it may be better for an IAB node to perform cell selection or reselection considering RSRP, RSRQ, hop order and link quality of all the backhaul links between mother node and IAB donor, so as to leverage the performance of coverage and capacity . Therefore, the hop order is an important information for IAB. However, how to determine the hop order for an IAB node should be further discussed considering the support of multi-connectivity in IAB.
In previous small cell studies, similar to hop order, the stratum level [1] can be indicated by backhaul signalling for over-the-air synchronization using network listening [2]. Considering only single hop and single connectivity was discussed in small cell, it is easy for each node to determine its own hop order based on the signalled hop order of its mother node. 
However, in IAB SI, two IAB topologies are considered in the study [3]: the multi-hop Spanning tree (ST) and multi-connectivity Directed acyclic graph (DAG), as shown in Fig.1, where in DAG, multi-connectivity or route redundancy may be used for back-up purposes, making it more difficult to define hop order. For better illustration, we consider a simple topology as an example as shown in Fig.2. In this case, for the IAB node in pink, it will receive from one of its mother nodes a hop order of 2. While it will also receive from another mother node a hop order of 1. Then the problem is whether the hop order for the IAB node is 3 or 2


Fig.1 Examples for spanning tree and directed acyclic graph. The array indicates the directionality of the graph edge.
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Fig.2 Illustration of multi-connectivity
An IAB node may determine the hop order of an IAB node according to its mother node of the PCell which the IAB node attaches to, or according to its own implementation based on the broadcast signal of its parent nodes. And it should be further discussed on how to update hop order information when the backhaul link changes and further study whether there are other impacts, on discovery signal detection, cell selection or reselection process and so on.
[bookmark: _GoBack]Therefore, we have the following proposal regarding the determination of hop order for IAB nodes.
Proposal 1: The determination and update of hop order for IAB nodes in multi-connectivity scenario should be discussed.
2.2 Necessity of PRACH enhancements for IAB nodes 
In this section, we discuss about whether IAB nodes can always use the same PRACH resources with access UEs of its mother node and the necessity of PRACH enhancements for IAB nodes.
For IAB nodes during initial access, they can follow the configuration in SIB1 as normal access UEs. This may require that the DgNB carefully determines the configured PRACH format considering the link budget and coverage of both IAB and access UEs. 
After initial access, if the IAB node still uses the same PRACH resource as the access UE of its mother node, e.g. UE 1 as illustrated in Fig.3, due to the half-duplex constraint, the IAB node cannot simultaneously receive from its serving UE, i.e. UE 2 as in Fig.3. This means that IAB node needs to configure a PRACH resource for UE 2 that is TDMed with its own PRACH resource, as shown in Fig.3. However, in current PRACH design (as illustrated in Fig.4), it is not always feasible to find such configurations at the IAB node, especially when the backhaul link of IAB and access link of IAB share the same UL/DL transmission periodicity. 
Some modifications can be made to the current PRACH configurations, to ensure that the TDMed configuration can be configured, however, this may lead to some backward compatibility issues for Rel-15 UEs that are connecting to an IAB node.
Therefore, it is better to make such changes/modifications at the IAB node side, for example, after initial access, the IAB nodes will use TDMed PRACH resources with those in the initial access phase. In this way, the IAB node can configure the same PRACH resources as UE 1 for its own access UE without any backward compatibility issues.
[image: ]
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Fig.3 Illustration of PRACH configuration at IAB
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Fig. 4 Illustration of time-domain PRACH slots for FR2 in Rel-15
Therefore, we have the following proposals regarding PRACH enhancements for IAB nodes.
Proposal 2: IAB nodes should use time-domain PRACH resources that are TDMed with access UEs of its mother node after initial access.
Proposal 3: Study mechanisms under current PRACH design framework to ensure that after initial access, IAB nodes and access UE of its mother node can be configured or identify TDMed PRACH occasions. 
2.3 Discussion on inter-panel and intra-panel FDM and SDM
During the discussion in the last meeting, inter-panel and intra-panel transmission multiplexing are mentioned as 2 typical cases of backhaul (BH) and access (AC) link multiplexing. Considering different hardware architecture of these two schemes, the design requirements are different. Analysis on inter- and intra- panel multiplexing are as below,
1) Inter-panel multiplexing: using different panel for backhaul link and access link transmission
· Applicable scenarios: When BH and AC directions are not within the coverage of one panel, using different panels for BH and AC provide more flexibility. However, not being able to serve access UEs which are within the coverage of the BH panel may limit the performance of IAB.
· Power limitation: Since BH and AC use independent RF hardwares, the transmission power for BH and AC are not limited by each other. Thus, there is no power sharing or power imbalance issue during transmission or reception. 
· Timing requirements: When the two panels are co-basedband, the timing of BH and AC links should be aligned, while when the baseband of two panels are independent, timing difference between BH and AC links should be within a certain range to prevent cross link interference.
· Information exchange between BH and AC panel: Information exchange is required when BH and AC use different panels. Depending on the product architecture, the complexity is different for information exchange under inter panel multiplexing. In Fig.5, an illustration of integrated AAU and BBU architecture is provided, under such architecture, BH and AC panels should exchange information through an interface. In Fig. 6, an illustration of separated AAU and BBU architecture is provided, where interface can be omitted if the two panels share the same baseband. 
[image: ]
Fig. 5 Inter-panel multiplexing under integrated AAU and BBU architectures
[image: ]
Fig. 6 Inter-panel multiplexing under separated AAU and BBU architectures

2) Intra-panel multiplexing: using the same panel for both BH and AC link transmission
· Applicable scenarios: The same panel is used for both AC and BH links. This architecture enables easy deployment of BH links without additional hardware interface or AAUs. However, the location of parent nodes are limited, which could only be located within the coverage of this panel, usually a scale of 120 degree in horizontal and around 90 degree in vertical. Intra-panel architecture may be more efficient in dense network where BH and AC may not be from two diverse directions.
· Power limitation: Since BH and AC links share the same RF, the total transmission power is limited. Power is shared between AC and BH links. Power imbalance may happen when AC and BH links are FDMed and SDMed. For FDM multiplexing, guard bands should be reserved to prevent interferences, while for SDMed multiplexing, more enhancements are needed, which will be discussed in the next session.
· Timing requirements: BH and AC link should share the same timing for transmission or reception to avoid inter symbol interference from different links.
· Information exchange: No information exchange between panels are required.

[image: ]
Fig. 7 Intra-panel multiplexing
Observation 1：Under the Inter-panel multiplexing architecture, the limitation of transmit power and the requirement of timing alignments could be looser than that of intra-panel multiplexing, while additional hardware connections/interfaces may be required. Intra-panel architecture enables easy deployment and may be more efficient in dense network where BH and AC may not be from two diverse directions, while it requires more spec enhancement for power control and timing alignment.
Proposal 4: Both inter- and intra-panel FDM and SDM should be considered for the specification. Timing alignment is required for both intra-panel and co-baseband inter-panel case; power control enhancement is required for intra-panel case.
2.4 Discussion on power control enhancements
In this section, we provide detailed analysis on power control enhancement required for intra-panel TDM, FDM and SDM schemes. In the following Fig.8, four cases are raised according to transmission directions and transmission points, gNB or IAB. 
[image: ]
Fig.8 Four cases for transmission power strategy
Case 1a: UE and IAB are transmitting to gNB/parent IAB in uplink
· TDM: Since the uplink transmission of UE will be separated from the IAB transmission in time, the transmission power of IAB node will not interfere with UE. To improve BH spectrum efficiency, the power control for IAB node could be more aggressive than normal access UE, or even consider full power transmission.
· FDM: In order not to block the reception of UE’s signals, both UE and IAB should transmit under power control. 
· SDM: Same as in FDM case.

Case 1b: gNB/parent IAB transmits to IAB and UE in downlink
The behavior of gNB and parent IAB transmission should follow normal gNB’s behavior.

Case 2a: IAB transmits to UE in downlink and transmits to gNB in uplink
· TDM: Since the transmission to gNB and UE will happen in different time, IAB transmits to UE as a base-station; while IAB transmits to gNB according to the power control, which could be more aggressive than normal UE as in case 1a.
· FDM: IAB needs to ensure that the transmit power difference for adjacent PRB should be no more than 6dB, while ensuring the transmission power of SSB, CSI-RS for beam management to its UE is not affected by the power control of gNB.
· SDM: Since the transmission to gNB is under gNB power control, power sharing is required between BH and AC links. This impacts the transmission power of SSB, CSI-RS for beam management for IAB UEs.

Case 2b: gNB transmits to IAB in downlink and UE transmits to IAB in uplink.
· TDM: IAB receives gNB and UE in different time, therefore, all the behaviors are normal for gNB and UE.
· FDM: If IAB have to receive the signal of UE and gNB at the same time, gNB may need to reduce the transmit power in order not to block the signal of UE.
· SDM: Since IAB needs to receive from UE and gNB on exact the same resource, gNB should consider to reduce the transmit power in case the power imbalance of received signal strength from gNB and UE various too much.

In summary, in above analysis, for TDM in Case 1a, Case 2a, the transmission power of IAB could be more aggressive than normal access UEs when needed, so as to improve BH link efficiency. For SDM in Case 2a, power sharing is required between BH and AC links at IAB nodes, which impacts the transmission of SSB or other RSs which requires stable power allocation for IAB UEs. For SDM in Case 2b, gNB should consider to reduce the transmit power in case the power imbalance of received signal strength from gNB and UE varies too much.

Proposal 5: 
a) To improve BH link transmission efficiency in TDM scenario, more aggressive power control schemes can be considered for IAB node. 
b) Impact on transmission power of SSB and other RSs which requires stable power allocation for IAB UEs due to power sharing between SDMed BH and AC links should be investigated and schemes to avoid such impacts should be studied.
c) Consider schemes for gNB transmit power reduction in case the power imbalance of received signal strength from gNB and UE varies too much in FDM and SDM case.
Conclusions
In this contribution, we further discuss the enhancements to support NR backhaul links, including the determination of hop order, necessity of PRACH enhancements for IAB nodes and inter-panel and intra-panel FDM and SDM. The following observations and proposals are made:
Observation 1：Under the Inter-panel multiplexing architecture, the limitation of transmit power and the requirement of timing alignments could be looser than that of intra-panel multiplexing, while additional hardware connections/interfaces may be required, which is beyond the scope of this SID. Intra-panel architecture enables easy deployment and may be more efficient in dense network where BH and AC may not be from two diverse directions, while it requires more spec enhancement for power control and timing alignment.

Proposal 1: The determination and update of hop order for IAB nodes in multi-connectivity scenario should be discussed.
Proposal 2: IAB nodes should use time-domain PRACH resources that are TDMed with access UEs of its mother node after initial access.
Proposal 3: Study mechanisms under current PRACH design framework to ensure that after initial access, IAB nodes and access UE of its mother node can be configured or identify TDMed PRACH occasions. 
Proposal 4: Both inter- and intra-panel FDM and SDM should be considered for the specification. Timing alignment is required for both intra-panel and co-baseband inter-panel case; power control enhancement is required for intra-panel case.
Proposal 5: 
a) To improve BH link transmission efficiency in TDM scenario, more aggressive power control schemes can be considered for IAB node. 
b) Impact on transmission power of SSB and other RSs which requires stable power allocation for IAB UEs due to power sharing between SDMed BH and AC links should be investigated and schemes to avoid such impacts should be studied.
c) Consider schemes for gNB transmit power reduction in case the power imbalance of received signal strength from gNB and UE varies too much in FDM and SDM case.
Reference
[1] TS 36.922, TDD Home eNode B (HeNB) Radio Frequency (RF) requirements analysis
[2] TS 36.413, S1 Application Protocol (S1AP).
[3] TR 38.874, Study on Integrated Access and Backhaul, V0.4.0

image3.png
RO configuration for Access UE of DgNB RO configuration for IAB node RO configuration for IAB node

| DL-UL periodicity J | DL-UL periodicity N | DL-UL periodicity |
., N
RO RO,/ (“K)) RO RO RO RO
\ RO configuration for Access UE of IAB node RO configuration for Access UE of IAB node
Access UE \  [.DL-UL periodicity | | DL-UL periodicity N
UE1 \
\ RO RO RO RO
\\ =>May not be configurable
& for normal access UE
Access UE
of IAB1

UE 2




image4.png
SFN mod2 =0





image5.png
Integrated AAU and BBU

gNB/parent node
HF AAU HF AAU
+BBU +BBU .
# # BH link

N, ’
~~———“
* Interfaces for information exchange

UE  Access link




image6.png
Separated AAU and BBU

HF
AAU .
# BH link

¢

UE  Access link

gNB/parent node

Option 1:Co-base band

’
S~<—=="" Option 2: Inferfaces for

information exchange




image7.png
Integrated AAU and BBU
gNB/parent node

HF AAU
+BBU

Access Iinl~

UE

BH link




image8.png
oNB (=
IAB

/7

UE

Case 1la (BH UL +AC UL)

/M\A A8

UE

Case 1b (BH DL +AC DL)

UE

I

IAB

Case 2a (BH UL + AC DL)

QNEL\ UE

IAB

I’

Case 2b (BH DL+ AC UL)





image1.emf
Spanning Tree Directed Acyclic Graph


Microsoft_Visio_2003-2010___.vsd
Directed Acyclic Graph


Spanning Tree



image2.png
1AB-donor

Parent

Parent

I1AB-node





3GPP TSG 


RAN WG1


 


Meeting #9


4


 


R1


-


1808836


 


Gothenburg, Sweden, August 20th 


�


 


24th, 2018


 


 


 


Agenda item:


 


7.


2.3.1


 


Source: 


 


CMCC


 


Title: 


 


Discussions on enhancements to support NR Backhaul 


links


 


Document for:


 


Discussion


 


and Decision


 


1


 


Introduction


 


In RAN1 #9


3


 


meeting,


 


following 


agreement


s


 


were


 


reached


 


about 


the enhancements to support NR 


backhaul links.


 


Agreements


:


 


·


 


To support the half


-


duplex constraint from the perspective of a given IAB node, IAB supports 


detection and measurement of candidate backhaul links (after initial access) which utilizes resources 


that are orthogonal in time from those used by access UEs for


 


cell detection and measurement. 


 


·


 


The following solutions can be further considered:


 


o


 


TDM of SSBs (e.g. depending on hop order, cell ID, etc.)


 


o


 


SSB muting across IAB nodes 


 


o


 


Multiplexing of SSBs for access UEs and IABs within a half


-


frame or across half


-


frame


s 


 


o


 


Additional IAB node discovery signal TDM with SSB (e.g. CSI


-


RS)


 


o


 


Use of off


-


raster SSBs


 


o


 


Different transmission periodicity compared to the periodicity used by access UEs


 


·


 


Further study coordination mechanisms for different solutions


 


Agreements


:


 


·


 


Study mech


anisms for multiplexing of RACH transmissions from UEs and RACH 


transmissions from IAB nodes.


 


Agreem


ents


:


 


·


 


IAB supports TDM, FDM, and SDM between Access and BH links at an IAB node, subject to 


a half


-


duplex constraint. Further study the following solutions 


for the different multiplexing 


options:


 


o


 


Mechanisms for orthogonal partitioning of time slots or frequency resources between 


access and backhaul links across one or multiple hops


 


o


 


Utilization of different DL/UL slot configurations for access and backhaul lin


ks


 


o


 


DL and UL power control enhancements and timing requirements to allow for intra


-


panel FDM and SDM of backhaul and access links.


 


o


 


Interference management including cross


-


link interference


 


o


 


Note: the level of required enhancement or optimization for the 


different options is 


FFS


 


Agreements


:


 


l


 


Interference experienced at the IAB node in case of FDM/SDM reception between access and 


backhaul links at a given IAB node should be further studied.


 


In this contribution, we 


discuss about


 


the 


determination of 


IAB node


 


hop order


, 


n


ecessity of PRACH 


enhancements for IAB nodes


 


and 


inter


-


panel and intra


-


panel 


FDM and SDM


.


 




3GPP TSG  RAN WG1   Meeting #9 4   R1 - 1808836   Gothenburg, Sweden, August 20th  –   24th, 2018       Agenda item:   7. 2.3.1   Source:    CMCC   Title:    Discussions on enhancements to support NR Backhaul  links   Document for:   Discussion   and Decision   1   Introduction   In RAN1 #9 3   meeting,   following  agreement s   were   reached   about  the enhancements to support NR  backhaul links.   Agreements :      To support the half - duplex constraint from the perspective of a given IAB node, IAB supports  detection and measurement of candidate backhaul links (after initial access) which utilizes resources  that are orthogonal in time from those used by access UEs for   cell detection and measurement.       The following solutions can be further considered:   o   TDM of SSBs (e.g. depending on hop order, cell ID, etc.)   o   SSB muting across IAB nodes    o   Multiplexing of SSBs for access UEs and IABs within a half - frame or across half - frame s    o   Additional IAB node discovery signal TDM with SSB (e.g. CSI - RS)   o   Use of off - raster SSBs   o   Different transmission periodicity compared to the periodicity used by access UEs      Further study coordination mechanisms for different solutions   Agreements :      Study mech anisms for multiplexing of RACH transmissions from UEs and RACH  transmissions from IAB nodes.   Agreem ents :      IAB supports TDM, FDM, and SDM between Access and BH links at an IAB node, subject to  a half - duplex constraint. Further study the following solutions  for the different multiplexing  options:   o   Mechanisms for orthogonal partitioning of time slots or frequency resources between  access and backhaul links across one or multiple hops   o   Utilization of different DL/UL slot configurations for access and backhaul lin ks   o   DL and UL power control enhancements and timing requirements to allow for intra - panel FDM and SDM of backhaul and access links.   o   Interference management including cross - link interference   o   Note: the level of required enhancement or optimization for the  different options is  FFS   Agreements :      Interference experienced at the IAB node in case of FDM/SDM reception between access and  backhaul links at a given IAB node should be further studied.   In this contribution, we  discuss about   the  determination of  IAB node   hop order ,  n ecessity of PRACH  enhancements for IAB nodes   and  inter - panel and intra - panel  FDM and SDM .  

