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Introduction
In RAN1 #94 meeting, following agreements were reached about the enhancements to support NR backhaul links.
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:
· IAB supports the ability of network flexibility to configure backhaul RACH resources with different occasions, periodicities, and/or formats, compared to access RACH resources without impacting Rel.15 UEs
· Further 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.
· Further study the need for new RACH formats/configurations specific for IAB node random access
Agreements:
Clarify the SDM/FDM scenario definition: 
· SDM/FDM Tx: An IAB node simultaneous transmits in the DL (to an access UE and/or child IAB node) and transmits in the UL (to a parent IAB node)
· SDM/FDM Rx: An IAB node simultaneous receives in the DL (a transmission from a parent node) and receives in the UL (from an access UE and/or child IAB node)
For the support of SDM/FDM, further study the following aspects:
· Transmit power coordination between parent and child links 
· Considerations of single panel vs. multi-panel operation (single or multiple baseband)
· Requirements of symbol-level timing alignment within an IAB node (e.g. Case #6/Case #7)
Agreements:
· At least Case #1 is supported for both access and backhaul link transmission timing. 
· Further study includes additionally the following two cases (in addition to other cases #2/3/4/5)
· Case #6 (Case#1 DL transmission timing + Case #2 UL transmission timing):
· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· the UL transmission timing of an IAB node can be aligned with the IAB node’s DL transmission timing
· Case #7 (Case#1 DL transmission timing + Case #3 UL reception timing):
· the DL transmission timing for all IAB nodes is aligned with the parent IAB node or donor DL timing (e.g. TA/2 adjustment as in Case #1)
· the UL reception timing of an IAB node can be aligned with the IAB node’s DL reception timing 
· FFS: TA required for IAB nodes to support these cases
· For Case #6 and Case #7 further consider the potential impact of imperfect timing adjustment, overhead of required DL/UL switching gaps, and scheduling impact on access UEs and child IAB nodes
· Study to include aspects (including feasibility) when the IAB node is connected to one or multiple parent nodes
In this contribution, we discuss about the design of discovery signals, PRACH enhancements for IAB nodes, IAB timing , inter-panel and intra-panel FDM and SDM and power control enhancements. This is an update of R1-1808836.
Enhancements to support NR backhaul links
2.1 Discussion on discovery signals design
In last RAN1 meeting, both SSB and CSI-RS based solutions for IAB discovery signal design were discussed. 
In general, we think that reusing the same SSB for access UEs, i.e., option 1-A, may work for IAB discovery signals without introducing unnecessary spec change and misinterpretation for access UEs.
In Fig. 1, we provide an illustration of how IAB nodes transmit SSB for access UEs and for discovery, where SSBs for access UEs are transmitted in the first 5ms of a 20ms periodicity, and the nominal SSB positions in the rest 15ms can be used for IAB discovery signals. Muting will take place during the 15ms among IAB nodes for hearing each other. The pattern transmitted within the 20ms is repeated in the next 20ms cycle. This pattern ensures the coverage for Access UEs where no SSBs will be muted in one of the 5ms duration.
[image: ]
Fig. 1 Illustration of SSB transmissions for IAB nodes, including SSBs for access UEs and for IAB discovery

As shown in the above figure, when a UE identifies an SSB within the first 5ms window, the SSB is actually intended for access UEs, thus there is no impact on access UEs. When a UE identifies an SSB within the rest 15ms window, since the SSB is repeated in 20ms periodicity, the UE can still view it as an access SSB. 
One problem regarding the SSB transmission pattern lies in the indicating of SSB transmission periodicity, actually transmitted SSB patterns and serving cell measurement. In this case, the network may configure a 5ms periodicity with all 64 SSBs transmitted in SIB for rate matching purpose. UE will not be able to perform measurement on these muted SSBs, which will has large impact on UE measurement performance
If we go to option 1-B, defining orthogonal SSBs with current SSBs used for access UEs, the design of SSBs would result in some unnecessary design and impact on legacy UEs.
If the discovery SSBs can be transmitted on sync rasters, i.e., the same frequency location as SSB for access UEs, we need to define TDMed positions with current SSBs for discovery SSBs. If the same design (PBCH DMRS, PBCH scramble and content) as current SSBs is used, the UE will have a wrong interpretation of the system timing, that is, the UE will obtain a wrong symbol timing if it discovers an SSB which is intended for IAB discovery. In order to avoid mis-interpretation by legacy access UEs, either a new design for PBCH DMRS or new design for PBCH scrambling is needed, so that legacy access UE can not identify SSB used for IAB discovery.
If the discovery SSB is transmitted on a different frequency location than access SSBs, e.g. off-sync raster, due to the half-duplex constraint, new TDMed positions with current access SSBs are still needed. However, legacy PBCH design can be reused, since no initial access UEs will search SSBs on off-syn rasters, therefore, there will be no mis-interpretation by legacy access UEs.
In the following table, we provide a summary of the impact on cell detection/measurement performance of solution 1-A and 1-B.
Table 1 Comparison of Solution 1-A and 1-B
	
	Solution 1-A
	Solution 1-B

	Cell detection/measurement performance impact due to loss of SSB occasions due to muting
	No impact for cell detection as long as the transmission pattern repeats every 20ms;
For serving cell measurement, measurement performance will be degraded and unpredictable on muted SSBs.
	No impact as long as access UEs cannot identify discovery SSBs, i.e., discovery SSB is on off-sync raster and TDMed positions with access SSB.

	Discovery of SSBs by access UEs which are intended only for IAB node discovery
	No impact as long as the transmission pattern repeats every 20ms
	If discovery SSBs are detected, legacy access UEs will have obtain wrong symbol timing.



Proposal 1: Defining discovery SSBs on off-raster frequency positions and TDMed positions with access SSB, i.e., solution 1-B is slightly preferred. 
2.2 PRACH enhancements for IAB nodes 
In last RAN1 meeting, it was agreed to 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.
In our last contribution R1-1808836, we analysed the necessity of PRACH enhancement for IAB nodes, that IAB nodes should use time-domain PRACH resources that are TDMed with access UEs of its mother node after initial access.
In last RAN1 meeting, it was also proposed study the need for new PRACH formats/configurations specific for IAB node random access. Here, we think that if new PRACH configurations are specified, we can certainly find TDMed PRACH resources for IAB nodes and its mother node. However, we need to extend the 256-row PRACH configuration to some what 512 rows or even larger. Considering the flexible TDD DL-UL configurations, it is very hard to ensure that the enumerated configuration indexes will be able to flexibly cover all PRACH configuration for IAB nodes especially considering the backhaul resources used for IAB nodes will also be flexibly configured. Thus, we propose to consider some other more flexible schemes for IAB node PRACH resource configuration rather than enumeration PRACH configuration indexes. For example, an offset regarding the PRACH resource during initial access can be configured for IAB nodes after initial access. IAB nodes can determine valid ROs according to its previous knowledge on the PRACH resources for access UEs its mother node and the configured backhaul resources.
[bookmark: OLE_LINK20][bookmark: OLE_LINK21]Proposal 2: To ensure that after initial access, IAB nodes and access UE of its mother node can be configured or identify TDMed PRACH occasions, consider to apply an offset regarding the PRACH resource during initial access be configured for IAB nodes after initial access.
2.3 Discussion on IAB timing
It was agreed in last meeting that at least Case #1 is supported for both access and backhaul link transmission timing. In this section, we discuss the pros and cons of timing cases 2~7 based on different multiplexing pattern of Tx and Rx, and give our suggestion about IAB timing selection.

[bookmark: _Hlk525739257]It was clarified the SDM/FDM scenario definition in last meeting: 
· SDM/FDM Tx: An IAB node simultaneous transmits in the DL (to an access UE and/or child IAB node) and transmits in the UL (to a parent IAB node)
· SDM/FDM Rx: An IAB node simultaneous receives in the DL (a transmission from a parent node) and receives in the UL (from an access UE and/or child IAB node)
Thus, we sort the timing cases 2~7 into three scenarios below:
1) SDM/FDM Tx and TDM Rx, which is supported by timing case 2 and case 6
· Case 2: DL and UL transmission timing is aligned within an IAB node.
In Figure 2, we present the impact of timing case 2 as the number of hops increases. In this case, the DL transmission timing of an IAB node needs to be aligned with its UL transmission which is scheduled by its mother node. To ensure that UL reception at each node is aligned with the symbol boundary, IAB node 1 transmits according to a TA indicated by its mother node IAB donor, which is 2*TP1 ahead its DL receiving timing, i.e. the round-trip time from Donor to IAB node 1 where TP1 is the propagation delay from Donor to IAB node 1. This results in that the DL transmission timing of IAB node 1 is TP1 ahead of that of IAB donor, as indicated respectively by DL Tx(n+1) and DL Tx (n) in the figure. Similarly, IAB node 2 will transmit according to a TA indicated by its mother node IAB node 1, to ensure that the UL transmission will be symbol aligned at IAB node 1. This results in a different DL transmission timing than that of its mother node, which is TP1+TP2 ahead of the DL transmission timing of the IAB donor. It can be observed that this option cannot achieve synchronization among network nodes. Moreover, as illustrated in Fig. 2, each IAB node MT function transmission timing is shifted with an accumulated value of the propagation delay over all hops, which may lead to cross link interference as the number of hop increases.
In addition, as illustrated in Fig. 3, considering multi-connectivity scenario, the DL transmission timing of IAB node 1 is TP1 ahead of the frame boundary with its mother node as IAB donor 1, while the DL transmission timing of IAB node 1 is TP1’ ahead of the frame boundary with its mother node as IAB donor 2. That is, each IAB node has multiple DL transmission timing in multi-connectivity scenario, which impacts the timing of its child nodes or UEs. Similarly, considering handover scenario, for each IAB node, the DL transmission timing changes after switching its mother node, which also impacts its child nodes or UEs.
On the other hand, it can be observed that the UL symbol alignment can be ensured by scheduling, thus simplifying implementation complexity at IAB node.
[image: ]
Fig. 2 DL and UL transmission timing alignment within an IAB node 


[image: ]
Fig. 3 DL and UL transmission timing alignment within an IAB node in multi-connectivity scenario
Besides, the timing advance provided to the IAB MT function or a UE is always the round-trip propagation delay of current hop, which is always positive and the same as conventional gNB operation. Therefore, in this case, no TA enhancements is needed. 
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Observation 1: Timing case 2 leads to an unsynchronized network where transmission timing of IAB nodes varies from each other, and possibly CLI due to accumulated time shift of UL transmission timing in multi-hop scenario, yet maintains symbol alignment at IAB node. No TA enhancement is needed. While the timing of child nodes or UE is largely impacted in multi-connectivity or handover scenario.
· Case 6 (Case1 DL transmission timing + Case 2 UL transmission timing):
[image: ]
Fig. 4 Case1 DL transmission timing + Case 2 UL transmission timing within an IAB node
For case 6, downlink transmission synchronization at IAB donor and IAB nodes can be achieved, as indicated by DL Tx (n), DL Tx (n+1) and DL Tx (n+2) in Fig.4. Each IAB node MT function transmission timing is always aligned with frame boundary irrespective of the IAB topology.
However, since the UL Tx timing needs to be aligned with the DL Tx timing, symbol alignment at IAB node cannot be ensured. IAB node needs to be aware of the TP of each child node for determining the UL reception the symbol timing individually, leading to more complex implementation at IAB node. In this case, the TA is always half of the round-trip propagation delay between the mother node and child node. No spec enhancement is needed for TA, rather the mother node should compensate for this change by its own implementation.
Observation 2: Timing case 6 ensures network is synchronized, however fails to enable symbol alignment at IAB nodes which largely complicates the UL reception. No spec enhancement is needed for TA, rather the mother node should compensate for this change by its own implementation.
Considering the complex UL reception caused symbol mis-alignment in case 6, it is proposed to consider using case 2 to support SDM/FDM Tx and TDM Rx. Mechanisms to mitigate potential CLI due to accumulated time shift of UL transmission timing caused by case 2 in multi-hop scenario needs to be studied.
Proposal 3: If SDM/FDM Tx and TDM Rx scenario is supported, case 2 is preferred in terms of symbol alignment in UL reception. Mechanisms to mitigate potential CLI due to accumulated time shift of UL transmission timing caused by case 2 in multi-hop scenario needs to be studied. Considering the timing of child nodes or UE is largely impacted in multi-connectivity or handover scenario, it is preferred to put SDM/FDM Tx and TDM Rx scenario with low priority.
2) SDM/FDM Tx and SDM/FDM Rx, which is supported by timing case 4 and case 5
· Case 4: within an IAB node, when transmitting using case 2 while when receiving using case 3, where case 3 refers to DL and UL reception timing is aligned within an IAB node
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Fig. 5 Case2 transmission timing + Case 3 reception timing within an IAB node
[bookmark: _Hlk525906790]For case 4, similar to case 2, it cannot achieve synchronization among network nodes. And the timing of child nodes or UE is largely impacted in multi-connectivity or handover scenario.
Since the DL Rx time at IAB node is determined together by the DL Tx time of its mother node and the propagation delay, to align the UL Rx time with the DL Rx time, the TA command provided to its child node needs to be modified accordingly. As can be observed from Fig.5, the TA at between UL Tx(n+2) and DL Rx(n+2) is 2TP2-2TP1, while that at IAB nodes 3 is 2TP3 – 2TP2+2TP1 . It can be deducted that the TA provided by IAB node to its child IAB MT function or a UE may be negative or positive, where a negative TA value can not be indicated by current spec. This means that legacy UE can not be scheduled to be SDM/FDMed with BH transmission. If this is the only case supported in the network, legacy UE cannot be scheduled in time slots when TA takes negative value and will have a large impact on the network performance.
Observation 3: Timing case 4 leads to an unsynchronized network, and large impact on child nodes or UEs in multi-connectivity or handover scenario, which are the same as case 2. However, TA enhancement is needed in case 4 since negative TA values may be indicated to the child node or UE. Legacy UE cannot be scheduled to be SDM/FDMed with BH transmission when TA value is negative, therefore, case 4 cannot be the only timing in the network.
· Case 5: Case 1 for access link timing and Case 4 for backhaul link timing within an IAB node in different time slots
[image: ]
Fig. 6 Case 1 for access link timing
[bookmark: OLE_LINK59]For case 5, backhaul link timing is the same as case 4. Access link timing is illustrated in Fig.6. We can see that the network is synchronized for access links. However, the access link timing and backhaul link timing are not synchronized within one node. As a result, for UEs during initial access, if it detects an SSB according to the backhaul link timing, it will have a wrong understanding of the network access timing. Enhancements to ensure that no misunderstanding by initial access UEs should be considered if this case is supported.
Observation 4: TA enhancement is also needed in case 5, which are only intended for backhaul links thus, no impact on legacy UEs. Enhancements to ensure that no misunderstanding by initial access UEs of different access link timing and backhaul timing should be considered if this case is supported.
Considering that case 4 cannot be the only timing in the network, it is proposed to use case 5 in case SDM/FDM Tx and SDM/FDM Rx is supported.
Proposal 4: If SDM/FDM Tx and SDM/FDM Rx scenario is supported, case 5 is preferred since it has fewer impacts on performance on access UEs compared with case 4. The following enhancements are needed:
1) Enhancements to indicate negative TA values are needed. 
2) Enhancements ensure that no misunderstanding by initial access UEs of different access link timing and backhaul timing should be considered if this scenario is supported.
Considering the timing of child nodes or UE is largely impacted in multi-connectivity or handover scenario, it is preferred to put SDM/FDM Tx and SDM/FDM Rx scenario with low priority.
3) TDM Tx and SDM/FDM Rx, which is supported by timing case 3 and case 7
· Case 3: DL and UL reception timing is aligned within an IAB node
· Case 7 (Case1 DL transmission timing + Case 3 UL reception timing):
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Fig. 7 Case1 DL transmission timing + Case 3 UL reception timing within an IAB node
For case 3, it only restricts the alignment of DL and UL reception time within an IAB node. When DL and UL transmission time is aligned within an IAB node, case 3 becomes case 4 as described above. When DL and UL transmission time is not aligned within an IAB node, case 3 becomes case 7 as shown in Fig. 7. Therefore, we only analyse case 7 in this part.
For case 7, it can achieve synchronization among network nodes. Symbol alignment during UL reception at the IAB node can be ensured by UL scheduling. The TA value indicated to its child node may be negative, therefore, TA enhancement is also needed here.
Thus, we have the following proposal:
Proposal 5: To support TDM Tx and SDM/FDM Rx scenario, case 7 can be considered since it can achieve synchronization transmission among all DU functions and symbol alignment for reception. Enhancements to indicate negative TA values are needed.
In the following table, we provide a summary of characteristics of the IAB timing cases 2~7. The cases in bold denotes our preferable choice. 
Table 2 Comparison of cases 2~7
	Scenarios
	Cases
	Network Synchronization
	Symbol alignment for IAB reception
	Timing advance enhancements needed
	Impacts on child nodes or UEs in mutlti-connectivity or handover scenario
	CLI

	SDM/FDM Tx, TDM Rx
	Case2
	No
	Yes
	Positive, no enhancement needed.
	Yes
	Yes

	
	Case6
	Yes
	No
	Positive
	No
	No

	SDM/FDM Tx, SDM/FDM Rx
	Case4
	No
	Yes
	May be 
Negative, enhancement needed.
	Yes
	No

	
	Case5
	AC: Yes
BH: No
	AC: Yes
BH: Yes
	AC: positive
BH: May be negative
	AC: No
BH: Yes
	No

	TDM Tx, SDM/FDM Rx
	Case7
(case3)
	Yes
	Yes
	May be negative
	No
	No



2.4 Discussion on inter-panel and intra-panel FDM and SDM
In the last meeting, the definition of SDM/FDM scenario has been clarified. And to support SDM/FDM, several points are listed for further study as below,
Agreements:
Clarify the SDM/FDM scenario definition: 
· …
For the support of SDM/FDM, further study the following aspects:
· Transmit power coordination between parent and child links 
· Considerations of single panel vs. multi-panel operation (single or multiple baseband)
· Requirements of symbol-level timing alignment within an IAB node (e.g. Case #6/Case #7)
In this section, the analysis on applicable scenarios, timing requirements, power limitation and information exchange are provided considering different hardware architectures of single panel and multi-penal.
1) Multi-panel operation ( 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.7, 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. 8, 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. 7 Inter-panel multiplexing under integrated AAU and BBU architectures
[image: ]
Fig. 8 Inter-panel multiplexing under separated AAU and BBU architectures

2) Single panel operation (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. 9 Intra-panel multiplexing
Multi-panel operation has a relative wider application scenario, less power limitation, looser timing requirements, but higher hardware complexity. The single panel operation requires more stringent timing for the access link and the backhaul link, and power limitation should be considered. But the single panel cases are more friendly for deployments. Besides that, the single panel operation may also happens under the multi-panel cases, when the parent node and access UEs are connected with the same panel. Since the form of future IAB hardware is hard to estimated, specifications should support both single panel and multi-panel operation for more flexible IAB deployment. 
Proposal 6: Single Panel operation poses more stringent requirements on timing and transmission powers, yet provides multiplexing flexibility for BH and AC links, therefore, both single panel and multiple panel operation should be supported for more flexible IAB deployment.
2.5 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.10, four cases are raised according to transmission directions and transmission points, gNB/parent IAB or IAB. 
[image: ]
Fig.10 Four cases for transmission power strategy
Case 1a: UE and IAB are transmitting to gNB/parent IAB in uplink
· TDM Tx: 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.
· SDM /FDM Tx: In order not to block the reception of UE’s signals, both UE and IAB should transmit under power control. 
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 downlink behavior transmitting in a fixed power spectrum density.
Case 2a: IAB transmits to UE in downlink and transmits to gNB in uplink
· TDM Tx: 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 Tx: 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 Tx: 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 Rx: IAB receives gNB and UE in different time, therefore, all the behaviors are normal for gNB and UE.
· SDM/FDM Rx: 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.
In summary, in above analysis, for TDM in Case 1a, Case 2a, the transmission power of IAB in BH uplink could be more aggressive, such as using a higher transmission power density, to improve BH link efficiency. For FDM in Case 2a, IAB transmits to UEs in a downlink manner and IAB transmits to gNB in a uplink manner, large transmit power imbalance between adjacent RBs should be prevented. 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 7: 
a) In TDM Tx scenarios (Case 1a and 2a), more aggressive power control schemes in BH uplink could be considered for IAB node to improve BH link transmission efficiency.
b) In FDM Tx scenarios(Case 2a), the transmit power imbalance of IAB should be prevented.
c) In SDM Tx scenarios(Case 2a), the transmit power of SSB and other reference signals should be guaranteed with a stable power for the serving UEs. 
d) In SDM/FDM Rx scenarios(Case 2b), consider gNB transmit power reduction or power control to prevent intolerable received power differences between gNB and UE in uplink.
Conclusions
In this contribution, we further discuss the enhancements to support NR backhaul links, including the design of discovery signals, PRACH enhancements for IAB nodes, IAB timing  , inter-panel and intra-panel FDM and SDM and power control enhancements. The following observations and proposals are made:
Proposal 1: Defining discovery SSBs on off-raster frequency positions and TDMed positions with access SSB, i.e., solution 1-B is slightly preferred. Proposal 2: To ensure that after initial access, IAB nodes and access UE of its mother node can be configured or identify TDMed PRACH occasions, consider to apply an offset regarding the PRACH resource during initial access be configured for IAB nodes after initial access.
Observation 1: Timing case 2 leads to an unsynchronized network where transmission timing of IAB nodes varies from each other, and possibly CLI due to accumulated time shift of UL transmission timing in multi-hop scenario, yet maintains symbol alignment at IAB node. No TA enhancement is needed. While the timing of child nodes or UE is largely impacted in multi-connectivity or handover scenario.
Observation 2: Timing case 6 ensures network is synchronized, however fails to enable symbol alignment at IAB nodes which largely complicates the UL reception. No spec enhancement is needed for TA, rather the mother node should compensate for this change by its own implementation.
Proposal 3: If SDM/FDM Tx and TDM Rx scenario is supported, case 2 is preferred in terms of symbol alignment in UL reception. Mechanisms to mitigate potential CLI due to accumulated time shift of UL transmission timing caused by case 2 in multi-hop scenario needs to be studied. Considering the timing of child nodes or UE is largely impacted in multi-connectivity or handover scenario, it is preferred to put SDM/FDM Tx and TDM Rx scenario with low priority.
Observation 3: Timing case 4 leads to an unsynchronized network, and large impact on child nodes or UEs in multi-connectivity or handover scenario, which are the same as case 2. However, TA enhancement is needed in case 4 since negative TA values may be indicated to the child node or UE. Legacy UE cannot be scheduled to be SDM/FDMed with BH transmission when TA value is negative, therefore, case 4 cannot be the only timing in the network.
Observation 4: TA enhancement is also needed in case 5, which are only intended for backhaul links thus, no impact on legacy UEs. Enhancements to ensure that no misunderstanding by initial access UEs of different access link timing and backhaul timing should be considered if this case is supported.
Proposal 4: If SDM/FDM Tx and SDM/FDM Rx scenario is supported, case 5 is preferred since it has fewer impacts on performance on access UEs compared with case 4. The following enhancements are needed:
1) Enhancements to indicate negative TA values are needed. 
2) Enhancements ensure that no misunderstanding by initial access UEs of different access link timing and backhaul timing should be considered if this scenario is supported.
Considering the timing of child nodes or UE is largely impacted in multi-connectivity or handover scenario, it is preferred to put SDM/FDM Tx and SDM/FDM Rx scenario with low priority.
Proposal 5: To support TDM Tx and SDM/FDM Rx scenario, case 7 can be considered since it can achieve synchronization transmission among all DU functions and symbol alignment for reception. Enhancements to indicate negative TA values are needed.
[bookmark: _GoBack]Proposal 6: Single Panel operation poses more stringent requirements on timing and transmission powers, yet provides multiplexing flexibility for BH and AC links, therefore, both single panel and multiple panel operation should be supported for more flexible IAB deployment.
Proposal 7: 
a) In TDM Tx scenarios (Case 1a and 2a), more aggressive power control schemes in BH uplink could be considered for IAB node to improve BH link transmission efficiency.
b) In FDM Tx scenarios(Case 2a), the transmit power imbalance of IAB should be prevented.
c) In SDM Tx scenarios(Case 2a), the transmit power of SSB and other reference signals should be guaranteed with a stable power for the serving UEs. 
d) In SDM/FDM Rx scenarios(Case 2b), consider gNB transmit power reduction or power control to prevent intolerable received power differences between gNB and UE in uplink.
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Introduction


 


In RAN1 #9


4


 


meeting,


 


following 


agreement


s


 


were


 


reached


 


about 


the enhancements to support NR 


backhaul links.


 


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:


 


o


 


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 I


DLE 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 


 


o


 


CSI


-


RS based solutions (Solution 2)


 


§


 


Feasibility of CSI


-


RS only ba


sed 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


:


 


·


 


IAB supports the ability of network flexibility to configure backhaul RACH resources with 


different occasions, periodicities, and/or formats, 


compared to access RACH resources 


without impacting Rel.15 UEs


 


o


 


F


urther 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.


 


o


 


Further study the need for new RACH formats/configurations spe


cific for IAB node 


random access


 


Agreements


:


 


Clarify the SDM


/FDM


 


scenario definition: 


 


ｷ


 


SDM


/FDM


 


Tx:


 


An IAB node simultaneous transmits in the DL (to an access UE and/or child 


IAB node) and transmits in the UL (to a 


parent


 


IAB node)


 


·


 


SDM


/FDM


 


Rx:


 


An IAB node simultaneous receives in the DL (a transmission from a 


parent


 


node) and receives in the UL (from an


 


access UE and/or child IAB node)


 


For the 


support of SDM


/FDM


, further study the following aspects:


 


·


 


Transmit power coordination between parent an


d child links 


 


·


 


Considerations of single panel vs. multi


-


panel operation (single or multiple baseband)


 


·


 


Requirements of symbol


-


level timing alignment within an IAB node (e.g. Case #6/Case #7)


 


Agreements


:


 


·


 


At least Case #1 is supported for both access and backhaul link transmission timing. 


 


·


 


Further study includes additionally the following two cases (in addition to other cases #2/3/4/5)


 


o


 


Case #6 (Case#1 DL transmission timing + Case #2 UL transmission timing)


:


 




3GPP TSG RAN WG1 Meeting #94bis                     R1 - 18 11035   Chengdu, China, October 8th  –   12th, 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 4   meeting,   following  agreement s   were   reached   about  the enhancements to support NR  backhaul links.   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:   o   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 I DLE 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    o   CSI - RS based solutions (Solution 2)      Feasibility of CSI - RS only ba sed 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 :      IAB supports the ability of network flexibility to configure backhaul RACH resources with  different occasions, periodicities, and/or formats,  compared to access RACH resources  without impacting Rel.15 UEs   o   F urther 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.   o   Further study the need for new RACH formats/configurations spe cific for IAB node  random access   Agreements :   Clarify the SDM /FDM   scenario definition:       SDM /FDM   Tx:   An IAB node simultaneous transmits in the DL (to an access UE and/or child  IAB node) and transmits in the UL (to a  parent   IAB node)      SDM /FDM   Rx:   An IAB node simultaneous receives in the DL (a transmission from a  parent   node) and receives in the UL (from an   access UE and/or child IAB node)   For the  support of SDM /FDM , further study the following aspects:      Transmit power coordination between parent an d child links       Considerations of single panel vs. multi - panel operation (single or multiple baseband)      Requirements of symbol - level timing alignment within an IAB node (e.g. Case #6/Case #7)   Agreements :      At least Case #1 is supported for both access and backhaul link transmission timing.       Further study includes additionally the following two cases (in addition to other cases #2/3/4/5)   o   Case #6 (Case#1 DL transmission timing + Case #2 UL transmission timing) :  

