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[bookmark: _Ref465963108]Introduction
In RAN#94e, the work item on MIAB (Integrated Access and Backhaul) for NR was approved in RP-222671. RAN4 is expected to study impacts on RF and RRM requirements as follows:

	· Conduct co-existence study to assess the impact of moving cells. Based on the study outcome, specify RF and RRM requirements and mechanisms for the mIAB-node to enable co-existence, if needed. 
· Specify RRM requirements for the mIAB-node to enable IAB-node mobility, if needed.


In RAN4#106-bis-e, discussion within RAN4 started on Rel-18 mIAB coexistence study and a WF was agreed in [1]. In this paper we provide remaining views on the main components of the co-existence work. 
Discussion 
Co-existence aspects
Multiplexing scheme of access and backhaul links will be strongly dependent on the needs of the network. Several algorithms can be utilized to optimize resource allocation and, consequently, network performance. For this reason, it is hard to assume complete synchronization of backhauling/access periods among two operators that can result in being different even if their frame structure is fully synchronized in terms of duplex directions and timing. However, in order to simplify the simulation framework and simultaneously consider a worst-case scenario, we propose to simulate only the backhauling links in both operators’ networks. This way we end up with the highest possible interference levels perceived at gNB receivers either because jamming would come from other transmitting gNBs that usually have more available power than UEs and because transmission beams of interfering gNBs may directly point to the same elevation of receiving victim gNBs.
Proposal 1: Simulate only the backhauling links in both operators’ networks.
Considering the mobile nature of IAB nodes, it is important to agree how to model this aspect in RAN4 coexistence framework. We propose to adopt static drops for the coexistence simulations with no mobility considerations, as the mobility (i.e., randomness) of the mobile IAB nodes will be captured in how the IAB nodes are deployment in each snapshot.  Although it is naturally more practical to model the temporal evolution of the network and how a mobile IAB in a vehicle would be serving the same UEs across multiple time slots, those temporal aspects will be averaged out if we consider large enough number of drops. 
Proposal 2: RAN4 agree on static drop methodology without any temporal evolution modeling for the coexistence study of mobile IAB. 
Simulation methodology
We propose to re-use as much as possible the simulation steps in TR 38.809, adding the missing parts for the mobile IAB topology creation and scheduling of backhauling transmissions, keeping in mind the half-duplex constraint at IAB nodes. Our proposal for simulation methodology is as follows:
Table 1 Proposed simulation methodology for mobile IAB coexistence
	Adopt the following simulation steps:
1. Drop IAB donors corresponding to the simulated deployment model.
2. Drop mIAB nodes randomly within each cell.
3. Choose the central site as donor site
· All three sectors of that site become donor sectors
4. Create network topology based on RSRP metric and the following assumptions:
· IAB node has only one MT and DU.
· IAB node MT is connected to only one parent node DU.
· IAB node DU can support multiple cells (multiple sectors).
· Associations are made assuming a single element (no beamforming) at both children and parents IAB nodes.
5. Once network topology is formed, activate DL or UL links subject to the following conditions:
· TDM operation: Each parent can only schedule one child at a time.
· MT and DU operations at each IAB node (resource usage) are TDM’d
i. MT transmits/DU receives during UL parts of TDD pattern in TDM fashion 
at the same IAB node
ii. MT receives/DU transmits during DL parts of TDD pattern in TDM fashion
at the same IAB node
· Different cells (different sectors) supported by the same DU must have the same duplex direction.
6. BF weights are adjusted to point to the LOS direction between communicating IAB nodes.
7. Throughput is computed in the IAB system without considering ACI as below:
· , where  is the inter-cell interference.



Proposal 3: Adopt the simulation methodology presented in Table 1. 
Simulation assumptions
In the following we present a list of simulation assumptions to be adopted as baseline for further analysis and derivation of the reference throughput:
1. Access and backhaul traffic are TDM’d at each mIAB node
2. Power control at MT for UL transmissions and no power control at DU for DL transmission
3. One panel at each mIAB node sector
a. Shared between access and backhaul traffic
b. Panel has 16x8 antenna array in FR2
c. Panel has 8x8 antenna array in FR1
4. Re-use the pathloss model between parent/donor IAB node DU and child mIAB node MT agreed in TR 38.874
a. The path loss for links between the IAB-node and candidate serving IAB-nodes/donors is determined based on N =3 independent large-scale channel realizations (taking into account LOS/NLOS probability and shadow fading). The realization that results in the minimum pathloss between the IAB-node and the associated serving IAB-node/donor is selected.
5. Pathloss model for cross-links between IAB nodes follows the one defined in TR 38.901.
Similar to the NR network and Rel-16 IAB study, mobile IAB nodes will use beamforming weights based on an ad-hoc codebook that will likely be different than the one used for the access network. However, as typical RAN4 coexistence work, RAN4 may assume that IAB nodes are able to have infinite resolution beamforming that electrically steers the main beam to the LOS direction of the link. Further, 16x8 antenna array in FR2 and an 8x8 antenna array in FR1 is a reasonable assumption for the antenna array size of mIAB nodes.
Proposal 4: Assume infinite resolution beamforming at mIAB nodes with 16x8 antenna array in FR2 and 8x8 antenna array in FR1.
Propagation model between mIAB nodes and gNB parameters:
RAN4 to discuss to follow TR 38.874 Annex A.1 for IAB-node and candidate serving IAB-nodes/donors pathloss model either for FR1 and FR2. Following this rationale, RAN1 also agreed the following:
The path loss for links between the IAB-node and candidate serving IAB-nodes/donors is determined based on N =3 independent large-scale channel realizations (taking into account LOS/NLOS probability and shadow fading). The realization that results in the minimum pathloss between the IAB-node and the associated serving IAB-node/donor is selected.
Proposal 5: RAN4 to re-use the assumptions agreed in TR 38.874 for the IAB-node and candidate serving IAB-nodes/donors pathloss model pathloss model either for FR1 and FR2. 
Remaining simulation assumptions:
On top of the discussed simulation parameters in [1], the following remaining simulation assumptions are listed in Table 1.
[bookmark: _Ref134990126]Table 2 mIAB coexistence simulation parameters
	Large-scale channel parameters
	FR1:
- Macro-to-UE: UMa (TR 38.803) 
- Macro-to-Micro: UMa (hUE =10m, 4m for mIAB)
- Micro-to-Micro: UMi (hUE =10m, 4m for mIAB)
- UE-to-UE:  UMi (hBS =1.5 m ~ 22.5 m) + penetration loss (TR 38.803)
Note:  UMi model is not applicable when 2D distance is less than 10m, instead FSPL is applicable

FR2:
- Micro-to-Micro: UMi-Street canyon (hUE =10m, , 4m for mIAB)

The path loss for links between the IAB-node and candidate serving IAB-nodes/donors is determined based on N =3 independent large-scale channel realizations (taking into account LOS/NLOS probability and shadow fading). The realization that results in the minimum pathloss between the IAB-node and the associated serving IAB-node/donor is selected.


	mIAB node Tx power 
	FR1 & FR2: 33dBm as a baseline (based on Rel-16 study)
Note: Final value would be derived based on the coexistence study.



	mIAB node antenna configurations
	FR1:
(Mg,Ng,M,N,P)=(1,1,8,8,2),  dH,dV)=(0.5,0.0.5)λ
mIAB node antenna element gain: 5 dBi 

FR2:
16x8 Antenna Array
(Mg,Ng,M,N,P)=(1,1,8,16,2),  dH,dV)=(0.5,0.0.5)λ
mIAB node antenna element gain: 3 dBi
Note 1, 2

	UE antenna configuration 
	See Table A.2.1-4 of TR8.802.

UE height follows TR36.873

	IAB node antenna height 
	4 m

	IAB node receiver noise figure
	9 dB for FR1 and 10dB for FR2

	Note 1:	Mg = number of antenna panels in elevation, Ng – number of antenna panels in azimuth, M = number of antenna elements/subarrays in elevation, N= number of antenna elements/subarrays in azimuth, P = number of polarizations.
Note 2:	TX power is specified per polarization, a single polarization may be simulated under the assumption of polarization match.



Proposal 6: RAN4 to adopt the additional simulation parameters presented in Table 2.
Preliminary simulation results
In this section we provide preliminary analysis on the adjacent channel specification for the IAB MT by considering the NR network as the victim network in case of UL operation and the IAB network as the victim network in case of DL operation. 
	Interference scenario
	aggressor
	victim
	ACLR/ACS assumption

	UL-UL: IAB interferes on gNB
	IAB-MT-> IAB-DU
	UE->gNB
	IAB-MT ACLR: 17 dB

	DL-DL: gNB interferes on IAB
	gNB->UE
	IAB-DU-> IAB-MT
	IAB-MT ACS: 23 dB



The preliminary analysis is considered for FR2 and network layout 1 that is shown in the figure below, where yellow squares, green circles represent the IAB parent/donor node and mIAB child node, respectively.  
[image: ]
[bookmark: _Ref131841235]Figure 1 Pictorial representation of the heterogeneous layout (layout 1) for mIAB.
A summarized list of major simulation assumptions we adopted for the analysis:
· Frequency range: FR2 with 30GHz carrier frequency
· Heterogeneous network Layout 1 
· Power control settings: 
· Maximum conducted power: 33dBm
· UL SNR target: 22dB
· IAB node antenna orientation towards donor node
· Channel bandwidth: 200MHz
· NR BS adjacent channel specifications:
· ACS: 24dB (Rel-15 spec.)
· ACLR: 28dB (Rel-15 spec.)
· IAB MT adjacent channel specification:
· ACS: 23dB (UE Rel-15 spec.)
· ACLR: 17dB (UE Rel-15 spec.)
In Figure 2 the SINR distribution for the case with and without adjacent channel interference from IAB network is shown. It can be observed that for FR2, degradation due to IAB operation in the adjacent channel is not excessive. As this is preliminary results, more investigation is still required to fully understand the impact of mobility of the IAB nodes compared to the Rel-16 coexistence study. 
[image: ]
[bookmark: _Ref134971266]Figure 2 NR UL SINR comparison w/ and w/o IAB adjacent channel interference
Observation 2: Preliminary simulation results show that in the heterogeneous scenario the impact of IAB MT UL adjacent channel interference to NR network performance is minor when considering 17dB ACLR for the IAB MT.
Moving to the other case, Figure 3 considers the NR network operating in DL duplex direction as the aggressor network to mIAB-MT DL reception. In this scenario, IAB links are subject to non-negligible degradation from a co-located NR network operating DL. The impact of the adjacent channel interference to baseline network performance is more evident because the receiving mIAB MT at close proximity to the NR gNBs in the adjacent channel. Accordingly, it is necessary that the mIAB-MT be more resistant to the received adjacent channel interference compared to baseline FR2-1 UE whose ACS is specified as 23dB. Similar to figure 1, more investigation is still required to fully understand the impact of mobility of the IAB nodes compared to the Rel-16 coexistence study.
[image: ]
[bookmark: _Ref134988473]Figure 3 IAB DL SINR comparison w/ and w/o NR adjacent channel interference
Observation 3: Preliminary simulation results show that in the heterogeneous scenario the impact of NR DL adjacent channel interference to on mIAB MT DL reception is non-negligible when considering 23dB ACS for the mIAB MT.
Conclusion
In this paper, we have shared our initial views on mIAB RAN4 co-existence aspects. Our observations and proposals can be summarized as follows: 

Proposal 1: Simulate only the backhauling links in both operators’ networks.
Proposal 2: RAN4 agree on static drop methodology without any temporal evolution modeling for the coexistence study of mobile IAB. 
Proposal 3: Adopt the simulation methodology presented in Table 1. 
Proposal 4: Assume infinite resolution beamforming at mIAB nodes with 16x8 antenna array in FR2 and 8x8 antenna array in FR1.
Proposal 5: RAN4 to re-use the assumptions agreed in TR 38.874 for the IAB-node and candidate serving IAB-nodes/donors pathloss model pathloss model either for FR1 and FR2. 
Proposal 6: RAN4 to adopt the additional simulation parameters presented in Table 2.
Observation 2: Preliminary simulation results show that in the heterogeneous scenario the impact of IAB MT UL adjacent channel interference to NR network performance is minor when considering 17dB ACLR for the IAB MT.
Observation 3: Preliminary simulation results show that in the heterogeneous scenario the impact of NR DL adjacent channel interference to on mIAB MT DL reception is non-negligible when considering 23dB ACS for the mIAB MT.
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