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Discussion and Decision 
Introduction
A new SID on “Integrated Access and Backhaul (IAB) for NR” was approved in RAN plenary [1], and  great progress had been achieved in the last meeting. In this this contribution, we continue discussing the remaining issues about IAB deployment scenarios, channel modeling and some of evaluation assumptions. 
Evaluation scenarios and cases 
In RAN1 #92bis it was agreed that both homogeneous IAB scenario and heterogeneous IAB scenario should be considered. That’s because the two scenarios are suitable for coverage extension and capacity enhancement requirements, which are the main objectives to study the IAB issue.

However, according to the heterogeneous IAB scenario parameters, it is hard to evaluate the muti-hop cases because the number of IAB nodes and the macro ISD are limited, e.g. 3 IAB nodes per sector may lead to at most 3 hops, and when the ISD is 500m it may be one hop in most cases.
Observation1: For the heterogeneous network layout, a larger ISD and IAB node density should be supported.

Fortunately, larger ISD such as RMa has be defined in the TR 38.901, this scenario with ISD =1732 m can be reused in the IAB evaluation. Besides, the IAB nodes density should also be enlarged accordingly. The area of 1732m ISD is almost 11 times larger than that of 500m ISD, so 12 and 36 IAB nodes per sector maybe supported. Considering the complexity, 9 and 12 IAB nodes can be supported instead.

Proposal 1: RMa with ISD =1732m is considered for IAB multi-hop scenario, and 9 or 12 IAB nodes per Macro sector is supported. 
After the scenario is determined, further details of IAB nodes deployment should be considered. For homogeneous IAB scenario, we need to determine the specific location and proportion of donor IAB. For heterogeneous IAB scenario, some definition of dense urban two layer layout can be reused. In TR 38.802, the micro and UE deployment is defined as:

Step1 (**): Uniform/macro TRP (10 users per TRP for full buffer traffic) 

Step2  (**): Uniform/macro TRP + Clustered/micro TRP (10 users per TRP associated with macro cell geographical area for full buffer traffic. 2/3 users randomly and uniformly dropped within the clusters, 1/3 users randomly and uniformly dropped throughout the macro geographical area for FTP model 1/2/3, and 60 users for FTP model 2/3) (***) 

- 80% indoor (3km/h), 20% outdoor (30km/h) 

- In the case of full buffer, 10 users per TRP is the baseline. 20 users per TRP is not precluded.

- In case of outdoor (30km/h), penetration loss in-car is 9 dB (LN, σ = 5 dB).

We can reuse some definition of step 2, assuming a Micro is a cluster with a 20m radius, then the Micro node can be randomly and uniformly dropped in the Marco sector. The Parameters can be as follows:

	Parameter
	Values

	
	Macro cell +micro cell

	Layout
	Randomly drop micro centers in the macro sector; and consider the minimum distance between micro centers and between micro center and Macro  center .

	Number of micro nodes per macro cell geographical area
	[1,3] for 500m ISD and [9,12] for 1732 ISD

	Radius for UE dropping in a micro
	20m

	Minimum distance (2D)
	micro center – micro center: 40m

	
	micro – UE: 10m

	
	Macro – micro center: 35m

	
	Macro – UE: 35m

	UE distribution 
	2/3 UEs randomly and uniformly dropped within the micros, 1/3 UEs randomly and uniformly dropped throughout the macro geographical area. 20% UEs are outdoor and 80% UEs are indoor


Table 1 parameters for IAB node deployment

Proposal 2: Parameters in table 1 is used for IAB node deployment for heterogeneous IAB scenario.

Based on the IAB node deployment, the topology can be established by the receiving RSRP, so some RSRP threshold from the macro side to IAB node are needed to specify which IAB nodes are used for the first hop from Macro, which IAB nodes are used for the second hop and so on,we can call this hop level as a IAB node “identity”. Then the IAB topology can be established based on the IAB node “identity”.

Proposal 3: Receiving RSRP threshold can be used to specify the “identity” of IAB nodes.
Channel model for IAB evaluation

The pathloss for links between the IAB node and other IAB nodes/donors has been narrowed down to two options as follows:

Alt. 1: Determine the pathloss for links between the IAB node and candidate serving IAB nodes/donors based on N (value FFS but <= 5) independent large-scale channel realizations (taking into account LOS/NLOS probability and shadow fading).

Select the realization that results in the minimum pathloss between the IAB node and the selected serving IAB node/donor.


Alt. 2: Determine the pathloss for links between the IAB node and candidate serving IAB nodes/donors based on a LoS probability of 1-(1- Prob(R))^N (N>1, N FFS). An additional “bonus” B (value of B is FFS) is added to the pathloss for links between the IAB node and the serving IAB nodes/donors. For the links between non-serving IAB nodes/donors the pathloss is determined based on the non-modified LoS probability and no bonus is applied.
The LoS probability in both Alt.1 and Alt.2 can be confirmed that a “bonus” is reflected with 1-(1- Prob(R))^N, then the difference is:
Alt.1 considered the “bonus in selecting the best of N trial links” should apply to shadow fading instead of pathloss under both LoS and NLoS state. So the bonus can be different per link, which seems more close to the real-world situation.
Alt.2 considered the “bonus” as a simple constant B and the bonus is same for different NLOS backhual links. It may not be aligned with the real channel condition. Actually, Alt.2 is too arbitrary to determine the value of B, and the value maybe artificial,  

Because pathloss calculation is mainly based on the locations of nodes, which is a constant value after dropping the relay nodes, we propose to apply the ‘bonus’ only to shadow fading. So Alt.1 is preferred.
Proposal 4: Alt.1 is preferred. To model the large-scale fading on a donor-relay or relay-relay link, assume R is the LOS distance between donor and relay or two relays,

Step-1: decide LOS/NLOS condition of the link as LOS if [image: image1.png]x<1- [1— Probygs(R)|¥



, or NLOS otherwise, where x is uniform random variable within [0,1]. 
Step-2: calculate pathloss as [image: image2.png]PL,5s(R)



 PL(Los) if the link is LOS, and [image: image3.png]PLy;ps(R)



 PL(Nlos)if the link is NLOS. The large-scale fading is then equal to PL + min(N zero-mean Gaussian random variables with the given deviation under determined LOS/NLOS condition).
FFS the correlations among the N Gaussian random variables. 
In general, the large-scale fading “bonus” should not apply to the interfering links. based on the IAB deployment method in section 2, when the IAB topology is determined, then “bonus”  will not be applied to the interfering links. It should be noted that this do not limit the topology adaption mechanism.
Proposal 5: The large-scale fading “bonus” should not apply to the interfering links once the topology is determined. 

Performance metrics
Regarding to the performance metrics, the detailed definition of  Outage, per-link SNR and resource utilization need to be clarified.
For outage for access UE,  the following alternatives can be considered:

Alt.1 DL access RSRP is lower that a predefined threshold

Alt.2 User perceived throughput is lower than a predefined threshold

For per-link SNR, and per-link SINR, per-link SINR  is more proper to reflect the link quality. All the SINR per transmission per link should be calculated, then, CDF of per-link SINR in specific cases can be counted. For example, CDF of per-link SINR of each hops, CDF of per-link SINR of access link and backhual link separately and so on.

Regarding to  per link SNR and geometry for backhual in heterogeneous network, the different drops may end up with different relay topology, for example, one drop may put all relay nodes at single-hop (all Ndonor*3*3 relay nodes append to Ndonor nodes, 3 relay nodes on a flat tier under each sector of each donor), and another drop puts 3 relay nodes in a tree structure under each sector of each donor. So it is a questionable to have these two topologies contribute to the same SNR CDF curve. It should be clarified how to acquire  enough samples.
Proposal 6: For IAB evaluation metrics, further clarification for outage and  per link SNR and geometry are needed.
Interference management

In the IAB scenario, a IAB node may need to communicate with a upper layer node or lower layer node, the power between upper layer signal and lower layer can vary widely and  there maybe interference between them. Besides, much more than one IAB node is deployed in a area and then interference among access links, backhual links and direct links should also be considered.

According to the SA requirement， the relay node can be a in-band one or out of band one. Interference for in-band relay pattern may suffer a more challenging situation, so here interference about in-band relay TDD pattern is analyzed and Figure 1 shows the scenario.
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Figure 1 In-band relay TDD

As is shown in the figure, link 5 can impact link 1 due to the large power difference emission, so the Half-duplex need to be considered. Besides, link 1 and link 9 may also suffer serious interference from each other. What’s more, when UE A is receiving while UE B is transmitting, link 12 can also impact link 9, similarly link 8 can also impact link 5,  So all the interference can be concluded as three type:

Type1: the interference caused by large power difference emission at a IAB node.

Type2: the interference caused by resource reuse just like neighborhood interference

Type3: cross link interference between UEs or between IAB nodes or between UE and IAB node 

According to type1 interference, it have achieved consensus that Half-duplex is considered. As to type2 interference, it is agreed that an IAB-node can follow the same initial access procedure as an access UE, so the backhual link can be also seen as a “access link” when analyze the interference management. So the CSI-RS based interference measurement defined in NR MIMO enhancement can be reused. In flexible duplex , the related agreements are:

TRP-to-TRP measurement is not specified in NR Rel-15 (i.e., left to NW implementation)

UE-to-UE interference measurement and reporting can be configured to be ON or OFF semi-statically and UE-specifically
Definitions of metrics for CLI:
SRS-RSRP:
RSSI:
The IAB node here can also seen as a “UE” which can perform SRS-RSRP/RSSI measurement, or left to NW implementation.
Observation2: Three types of interference i.e., large power difference emission, neighborhood interference and CLI should to be considered in IAB evaluation and the interference management can be specified as part of NR WI.
Conclusions
This contribution presents the following observations and proposals: 

Observation1: For the heterogeneous network layout, a larger ISD and IAB node density should be supported.

Proposal 1: RMa with ISD =1732m is considered for IAB multi-hop scenario, and 9 or 12 IAB nodes per Macro sector is supported. 
Proposal 2: Parameters in table 1 is used for IAB node deployment for heterogeneous IAB scenario.

Proposal 3: Receiving RSRP threshold can be used to specify the “identity” of IAB nodes.
Proposal 4: Alt.1 is preferred. To model the large-scale fading on a donor-relay or relay-relay link, assume R is the LOS distance between donor and relay or two relays,

Step-1: decide LOS/NLOS condition of the link as LOS if [image: image5.png]x<1- [1— Probygs(R)|¥



, or NLOS otherwise, where x is uniform random variable within [0,1]. 
Step-2: calculate pathloss as [image: image6.png]PL,5s(R)



 PL(Los) if the link is LOS, and [image: image7.png]PLy;ps(R)



 PL(Nlos)if the link is NLOS. The large-scale fading is then equal to PL + min(N zero-mean Gaussian random variables with the given deviation under determined LOS/NLOS condition).
FFS the correlations among the N Gaussian random variables. 
Proposal 5: The large-scale fading “bonus” should not apply to the interfering links once the topology is determined.
Proposal 6: For IAB evaluation metrics, further clarification for outage and  per link SNR and geometry are needed.
Observation2: Three types of interference i.e., large power difference emission, neighborhood interference and CLI should to be considered in IAB evaluation and the interference management can be specified as part of NR WI.
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