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1. Introduction
A new SID on “Integrated Access and Backhaul (IAB) for NR” was approved in RAN plenary [1]. 
This contribution discusses the IAB deployment scenarios, channel modeling and some of evaluation assumptions. 
2. Evaluation scenarios and cases
The offline/email discussion prior to RAN1 #92bis narrows down to the following evaluation scenarios/cases:
	
	Heterogeneous network layout (Option 1)
	Homogeneous network layout (Option  2)

	TRP deployments
	Macro TRP: Hexagonal (reuse from dense urban scenario) and all with fiber connection.
RN (micro TRP): random or planned dropping 
	Hexagonal grid or rectangular grid

	Simulation cases
	Case 1: Only macro layer
Case 2: Macro layer + Micro layer (RN with IAB backhaul)
For multi-hop IAB, macro-layer ISD is enlarged and relies on IAB nodes for coverage. 
	Case 1: A given number (N) of fiber-connected TRPs
Case 2: The N fiber-connected TRPs (as in case 1) and another number (M) of RNs with IAB backhaul.
Case 3: All N TRPs and M RNs as in cases 1 and 2 are fiber-connected.  


Table 1 Evaluation scenarios and cases
For the heterogeneous network layout (Option 1), it should be noted that, different from single-hop IAB evaluation where macro-layer have no coverage holes and the IAB node is deployed mainly for capacity enhancement, multi-hop IAB evaluation leaves coverage holes in the macro-layer due to increased ISD and the IAB node is deployed for coverage extension. In other words, the gains in deploying IAB nodes in Case 2 over Case 1 are not comparable between single-hop IAB and multi-hop IAB. Any potential need to compare single-hop IAB and multi-hop IAB requires the same macro-layer deployment with the same ISD.
Observation 1:  For the heterogeneous network layout,
· The gains in deploying IAB nodes in Case 2 (macro-layer plus IAB-backhauled micro-RN) over Case 1 (macro-layer only) are not comparable between single-hop IAB and multi-hop IAB.
· Any potential need to compare single-hop IAB and multi-hop IAB may require the same macro-layer deployment with the same ISD.
3. Channel model for IAB evaluation
[bookmark: _GoBack]There are four wireless links in the IAB scenario: donor-relay, relay-relay, relay-UE and donor-UE. Channel modeling for donor-UE link and relay-UE link can follow the existing channel modeling for gNB-UE link, but the channel modeling for donor-relay link and relay-relay link should be clarified for both large-scale fading and small-scale fading.
Large-scale fading for donor-relay and relay-relay
[bookmark: OLE_LINK9]One issue is how to reflect the “bonus” coming from the well-planned placement of relay nodes. In the previous study, such “bonus” is incorporated into LOS probability and pathloss equation, by assuming the resultant relay link is chosen as the best from N independent trial links. One proposal to formulate “the best among N links” is given as following:
For a given donor-relay or relay-relay link, and a given N, assume R is the LOS distance between donor and relay or two relays,
· Step-1: decide LOS condition of the link as LOS if  , or NLOS otherwise, where x is uniform random variable within [0,1]. The logic behind is that the resultant link is LOS if and only if at least one of N trial links is LOS. 
· Step-2: calculate pathloss as  if the link is LOS, and  if the link is NLOS, where 
While the LOS determination in Step-1 is reasonable, the “bonus” term in Step-2 remains questionable.
· In channel model, the large-scale fading over the distance R is composed of two additive terms: deterministic pathloss and random shadow fading. The N independent trial links for a given pair of locations that are R-distance separated have the same pathloss but different shadow fading. This means that the “bonus in selecting the best of N trial links” should eventually apply to shadow fading instead of pathloss. 
· The link in LOS state does not necessarily guarantee the first-arrival path (which travels line-of-sight in modeling) is stronger than the later paths. The change of propagation environment may add random variation on top of distance-determined pathloss. That is to say, the “bonus” resulted from well-planned placement is also applicable to the LOS link. 
[bookmark: OLE_LINK21]Proposal 1: 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 between two relays,
· Step-1: decide LOS/NLOS condition of the link as LOS if x , and NLOS if otherwise, where x is uniform random variable within [0,1]. 
· Step-2: calculate pathloss as  if the link is LOS, and  if the link is NLOS. The large-scale fading (excluding penetration) is then equal to PL + min(N trials of shadow fading with the given deviation under determined LOS/NLOS condition).
Because the N trials of node placement are assumed for the same node at the same location, any two of N trials should be correlated. The computer simulation results in Table 2 show that, if the covariance of any two of N shadowing equals to 0.5, the proposed method could give the average NLOS bonus similar to  for . As N goes larger, the difference on the average NLOS bonus between two methods becomes larger. 
	
	Earlier-proposed “bonus” method
	Newly-proposed “bonus” method (assume shadowing covariance of any two of N trial links is 0.5)

	
	LOS
	NLOS (bonus as )
	LOS (assume shadow deviation on single trial link is 4dB[2])
	NLOS (assume shadow deviation on single trial link is 7.82dB[2])

	N=2
	0
	3
	1.6
	3.1

	N=3
	0
	4.8
	2.4
	4.7

	N=4
	0
	6
	2.9
	5.7

	N=5
	0
	7
	3.3
	6.4

	N=10
	0
	10
	4.3
	8.5


[bookmark: _Ref511546629]Table 2 Means of bonus
	
	LOS (assume shadow deviation on single trial link is 4dB)
	NLOS (assume shadow deviation on single trial link is 7.82dB)

	N=2
	3.7
	7.1

	N=3
	3.5
	6.9

	N=4
	3.4
	6.7

	N=5
	3.5
	6.7

	N=10
	3.3
	6.4


[bookmark: _Ref511321931]Table 3 Effective shadowing deviation on "bonus applied" link
The differences between the newly-proposed large-scale fading modeling and the earlier-mentioned modeling include: 
· The newly-proposed fading “bonus” applies to both LOS link and NLOS link, while the earlier-mentioned bonus modeling applies to NLOS link only.
· The newly-proposed fading “bonus” scales with shadowing deviation and therefore would be different between LOS link and NLOS link, and also different between UMi link and UMa link, while the earlier-mentioned bonus modeling  is not scaled with shadowing deviation. 
· Besides the difference of averaged fading values (for larger N) as shown above, the large scale fading deviation (ref. Table 3) is generally smaller in the newly-proposed method. Moreover, it decreases as N increases. 
In general, the large-scale fading “bonus” should not apply to the interfering links. However, it can become a bit complicated if dynamic relay routing is considered in the evaluation, because with dynamic relay routing one interfering link at one time could become signal link at another time. In such a case, even the interfering link has the large-scale fading “bonus”.  
Proposal 2: To decide whether and how the dynamic relay routing would impact the application of large-scale fading bonus. 
Small-scale fading for donor-relay and relay-relay
For relay-relay link, it has been defined in TR 38.802 that the ASA and ZSA statistics are replaced with the ASD and ZSD statistics, respectively, so no additional modification is needed. For donor-relay link, we can still reuse such model.
4. Other assumptions and performance metrics
The preliminary evaluation parameters for both IAB deployment options are proposed in the following table:
	Parameters
	Heterogeneous network layout (Option 1)
	Homogeneous network layout (Option  2)

	Macro grid distance
	Hexagonal: 500m (at least for single-hop)

	Hexagonal: 500m
Rectangular/square: 500m

	Minimum distance
	MacroTRP-to-UE: 35m
MicroRN-to-UE: 10m
MacroTRP-to-microRN: 35m
	MacroTRP-to-UE: 35m
MacroRN-to-UE 35m

	Carrier frequency
	FR1: 2GHz (FDD), 4GHz (TDD)
FR2: TBD
RN-layer and macro-layer share the same carrier frequency.  

	Simulation 
bandwidth
	2GHz (FDD): 20 MHz DL and 20MHz UL
4GHz (TDD): 40 MHz DL/UL

	BS Tx power
	Macro TRP in FR1: 49 dBm
Micro RN in FR1: 33dBm 
	Macro TRP in FR1: 49 dBm
Macro RN in FR1: 49dBm 

	BS Heights
	MacroTRP: 25m
MicroRN: 10m
	MacroTRP: 25m
MacroRN: 25m

	BS/UE antenna configurations
	See Table A.2.1-4. In TR 38.802 

	UE Tx power
	23dBm

	Traffic model
	Per UE traffic: 
-	FTP traffic model 3 with packet size 0.1, 0.5 and 2.0Mbytes 
-	Ratio of DL/UL traffic = {2:1}, {4:1} and {1: 1} for optional 
For traffic over donor-relay and relay-relay: 
· Allow traffic aggregation across multiple UEs (detailed model FFS)

	UE distribution
	For FTP traffic model 3: 2/3 users randomly and uniformly dropped within the clusters, 1/3 users randomly and uniformly dropped throughout the macro geographical area, and 60 users per macro geographical area.20% UEs are outdoor and 80% UEs are indoor


[bookmark: _Ref511546699]Table 4 Preliminary evaluation parameters
Proposal 3: The evaluation parameters in Table 4 are used for IAB evaluation.
Regarding to the performance metrics, we propose the following to be included:
· Packet-wise latency: defined as the time duration between the packet generation at donor (or UE) and successful reception at UE (or donor). 
· [bookmark: OLE_LINK17]User perceived throughput (UPT): defined as the size of a burst divided by the time between the arrival of the first packet of the burst in one end node and the reception of the last packet of the burst in another end, including the transmission time spent over all intermediate nodes.
· SINR CDF: separately collected for access DL, access UL, backhaul DL and backhaul UL, where access link refers to the link between UE and gNB/donor/relay. 
[bookmark: OLE_LINK23]Proposal 4: Latency, UPT and SINR CDF should be considered for IAB evaluation metrics.
5. Conclusions
This contribution presents the following observations and proposals: 
Observation 1:  For the heterogeneous network layout,
· The gains in deploying IAB nodes in Case 2 (macro-layer plus IAB-backhauled micro-RN) over Case 1 (macro-layer only) are not comparable between single-hop IAB and multi-hop IAB.
· Any potential need to compare single-hop IAB and multi-hop IAB may require the same macro-layer deployment with the same ISD.
Proposal 1: 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 between two relays,
· Step-1: decide LOS/NLOS condition of the link as LOS if x , and NLOS if otherwise, where x is uniform random variable within [0,1]. 
· Step-2: calculate pathloss as  if the link is LOS, and  if the link is NLOS. The large-scale fading (excluding penetration) is then equal to PL + min(N trials of shadow fading with the given deviation under determined LOS/NLOS condition).
· The covariance of any two of N shadowing trials equal to 0.5. 
Proposal 2: To decide whether and how the dynamic relay routing would impact the application of large-scale fading bonus. 
Proposal 3: The evaluation parameters in Table 4 are used for IAB evaluation.
Proposal 4: Latency, UPT and SINR CDF should be considered for IAB evaluation metrics.
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