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[bookmark: _Ref189809556][bookmark: _Ref174151459]Introduction
This document discusses the necessary changes made for map-based hybrid channel model to support the IIOT channel model, including the additional features such as absolute time of arrival.
Changes needed for map-based hybrid channel model
References to stochastic parameter tables in Section 7 (stochastic model)
In the current map-based hybrid channel model, the channel between one TX and one RX contains both deterministic clusters and random clusters, where the deterministic cluster is completely generated by ray-tracing algorithm and the random cluster is generated with its delay and power being somehow random on one hand but dependent on the generated deterministic clusters on the other hand. The randomness in the random cluster share the same random number generation parameters used for stochastic channel model, for example, the RMS delay spreads for different scenarios including UMa, UMi, indoor office and etc. When supporting of IIOT is added to stochastic channel model, the parameters for random component generations are either added to the existing parameter tables or put in the new parameter tables. If it is the latter case, the references to the new tables should be added in the map-based hybrid channel model section. Because the principle in generating the random clusters in hybrid model is already established in the current TR38.901 and is scenario agnostic, missing random cluster parameters for IIOT scenario could make new TR38.901 to be considered incomplete.
Proposal 1: To add necessary new table references in TR38.901 section 8 for map-based hybrid model, where the new tables are defined in TR38.901 section 7 for stochastic-based IIOT channel model.  
Modeling of absolute time of arrival
As mentioned earlier, the deterministic cluster in the map-based hybrid model is generated based on ray-tracing. The following 38.901 text for map-based hybrid channel model shows that the absolute time of arrival for deterministic cluster is already derivable as ray-tracing output:

-	for each deterministic path (-th path sorted in ascending order of path delay): 
-	….



-	the normalized path delay  and the first arrival absolute delay (with  to be the real absolute propagation delay of the path);
-  ...



The  deterministic paths are sorted by normalized path delay () in ascending order. That is to say, = 0.

For the n-th random cluster, its normalized cluster delay is generated and denoted as  according to the following procedure mentioned in TR 38.901:
· 

Draw random delays  for n = 0,…, 
· 

 for n = 0,…, 
· 
The n-th random cluster is removed if n=0 or  for any of 1≤lRT≤LRT 
· 
Denote  for 1≤n≤LRC  as the delays of the LRC  random clusters that remain after the cluster removal. 











It can be seen that both (1≤lRT≤LRT) and  (1≤n≤LRC) represent the normalized delays that are relative to the first arrival cluster, which corresponds to = 0 and . In addition, both  and  behave the same way in the later steps for cluster power generation. Given the absolute delay for deterministic cluster is =+, it is natural to assign the absolute delay for n-th random cluster as +. 



Proposal 2: In the map-based hybrid channel model, the absolute time of arrival is derived as  for -th deterministic cluster and +for n-th random cluster, where all parameters mentioned here are already defined in current map-based hybrid model. 
· Include the CR text as in Appendix into the final batch CR for IIOT channel model SI.      
Testing of IIOT support by map-based hybrid model
The comparison between map-based hybrid model and the stochastic model is given in this section based on the 5G ACIA’s IIOT deployment scenario example, which has 3D space volume as 180m(L) x 80m(W) x 25m(H) and is partitioned into four areas as shown in Figure 3‑1. The deployment details for ray-tracing simulation are illustrated in section2 in [2]. Base stations with height selected from {2m, 10m} are located in 5 different 2D positions shown in Figure3.1(b) (marked as Ant1~5), and 1600 UEs of height =1.5m are uniformly distributed across the floor space not occupied by clutters. 
[image: ]
(a) Four-area partition
[image: ]
(b) Bird-eye 2D view of ray-tracing map
[bookmark: _Ref16688408]Figure 3‑1 IIOT scenario map
Comparison on pathloss
[image: ]
[bookmark: _Ref16690109]Figure 3‑2 LOS/NLOS pathloss comparison for BS-embedded case (BS Height = 2m)
[image: ]
[bookmark: _Ref16690111]Figure 3‑3 LOS/NLOS pathloss comparison for BS-elevated case (BS Height = 10m)
The pathloss comparison is given in Figure 3‑2 for BS-embedded and Figure 3‑3 for BS-elevated, where “raw data” refers to the pathloss combined from deterministic clusters and random clusters, which come from the outputs of Step 3 (ray tracing step) and Step 6 (random cluster power generation) in section 8.4 of [1]. It can be seen the map-based hybrid model and stochastic model well match each other.  
Comparison on LOS probability 
The comprehensive comparison on LOS probability is given in our accompanied contribution [2], where the observation is that, the hybrid model and stochastic model can match each other in some of four areas but not all, and the two models show the different characteristics for BS-height dependency and applicability to heterogeneous deployment. However, all the LOS probability differences between the two models come from the natures of their modelling methodology: the map-based hybrid model can pick up the very specific details of the deployment which on the other hand is not the key concern in stochastic model. For example, the hollow clutter gives different LOS probabilities in the two models, and the UE staying in an office room of low ceiling may observe lower LOS probability to a closer but still out of office base station comparing to a more far BS (because the LOS between BS and UT can be blocked by office room ceiling).    
Comparison on fast fading properties
As mentioned earlier, the channel clusters in map-based hybrid model are classified as deterministic clusters and random clusters, where the deterministic clusters follow the ray tracing algorithm while the random clusters have their stochastic properties follow the same modelling configuration as defined in stochastic-based channel model. Therefore, it is due to the scenario-agnostic nature of map-based hybrid model, which is already established in the current channel model TR, that
· The random property exhibited in map-based hybrid model aligns with that of stochastic model. 
· Any deviation between the two models regarding to the fast fading components comes from the additional impacts that are bounded to the specific deployment map and picked up by the deterministic clusters. 
Observation 1: It is feasible to apply the map-based hybrid model to the specific IIOT scenario, where the specific characteristics of the scenario can be reflected more accurately comparing to stochastic model.
Conclusion
This contribution concludes with the following proposals and observations:
Observation 1: It is feasible to apply the map-based hybrid model to the specific IIOT scenario, where the specific characteristics of the scenario can be reflected more accurately comparing to stochastic model.
Proposal 1: To add necessary new table references in TR38.901 section 8 for map-based hybrid model, where the new tables are defined in TR38.901 section 7 for stochastic-based IIOT channel model.  



Proposal 2: In the map-based hybrid channel model, the absolute time of arrival is derived as  for -th deterministic cluster and +for n-th random cluster, where all parameters mentioned here are already defined in current map-based hybrid model. 
· Include the CR text as in Appendix into the final batch CR for IIOT channel model SI.      
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Appendix A. CR text to support absolute time of arrival
[bookmark: _Toc493104240][bookmark: _Toc535263204]8.4	Channel generation
The radio channels are created using the deterministic ray-tracing upon a digitized map and emulating certain stochastic components according to the statistic parameters listed in Tables 7.5-6 to 7.5-10 [Note: Not all parameters listed in these tables are used in hybrid model]. The channel realizations are obtained by a step-wise procedure illustrated in Figure 8.4-1 and described below. In the following steps, downlink is assumed. For uplink, arrival and departure parameters have to be swapped. 
<Unchanged parts are omitted>

Step 5: Generate delays (denoted as {}) for random clusters.
	Delays are drawn randomly according to the exponential delay distribution 

		(8.4-1)




	where , Xn ~ uniform(0,1), and cluster index n = 0,…,  with  to be configurable. A recommended value for  is the number of clusters given in Table 7.5-6. 

	, where rτ is the delay distribution proportionality factor given in Table 7.5-6. 
	Normalise the delays by subtracting the minimum delay and sort the normalised delays to ascending order:

		(8.4-2)

	where  is the additional scaling of delays to compensate for the effect of LOS peak addition to the delay spread, and is depending on the heuristically determined Ricean K-factor [dB] as generated in Step 4:

		(8.4-3)

	For the delay used in cluster power generation in Step 6, the scaling factor  is always 1. 





[bookmark: _GoBack]	The n-th random cluster is removed if n=0 or  for any of 1≤lRT≤LRT, where τth is given by , and is the configurable probability for cluster inter-arrival interval to be less than τth. For example, set =0.2 to obtain τth=0.223.

	Denote  for 1≤n≤LRC  as the delays of the LRC random clusters that remain after the cluster removal.
	As an add-on feature, the absolute time of arrival of a cluster is derived as:
· 

, if the cluster is the -th deterministic path obtained in Step 3 for 1≤lRT≤LRT;
· 

+, if the cluster is the n-th random cluster for 1≤n≤LRC.


Step 6: Generate powers (denoted as for 1≤i≤LRC) for random clusters.


	Cluster powers for the random clusters are calculated assuming a single slope exponential power delay profile. First, the virtual powers (denoted as  for 1≤i≤LRC) of random clusters and virtual powers (denoted as  for 1≤j≤LRT) of deterministic clusters are calculated as following. 
	Denote:

		(8.4-4)

		(8.4-5)
	where Zi,RC and Zj,RT are the per cluster shadowing terms in [dB] and meet distribution of N(0,). Then,

		(8.4-6)

		(8.4-7)
	In the case of LOS condition, A=KR with KR being the Ricean K-factor obtained in Step 4 and converted to linear scale; otherwise, A=0. The real power (including effects of pathloss) per random cluster in k-th frequency bin is given by

		(8.4-8)

	for 1≤i≤LRC and . Similar to path power of deterministic cluster, the path power of i-th random cluster is calculated as

	.	(8.4-9)
<Unchanged parts are omitted>
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