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1 Introduction
This is the summary of the email discussion done in the channel model reflector in the email address 3GPP_TSG_RAN_WG1_CHANNELMODEL@LIST.ETSI.ORG after the Ljubljana CM ad–hoc meeting in March, 14-16, 2016. The email discussion was based on [1].  
2 Statistics

The discussion was initiated by Keysight Tue 22.3. 2016 with the attachment to describe step by step the hybrid map–based model. Last responses were Thu 31.3. 2016 (CEST+2 time zone).

Outside of Keysight there were seven (9) responses from four (4) companies where two were after the discussion deadline. Keysight sent altogether five (5) messages. Thus the discussion was not really active and the messages can be copied into the next section without the edition work. 
3 Messages Sent to the Reflector 

Five companies sent their comments; Keysight, Ericsson, Sharp, Nokia and ZTE. 
Discussion structure was two times repeated as follows: 

· Keysight sent an input in the form of text proposal for the steps for the map–based hybrid model

· Companies sent their comments

In the following the texts are copied as such from the reflector. The order of the messages is the arrival order. The attachments in the Keysight messages are not included because the interested readers find very similar text from [2]. 

3.1 Round 1

Keysight: We are happy to initiate the email discussion on hybrid map-based model based on the R1-161729 and there the agreement 

Agreement to have email discussion until March 30 on hybrid model before the next meeting. Scope is to discuss whether/how to specify map based hybrid model in a TR as an alternative. Coordinator is Keysight.
At the same time we are sorry that it took days to start the discussion. We wanted to have as the first message already an input to the discussion. Attached you see a higher level description of the hybrid map-based model. Let’s have a good discussion to complete this description as much as possible – remembering the deadline 30th March! 

Ericsson: Thanks for your input and for initiating the discussion. I am curious about the details of step 3. We will need to compare simulation results between companies in 3GPP, and this would be very difficult or impossible if everyone uses their own ray-tracing algorithm even though the map is the same. Is your intention that step 3 should include a detailed documentation of the ray-tracing procedure? 

Also, in the hybrid model some clusters are deterministic and some are stochastic. This brings the question of how the stochastic part should be parameterized. If we use the same parameters as for the stochastic model then the hybrid model will end up with larger delay and angle spread than what we see in measurements. So I guess one would need to “subtract” the equivalent of the contribution from the deterministic part from the measurements to be able to use these for parameterizing the stochastic clusters. The spreads in the deterministic part will depend quite heavily on how the ray-tracing is implemented, which points to the importance of documentation as mentioned above but also of careful characterization of the deterministic part. 

Sharp: Aki thank you for initiating this e-mail discussion.  In general we have similar concerns to Ericsson.  I guess another way of getting around variation in ray tracing models might be to have a single ray tracing model code shared by all companies.

In addition,  as E noted, there’s a variation in how the deterministic part is implemented.  although companies have suggested that tradeoffs can be made in computation time versus model accuracy, I don’t recall if we’ve seen how the accuracy varies as a function of simplified computation.

Keysight: The ray-tracing methodology has been established under the mature electromagnetic-wave theory and can emulate the real propagation phenomenon accurately even in a simplified/optimized implementation. If the map is the same and the order number of emulating reflection, penetration and diffraction is predefined in the relevant TP, it is achievable to obtain the basically same simulation results and thus the calibration among 3GPP companies is possible. This is, basically, similar case as with the stochastic models. Henrik, we’d like to ask also your opinion what would be sufficient level of description on the procedure for geometric tracing (path discovery) calculation? The complex path gain coefficient (2x2 polarization matrix) calculation is already defined precisely enough, e.g. in METIS deliverable D1.4. 

The ray-tracing like measurement has been widely used for generating the samples for parameter fitting in the procedures of stochastic modelling, such as the 3GPP 3D channel model. Each process of ray-tracing integrated in hybrid channel model is equivalent to real measurement, and the deterministic clusters generated by ray-tracing is a part of the overall measured channel response. That means that both the deterministic part and stochastic part of the proposed hybrid channel model share the same statistical distributions as the high-frequency stochastic model, which is a basis assumption of hybrid channel model.

For the hybrid channel model, the deterministic part via ray tracing is to generate these deterministic clusters; subsequently, the stochastic part under the real LOS/NLOS case is to generate random clusters. In the step 8, namely” Merge deterministic clusters and random clusters.” , we offer reasonable options to combine these two kinds of clusters, like option 2 ” Define the minimum delay difference between any deterministic cluster and random cluster as [image: image1.png]


. Then remove the random cluster whose delay difference from any deterministic cluster delay is less than [image: image2.png]


.”, which means that the same delay samples will not be generated twice. Therefore, while considering the assumption that both the deterministic part and stochastic part of the proposed hybrid channel model share the same statistical distributions, the outputted samples from hybrid channel model still fulfil the distributions from the numerous measurements.

It should be noticed that the above analysis is made from the perspective of large-scale statistic analysis, but for one specific map, i.e., a specific case, the channel property from hybrid model does NOT need to fulfill those distributions obtained from all measured cases. The hybrid channel model can thus more accurately describe the channel characteristic over the stochastic model in such a case.
Ericsson: The description should be detailed enough to allow any 3GPP company to implement the model. I think it is ok to leave out some of the finer details, but there are plenty of important things that are not really covered in a textbook or similar. Take multiple diffraction as an example, where e.g. UTD is known to break down and produce very unphysical results. Should we still use UTD or maybe slope diffraction or some other solution that addresses this problem? What about diffuse scattering? What about reflections, should these be modeled in the high frequency limit or do we take the reflecting surface aperture into account? What about foliage, should this be modeled explicitly or implicitly? Etc etc. 

I have observed that ray-tracing results tend to underestimate the delay and angle spreads in the channel. There was a Qualcomm contribution in Ljubljana (R1-161665) that captured the same view in its observation/proposal: “Ray-tracing based delay spread values seriously underestimate measured delay spreads in both indoor and outdoor settings because of the lack of modeling of small scatterers. Thus, these values should not be used for realistic modeling of over 6 GHz channels.” So my comment about how to combine stochastic and deterministic clusters is still valid. 

ZTE: First thanks all for the discussion on hybrid modeling. 

Regarding to the first comment from Henrik on whether the ray-tracing algorithm should be specified in formal methodology, could you clarify the purpose of such specification? Is the target to ensure that different companies would have "exactly the same" outcome from ray-tracing algorithm if the same map is used and the random objects (if in the map) are dropped to the same locations? For example, once people compare the output paths from ray-tracing to -25dB threshold below the peak one,is it required for different companies to get the same number of deterministic paths (in that sense, the path at -25.01dB or below in one company's simulation should not vary to -24.99dB or higher for another company)? I wonder this is even not currently required for 3GPP 3D channel model or the stochastic model RAN1 is studying now, because different stochastic model runs are driven by different random seeds. So could you or anyone please clarify the intended purpose of specifying a step-by-step ray tracing procedure? or specifically, please clarify the meaning of "same output based on the same map". 

Another potential cost for specifying such step-by-step procedure is that there are some well-known ray-tracing algorithms being able to provide sufficient accuracy but with differentiated complexities,e.g., 3D-based ray tracing vs. 2D+2D based ray-tracing. In my view,it is not wise to spend valuable time in discussing which implementation is the best for companies to sync to. Meanwhile, if there is such step-by-step ray-tracing algorithm defined for map-based modeling method in METIS/MiWEBA/IEEE, we can borrow from there since the document from Keysight seems to suggest no new ray-tracing functions/features on top of conventional ones (correct me if I am wrong on this). But if all METIS/MiWEBA/IEEE do not bother to specify ray-tracing in a step-by-step manner, it may means the ray-tracing algorithm could be a common understanding and therefore we can also make our lives easier. 

Regarding to the second comments from Henrik on whether the contribution of deterministic paths should be "subtracted" from the measurements before the measurements are used to parameterize the random clusters, if I understand the comment correctly, I would like to formulate the issue into a simpler way: assume we have deterministic cluster set A, random cluster set B, and the statistic distributions C for the path parameters where C comes from lots of measurements, then 
        --- in document from Keysight: cluster parameters in set B are assumed to follow the statistic distributions C. It is not mentioned what should be the distributions on parameters for {A,B}. However, given A is deterministic and can be considered as the a-priori samples, the random part of {A.B} still follows statistic distribution C.     
        --- in Henrik's comment: cluster parameters based on {A,B} are assumed to follow the statistic distribution from measurements, where the deterministic A is treated as random outcome. The parameters for random clusters in set B should be configured accordingly considering the contribution of set A. 

For now both directions looks to me reasonable in certain way, given each of the two starts the logic from different assumptions. I think the key question here is whether we should assume that the merging or combination of A and B based on a specific map/environment should have statistics matching with measurements which come from many maps/environments. Let's again consider a special case where we only have set A but no set B, I am afraid in this particular case there is no guarantee that the output of the whole modeling method based on a specific map can have the statistics matching to statistics collected from many maps in which the measurements are done. Then if there is no way to apply such matching to set A only, why should we set it for {A,B} which is still linked to one map? I guess we may need a common understanding on the interpretation of "matching". 

BTW, if people think the way in Keysight's document is incorrect, the same concern may lead to the question whether the stochastic-only modeling (no deterministic clusters) needs to behave like such: whenever to generate k-th cluster, the contributions from clusters 1 to k-1 should be subtracted. I do not think anyone plans to do this.  
ZTE: I think our emails crossed each other. 

For the detailed description on ray-tracing algorithm, what you listed in the email such as which solutions are chosen to model reflection/diffraction/scattering/foliage (if different solutions lead to much different results) are all reasonable and necessary add-on descriptions for the ray-tracing. Here my point is that, with all these information added, it may not be necessary to give further step-by-step procedures and detailed math formulations on how electric fields are calculated. The intention here is to echo the earlier agreement on "description complexity" for the methodology.     
  
Regarding to R1-161665, I did made online comments in AH meeting to disagree the observation, because the underestimation shown in this paper is only observed for indoor case but not UMi; in addition, the numbers observed for indoor (delay spread around 6ns) do not match our simulation ray-tracing results for indoor (delay spread around 30ns). I would not argue further this contribution here, but just let you know this is not the commonly agreed observation that can be used to support the concern in deterministic/random cluster merging. However, this could be an evidence to motivate companies to use the same ray-tracing algorithm, which is your first point.
3.2 Round 2

Keysight: My sincere apologizes for not being able to send earlier updates on this discussion. We are now running out of time as today is already the last day reserved for this email discussion. Keysight was nominated to coordinate the discussion and for sure our intention was to input here more than once! We wanted to merge the map-based hybrid presentations from Keysight and ZTE but after the ad-hoc meeting we were forbidden to discuss with our friends. See the news for the facts. 

Here is, however, a minor update. Some topics remain for the contributions in Busan. Tomorrow I’ll conclude the discussion here. 

Sharp: Thanks again for the discussion.   Here’s Sharp’s comments and questions on the text proposal:

The channel model methodology described in this section is an alternative to the methodology specified in section 7, and can be used to meet following purposes: 
Do we intend to calibrate this with the stochastic model?  

· The performance evaluation/prediction is desired for certain specific deployment environments, for which the digital map is available;
Apropos of Ericsson’s comments,  is there a way in which any 3GPP company can implement the model?  If we cannot or do not calibrate this model with the stochastic model,  it seems difficult to extrapolate performance to scenarios outside of those for which the model exist.

· The impacts of environmental structures and materials to the high-frequency propagations are desired to be modelled more completely in the deterministic manner, rather than much simplified or even omitted based on stochastic emulation;  
We spent some not insignificant time in the ad hoc meeting discussing propagation loss models for structures and materials.  It seems that there is no intention of omitting this in our channel models, especially given the measurements that exist to date.  They models we’ve discussed are a good engineering tradeoff between computability for simulations and verisimilitude of the loss models.  Furthermore, given the “one of a kind” nature of the model for the scenario, it’s hard to say that the hybrid map based model is generalizable.  

· The performance evaluation/prediction is desired for certain features, which may not be supported by stochastic model.   
It would be nice to see examples of this.  While some have mentioned antenna height, I fail to see how this could not be captured in the stochastic model.

Nokia: We share the same concern as Ericsson did in earlier email. 

Hybrid based methodology might make it difficult to identify the parameters used for stochastic part. 

E.g. in the filed measurement data, we observed a number of clusters. In hybrid method, some clusters is modelled deterministically and some are stochastic. Then how do we determine which cluster observed in field measurement should be modelled by the MAP which cluster modelled by the stochastic. 

Keysight: Thanks for the comments. For the first concern we already added the table in Step 3 to make the model implementation a step more unique. Otherwise I feel that the comments from Wenfeng (two emails) are still valid.   

I see that you are used to think from the stochastic point of view when you ask your second question . I’d rather look the other way round; if you model the environment (map) you’ll get the clusters. If and when you want to reduce the complexity you do not want to use a very detailed map (because the path identification may be the most time consuming part). Most often you even don’t have the information for such a map. Then you add stochastic clusters. 

Keysight: The calibration is surely an issue we need to agree somehow. We already approached this in Ljubljana (R1-161660) but you had concerns . The unfortunate facts said in my mail have an effect also on the calibration topic … The easiest solution for the other companies would be of course that there is a common code used by all. Many of the companies (not only KS or ZTE!) in our group have already done much work on RT including implementations; anyone willing to share the code? If this is not to happen then we need something else, this is true. 

We are planning to submit a separate contribution for the generalization topic that you have asked multiple times. 

ZTE: Thanks for the comments. However I am a bit confused by your first point, which is "is there a way in which any 3GPP company can implement the model?  If we cannot or do not calibrate this model with the stochastic model,  it seems difficult to extrapolate performance to scenarios outside of those for which the model exist." 

First, what makes you think that there is a chance some 3GPP company CANNOT implement the model? Is the reason for "CANNOT" coming from stochastic part which is proposed to follow stochastic-only model as much as possible, or from the ray-tracing part which is a quite mature technology in years and frequently used in other channel model research groups like METIS and standard organizations like IEEE? Now it is the RAN1 agreement that the map-based and/or hybrid model investigation is recommended, which already means this is something CAN be done. The latest document from Keysight in email discussion includes a table in Step 3, which states the modeling principles for each interaction type's modeling algorithm in ray-tracing, and targets to make the different ray-tracing implementations based on the same map give the similar (if not the same) output. When I say "similar but may not the same", I mean no one can guarantee the outputs are exactly the same, for example a small variation of a cluster power between -24.99dB and -25.01dB would make the cluster alive or removed in the simulation. If people believe that table in step 3 is still not enough, please suggest specifically which modeling principle in that table should be further clarified, as a constructive comment. 

Second, I do not think we will or should calibrate hybrid model in a way that the output of hybrid model should match the output of stochastic-only model. This is something desirable but hardly required, because by nature one method output is tightly based on a specific map, while the output of another is not. 

Regarding to your comment "it’s hard to say that the hybrid map based model is generalizable", as I mentioned numerous times in the online discussion,for hybrid model, the methodology itself is generalizable if the map is considered as input to the methodology.In fact,I would rather believe map-based method is much more generalizable than stochastic-only model, because it is much easier for map-based model to cover 2nd priority scenarios (or even scenarios not prioritized for now in RAN1) by being given a map for that scenario, while for stochastic-only model, people need to repeat what are done in the past few months or even years for each new scenario. So the difference between our views seems to be: you are talking about generalized results, and at least ZTE focuses on a generalized methodology.I guess it is pointless to argue which one is correct, but it seems not constructive to use one intention to attack another.
ZTE: Thanks for the comments. 

I agree with Aki here. It seems we think about the problem from different angles. 

With a map, the deterministic part of hybrid model would capture clusters that contribute majority powers/weights in the channel response, the rest are left to stochastic part in order to keep a trade-off between accuracy and complexity. So it is not us who decide which cluster is modeled by deterministic part or stochastic part, that kind of decision is already there when the map is given.  
4 Conclusion
This contribution was able to report the email discussion as such without any edition work because of the relatively small number of messages sent. The previous section presented all the texts in the chronological (arrival) order. 
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