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Introduction
In the Ad Hoc meeting in Ljubljana, an agreement [1] was reached on link level channel models, whereby a set of tabulated tapped delay lines (TDLs) and clustered delay lines (CDLs) specified in R1-161736 [2] were to be modified in certain ways. The modifications included the normalization of the delays of the TDLs and CDLs such that the rms delay spread would become 1 s, combined with a subsequent scaling of the delays to provide arbitrary delay spread CDLs and TDLs. Examples of scaling parameters were referred to an email discussion. The agreement also mentioned angular scaling of the CDLs as a topic FFS. In the ensuing email discussion the possibility of providing TDLs and CDLs for LOS channels was raised. In the email discussion it was also proposed to provide a description in the channel model TR of how to apply the delay scaling to achieve a range of conditions representative of different scenarios. 
The purpose of this contribution is to further discuss angular scaling and LOS link level channel models.
Angular scaling
The CDLs may be used for link level simulations where beamforming and MIMO operation is to be studied. By combining a CDL with an antenna array model it is possible to derive channel coefficients with corresponding correlation coefficients for each array element. The CDL may also be transformed into a TDL by assuming a certain beamwidth and beam pointing direction, thereby capturing the reduction of delay spread that beamforming can have. In its simplest form this is done through “brickwalling”, where a rectangular spatial filter is applied. 
The CDLs of [2] represent three very specific channel realizations. As such, they have very distinct spatial characteristics which will not be representative of the range of channels and spatial characteristics that a 5G multi-antenna device will encounter. The impact of e.g. “brickwalling” may therefore not be representative. Furthermore, if these CDLs are used to evaluate e.g. codebook design or beamforming or interference rejection algorithms the results will be very particular to these specific realizations. While this fact is generally understood by people well versed in propagation and channel modelling it has turned out that this is often a cause of misunderstanding for less experienced people. 
Observation: CDLs according to R1-161736 will not be representative for the majority of expected channel conditions
Observation: There is a risk of misuse and wrong conclusions being drawn from link level simulations using a limited set of CDLs
Angular scaling may be used similar to delay scaling to transform a very specific CDL realization into a more powerful tool that can be tuned to different scenarios and expected conditions. In angular scaling, a first step would be to normalize all angles such that the rms angular spreads of departure and arrival in azimuth and zenith angle has a unit value, e.g. 1 degree. Subsequently, the angles are multiplied with scaling factors that can transform the unit spread CDL into a channel realization with typical spreads for a given scenario. Examples of scaling factors can be generated based on the CDFs of the system level channel model in different scenarios. Alternatively, the scaling factors are selected from a small set spanning the range of expected spreads, similar to what has been discussed for the delay scaling factors.
Proposal 1: Use angular scaling of CDLs such that a range of angular spreads can be represented by a single CDL
Not only the angular spreads but also the mean angles can be important in link level simulations of multi-antenna devices. One example is a simulation of an interference rejection algorithm based on e.g. zero forcing or similar. Here the spatial colour of the desired signal in relation to the interference is of key importance. Another example is the design of codebooks, where different beam pointing angles should be exercised. Both of these are solved by introducing the possibility of translating the angles through adding an offset in the azimuth and/or zenith angle of all clusters and rays. 
Proposal 2: Use angular translation of CDLs such that a range of mean angles can be represented by a single CDL
LOS link level models
It has been suggested in the email discussion of the link level channel models that also LOS variants should be specified. The main difference between a LOS and a NLOS link level model would be the existence of a non-fading strong MPC in the channel. However, it is still unclear what the benefit of having such models would be if there are already scalable TDLs and CDLs. There is a risk that adding LOS TDLs and CDLs will only cause confusion in the prospective users of the link level models.
Observation: There are no obvious benefits of adding LOS CDLs and TDLs, but there are risk of confusion if too many different link level models are specified.
However, if it is decided that LOS models should indeed be added then this should be done with the same considerations on specific vs representative channel conditions as for the delay spread and the angular spreads. The key parameter of a LOS channel model is the power ratio between the non-fading MPC and the total power of the channel, which is commonly characterized by the Rice factor K. K-factors may assume a range of values in different scenarios as exemplified in some of the tables in [3]. A TDL with a fixed K factor will then be as representative as a TDL with a fixed delay spread; in other words not very representative. 
A more flexible LOS channel model could be generated using the existing CDLs and TDLs from the agreement, but where a direct, non-fading MPC is added at zero delay. Since the CDLs and TDLs are already power normalized, the LOS channel with Ricean factor K would consist of an existing CDL/TDL where all cluster/tap powers are divided by (K+1), with the addition of a direct MPC which is assigned the power K/(K+1). 
Since the introduction of a direct path with a high power will reduce the delay spread, the delays also need to be re-normalized. The re-normalization factor will be dependent on K but can be calculated easily. The calculation of mean delay and rms delay spread could be specified in the TR to facilitate automatic re-normalization in implementations. 
Proposal 3: If LOS link level models are introduced, these should include scalable K-factors. 
Conclusion
The following are proposed:
Proposal 1: Use angular scaling of CDLs such that a range of angular spreads can be represented by a single CDL
Proposal 2: Use angular translation of CDLs such that a range of mean angles can be represented by a single CDL
Proposal 3: If LOS link level models are introduced, these should include scalable K-factors. 
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