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Discussion
1
Introduction

With the finalization of the NAICS core part in the previous meeting, RAN4 needs to focus further on the introduction of UE PDSCH demodulation tests for the verification of NAICS functionality [1]. In the previous meeting it has been agreed to provide further input on the following open issue related to interference models.
· Scenarios and interference models and their prioritization if any
· Interference profiles including the number of interfering cells, interference pattern and geometry
· CRS pattern for serving and interference cells
· Duplexing modes
· Serving and interference cell transmission parameters (TMs, MCS, RI, etc)
· Time/Frequency offsets models for interference signal
· Whether randomized interference model should be used and the respective parameters
· Whether serving cell PDCCH decoding performance impact on the PDSCH throughput needs to be considered
In this contribution we present our views regarding the interference models to be considered in NAICS performance work. 

2
Interference models
The interference models are a very important component in both UE demodulation [3] and CSI feedback testability [4]. In the following we are providing views with respect to the interference modelling needed in both situations, answering also the questions raised in the previous meeting way forward.
2.1 UE demodulation
The NAICS UE demodulation needs to cover the testability of the blind detection process. In a companion paper [3] we are discussing in more detail the necessity of testability for interference parameters, however in the light of the large amount of test cases and the need to consider groups of parameters in the tests, the interference models play an important role. Indeed, the phase 1 simulations assumptions setup, at least in the current form, seems unfeasible to support the NAICS testability in an efficient way and some degree of interference randomization is necessary. To some extent the phase 2 simulations assumption contain a more random interference model, however it should be discussed if modifications are needed further. In the NAICS TR [2] it is mentioned that random MCS/RI across subframe and/or subband for the duration of each packet could be introduced. We note that while a randomized interference model facilitates the NAICS testability, a too random model, like considering all the parameters random per subframe in time, might lead to unrealistic interference conditions. 
The interference models have to properly capture the time and frequency dynamics of the interference. The frequency resource granularity is an important component of NAICS operation. RAN1 endorsed that network assistance can be provided for resource allocation granularity of {1, 2, 3, 4} PRB pairs. Even if the upper bound granularity is of 4 PRB, the tests should be based on 1 PRB processing which is the most practical case. As the dominant interferer can be ON/OFF in time, it is important to emulate such interference behaviour. We note that the proper setup of dynamic interference in time and frequency would allow the testability of several critical components of the blind detection, that is interference presence and dominant interference identification.

Phase 2 simulations assumptions contain a more randomized interference model, however, it needs a revisiting of the assumptions in the light of the specified network assistance. For example, the bursty traffic modelling is creating the premises for testing the ability of the NAICS UE to identify the existence of the dominant interferer. An example of the time variation of the Dominant Interference Ratio (DIR) is presented in Figure 1. The left plot illustrates the value of the DIR for ten users, scheduled full-band in the network during a period of 500 TTIs, in a homogeneous scenario. Each horizontal bar represents the period within one user completes its call, with the DIR presented on a colour scale for every TTI. The blank spaces in the bars are due to the users not being scheduled in certain intervals. The Figure 1 (a) shows how significant the DIR variation can be, changing from a low to a high value in just a few TTIs. The changes take place when users in other sectors/cells start or finish their calls. The Figure 1 (b) illustrates the origin of the dominant interferer transmission in terms of transmission point. Looking at both figures for one particular user, one can see that during the DIR variations the strongest interferer cell index may shift as well, sometimes experiencing even a fast change. Note that in this example, from the mobility perspective, the UEs are also static. Changes in DIR may occur with a faster rate compared to the RRC signalling which may be in the order of tens of ms. To fully exploit the benefit from cancelling the strongest interferer, the IC must therefore be dynamic in time. 

[image: image1.png]UserID

600
TTI number

800

1000

1200

10

-10

-15

DIR (dB}



 [image: image2.png]X8pul Jesepe isebuong

2 2 ¥ ¥ 2 9 o + o o

TTI number





(a)                              









  (b)          
Figure 1: (a) Time evolution of the DIR for 10 of the users, with the Generalized PF scheduler. (b) Origin of the dominant interferer in terms of transmission point index. 
From a different perspective, we should strive to test the relevant blind detection components of NAICS. One may claim that the receiver operation in dynamic interference scenarios is well understood and does not need further testing. However, in NAICS, the whole blind detection process depends on the correct assumption on the interference presence and correct dominant interferer identification; hence we see a value in adding such testability features.
Observation: 

· Randomized interference models facilitate the testability of critical blind detection components: interference presence and dominant interference identification. 

Proposal:
· Utilize a randomized interference model, similar to NAICS phase 2.

2.2 CSI feedback
The scenario(s) in which the NAICS CSI feedback is to be tested has to capture the differentiation between CSI feedback operation with and without embedding the NAICS IC efficiencies into the reported CSI. In other words, an acceptable comparison is towards NAICS CSI feedback computation based on legacy type A (LMMSE-IRC) receiver.
The interference model utilized in type A testing is perhaps the most advanced in terms of coloured interference structure. As the purpose of the LMMSE-IRC is to cancel one dominant interferer, each interfering cell involved in the enhanced performance requirements tests is characterized by an associated dominant interferer proportion (DIP) value. As the receiver type A sets the legacy operation, the NAICS receiver needs to show the relative gain in terms of throughput based on an interference model similar to that of receiver type A, yet different in the sense of facilitating the particular IC operation performed in the NAICS receiver.

Proposal: 
· The receiver type B would be tested in non-coloured interference conditions.

In terms of interference structure, both receiver type A and the NAICS receiver are operating in similar environments, however their approach on handling the dominant interferer is rather different. While for the type A receiver it is important to get an accurate residual interference estimate capturing the dominant interferer as part of it, the NAICS receiver needs to identify the dominant interferer and cancel it. In order to differentiate the receiver’s operation, it seems critical to provide an interference scenario in which the LMMSE-IRC is limited as much as possible while also the NAICS receiver is able to reveal its inner working mechanism which depends at least on the dominant interference strength, modulation format of both the NAICS UE and the interferer. Other interference characteristics may be retained from the existing type A receiver interference models, like for example the choice of random PMI and rank and other specific operation for considered TMs. As the test cases are for 2 receive antennas at the UE side, at least one possibility of differentiating between the type A and NAICS receivers it to consider two dominant interferers which would not be able to be handled by the type A receiver. It is hence important to consider the ON/ON interfering environment, similar to phase 1 simulation assumptions.
Proposals:

· Append the interference models for receiver type A with specific characteristics facilitating the testability of the NAICS receiver.

· Two interferers should be explicitly modeled, similar to the ON/ON case from Phase1.

· Randomized interference characteristics can be considered (random rank and PMI).
· Realistic time and frequency offsets for the interfering signals should be utilized. 
The interference profiles used so far in the RAN4 work are spanning yet another wide range of options. The interference conditions captured in the NAICS TR are considering three geometries ranges (5-25%, 40-60%, 75-95%) while for each of these there are different INR conditions (@40%, @50, @80% I1/Noc). These interference conditions are also factorized by the two considered scenario of homogeneous and heterogeneous networks. Further prioritization is needed and based on the current main stream results, at least the following can be considered as first priority:
Proposals:

· Prioritize high INR conditions (@80% I1/Noc) for low 5-25% geometries.

· It should be discussed if only scenario1 or both scenario 1 and scenario 2 are to be considered.
3
Conclusions

In this contribution we have been discussing the interference models to be considered for NAICS performance requirements. The following can be summarized: 
Observations:
1. Randomized interference models facilitate the testability of critical blind detection components: interference presence and dominant interference identification. 

Proposals: 

1. Utilize a randomized interference model, similar to NAICS phase 2.

2. The receiver type B would be tested in non-coloured interference conditions.

3. Append the interference models for receiver type A with specific characteristics facilitating the testability of the NAICS receiver.

4. Two interferers should be explicitly modelled.
5. Realistic time and frequency offsets for the interfering signals should be utilized. 
6. Prioritize high INR conditions (@80% I1/Noc) for low 5-25% geometries.

7. It should be discussed if only scenario1 or both scenario 1 and scenario 2 are to be considered.
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