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1. Introduction
In RAN #55, the technical report of the RAN4 SI on enhanced performance requirements for LTE UEs was approved [1]. Based on the conclusions of the SI it was decided to open a new WI to specify the performance requirements and the conformance test conditions [2]. According to the work task break down provided in [2], the initial simulation assumptions and the simulation framework shall be defined in RAN4 #62bis.

In this contribution we provide our considerations of the simulation assumptions and the simulation framework with respect to synchronous and asynchronous network operation.   
2. Discussion
In RAN #55, the technical report of the RAN4 SI on enhanced performance requirements for LTE UEs was approved [1]. Based on the conclusions of the SI it was decided to open a new WI to specify the performance requirements and the conformance test conditions [2]. According to the work task break down provided in [2], the initial simulation assumptions and the simulation framework shall be defined in RAN4 #62bis.

According to [2], the objective of the work item on MMSE-IRC based advanced receivers is:
· Specify the performance requirements for demodulation tests to verify that LMMSE-IRC gains are achieved by practical implementations. 
· Specify the baseline receiver and conformance test conditions to mitigate inter-cell interference following the conclusion of study item phase: 

· LMMSE-IRC receiver should be considered as baseline receiver structure targeting spatial domain interference mitigation

· Network deployment scenarios and interference modeling should be considered according to the conclusion and evaluation results of study item, e.g. DIP distribution number of interfering cells and synchronous network deployments. Note that further evaluation of DIP distributions conditioned to G=-2.5dB is additionally planned.
· Both CRS- and DM-RS based transmission modes should be covered on both serving and interfering cells. The detailed modes should be specified with test conditions.
· Complexity of interference modelling for the performance requirements and conformance testing shall be taken into account.
· Gains for asynchronous network deployments were not concluded in the study item phase due to the limited input contributions. The need for requirements covering asynchronous deployments may therefore be investigated in the WI phase.
According to this description the main objective is to verify that the LMMSE-IRC gains that have been observed in [1] can be achieved in practical deployments. Clearly, this requires that the demodulation test cases follow realistic and practical assumptions. Several such assumptions have already been defined and applied in the simulations during the SI phase [3]. In the following we review these assumptions and provide additional suggestions.
In the SI phase link level studies have been performed assuming that the UEs are located at cell edge. In particular, two scenarios with different geometries G = 0 dB and G = -3 dB have been studied. In system level simulations summarized in [1] it has been shown that the gains of MMSE-IRC receivers are limited for cell center UEs. Therefore it seems sufficient that the WI concentrates on cell edge UEs only. In the SI phase it has been additionally shown that the simplified modeling of the 3D antenna pattern in 3GPP can yield to geometries of G = -3 dB for UEs that are very close to the base station [1]. Additional evaluations of DIP distributions conditioned to G = -2.5 have been carried out for RAN4 #62bis. It is observed that the geometry G = -2.5 dB is almost not impacted by the antenna pattern model artifacts. Hence, we propose that the tests to be defined during the WI phase focus on geometries G = 0 dB and G = -2.5 dB.
Proposal 1: Performance requirements should be defined for UE cell edge locations focusing on geometries G = 0 dB and G = -2.5 dB.

For the number of interfering cells either two cells for synchronous scenarios or one cell for asynchronous deployment have been assumed. In case of two cells the ES/Noc of the interfering cells have been determined based on the conditional DIP distribution in order to match the average throughput conditional to the geometry [1]. No evidence has been provided yet that the number of explicitly modeled cells should be larger than two. In order to keep the test setup as simple as possible it should be re-considered whether really two interfering cells need to be modeled or whether it is sufficient to consider one cell only. Since homogeneous deployments have been assumed in the SI phase where proper PCI planning can be expected,  the WI should focus on the case of non-colliding RS. 
Proposal 2: It should be re-considered in the WI phase whether two explicitly modeled interfering cells are needed in the test setup or whether one interfering cell is sufficient. The WI should focus on non-colliding CRS.

In the SI phase the main focus was on synchronous network deployments. Asynchronous networks were only considered by a small set of companies in [4], [5], [6]. Due to the limited number of contribution no final conclusion could be drawn on the gains of MMSE-IRC in asynchronous deployments. However, all contributions investigating asynchronous scenarios reported that the performance gains in asynchronous scenarios are lower than in synchronous deployments. Since the WI focuses on homogeneous macro deployments where synchronization of base stations is not necessarily needed, it is not obvious that in case of FDD synchronous network operation can be assumed without neglecting a major deployment scenario. 
In an asynchronous deployment the main contributors to the inter cell interference are not necessarily the other cells of the same site. Figure 1 repeats a result from [7] that shows the conditional DIP at G = 0 dB for synchronous cells when only collocated cells of the same site are synchronous. 
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Figure 1: DIP for synchronous cells when only collocated cells are synchronous
It is seen from that figure that the majority of the entire interference is contributed from asynchronous cells. Given the main objective of the WI that it shall be ensured that the LMMSE-IRC gains can be achieved in practical scenarios, we believe that asynchronous FDD deployments should be further considered. Hence, we propose

Proposal 3: In the WI phase both synchronous as well as asynchronous scenarios should be further considered to be in line with the main objective stated in the WID. 

It does not seem to be necessary to define each test both for synchronous and asynchronous interference. Alternatively, separate tests where the dominant interferer(s) are either synchronous or asynchronous could be defined.
One important consideration for the definition of the test cases is the selection of the MCS/PMI in the serving and the interfering cell(s). In the SI phase the following options were considered [3]: 

· Serving cell

· Fixed MCS (baseline) versus outer loop link adaptation (by interested companies)

· Follow wideband PMI (base line) versus fixed wideband PMI (by interested companies)

· Interfering cell(s)

· PMI randomly changing per subband and subframe (baseline) versus PMI randomly changing per subband and 10ms (by interested companies)

The MMSE-IRC receiver impacts both demodulation performance as well as CSI reporting accuracy. In order to fulfill the WID objective to verify that realistic gains can be achieved both demodulation performance as well as CSI reporting accuracy should be tested. Therefore we propose to use follow CQI, PMI (and RI) in the serving cell.
Proposal 4: Follow CQI, PMI (and RI) in the serving cell serving cell should be adopted as baseline assumption for the serving cell.   
Defining the baseline assumption for the interfering cell should be defined in such a way to ensure robust performance in a variety of network deployments. The current baseline assumption that the PMI changes uncorrelated per subframe seems to mandate that no averaging over subframe borders is applied in the receiver algorithms. In such a scenario where PMI changes uncorrelated from subframe to subframe time averaging may even harm performance. On the other side in an asynchronous FDD network deployment performance may be improved if time averaging is applied. Hence, in case that a interference model is defined where the interfering cell PMI changes from subframe to subframe, there is a risk that a receiver being optimized for such a scenario does not provide robust performance in asynchronous network deployments where time averaging may be needed. In addition, no evidence has been provided in the SI phase that randomly changing PMI per subframe is a common scenario. On the other side, in [7] PMI time frequency/traces have been provided that show that the PMI is correlated over time. These traces are repeated in Figure 2.
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Figure 2: PMI time/frequency traces: Full buffer, TM4, MMSE-IRC, colliding-RS, PUSCH 1-2
In the WI phase the PMI update rates should be carefully investigated and be defined after further system level analysis. In particular, care needs to be taken in defining the PMI update rates such that the receiver is able to provide robust performance in a large variety of deployment scenarios including both synchronous as well as asynchronous scenarios.

Proposal 5: The PMI update rates in the interfering cell(s) should be defined after further system level analysis such that the receiver is able to provide robust performance in a large variety of deployments including both synchronous as well as asynchronous scenarios.  
Finally, the transmission modes are considered. In the SI phase the focus was put on TM6 and TM9. TM6 is a single layer transmission mode. It is equivalent to TM4 with codebook subset restriction to a single layer. In case of TM9 rank-1 transmission only was considered due to the low geometry assumed for the UE. It seems reasonable to continue in the WI phase with both transmission modes. In addition it should be re-considered whether also test cases for TM3 are defined since TM3 is a common transmission mode in current deployments.

Proposal 6: It is proposed to consider in the WI phase transmission modes TM4 and TM9 as in the SI phase and in addition TM3.
3. Conclusion 
In this contribution we provide our considerations of the simulation assumptions and the simulation framework. In particular, we provided the following proposals.   

Proposal 1: Performance requirements should be defined for UE cell edge locations focusing on geometries G = 0 dB and G = -2.5 dB.

Proposal 2: It should be re-considered in the WI phase whether two explicitly modeled interfering cells are needed in the test setup or whether one interfering cell is sufficient. The WI should focus on non-colliding CRS.

Proposal 3: In the WI phase both synchronous as well as asynchronous scenarios should be further considered to be in line with the main objective stated in the WID. 

Proposal 4: Follow CQI, PMI (and RI) in the serving cell serving cell should be adopted as baseline assumption for the serving cell.

Proposal 5: The PMI update rates in the interfering cell(s) should be defined after further system level analysis such that the receiver is able to provide robust performance in a large variety of deployments including both synchronous as well as asynchronous scenarios.  

Proposal 6: It is proposed to consider in the WI phase transmission modes TM4 and TM9 as in the SI phase and in addition TM3.
We recommend the working group to take these proposals into account for defining the simulation framework.
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