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1. Introduction

This document continues the discussion on suitable system simulation methods for studying RF co-existence scenarios with E-UTRA, which was started in [1, 2]. In the previous discussion it was expressed that it is important that the simulations are not only limited to low bit rate and CS type of services but instead higher bit rate PS services should also be considered. 

In this contribution we present a framework that could be investigated further for developing a Monte-Carlo static system simulator, where the PS aspects are covered to some extent while still maintaining the simulator complexity manageable. 

2. Discussion

The following modelling assumptions are considered as important factors in determining the outcome from Monte-Carlo RF co-existence simulations:
1) Having sufficiently diverse set of scenarios to cover relevant system operating environments: this is important in order to gain confidence that the systems will co-exist also in reality.
2) Parameters of  the scenario layout (e.g. ISD, offset from interfering sites, indoor modeling…): e.g. the choice of the ISD value(s) has a large impact on the results
3) Propagation conditions (PL model, MCL, …): also the choice of the PL model may have a considerable impact on the results
4) Power control (TPC) modelling: has interference mitigating impact and should be included
5) Inclusion of a realistic level of intra-system interference: real deployed systems typically exhibit significant intra-system interference; omission of this aspect will produce pessimistic results. This requires the definition of multi-tier/cell scenarios, e.g. a 2-tier / 19 cell layout for macro cells.
6) Sufficient spatial sampling (“UE drops”) of the interfered system areas: the problematic interference situations typically occur with UEs close to MCL conditions, i.e. in spatially localised areas. In order to have sufficient confidence on the results, a large ensemble of UE locations needs to be sampled; e.g. TR 25.942 suggests for UTRA FDD 10k snapshots for voice. Demanding in this respect are also the BS blocking simulations in which blocking events with a 10e-4 occurrence need to be resolved with sufficient confidence. 
Note that additional sampling on the time axis cannot substitute for spatial sampling. Spatial sampling becomes also more challenging with higher bit rate PS services in which fewer UEs are able to consume the system capacity and less UEs are simultaneously active (scheduled) at a certain point in time.
It is believed that the modelling aspects 2) … 5) will be the main determinant in the overall RF co-existence simulation results. This means that the modelling effort related to these aspects should dominate the overall LTE simulator modelling effort. That is to say, that e.g. spending time on very detailed modelling of the PS in the time domain (instead on refining aspects 2) … 5)) is not be optimum in terms of getting relevant co-existence results. 
Aspects 1), 5) and 6) point into the direction that only a relatively low computational complexity per spatial snapshot can be afforded by the simulator in order to obtain viable run times per RF scenario. Assuming identical spatial resolution, we estimate, based on the performance from currently available simulation platforms, that the runtime requirements of a quasi-static simulation approach (with explicit modelling of time and multiple explicitly modelled PS allocation periods) would be 3 orders of magnitude larger than a static simulation approach (as currently recommended in TR 25.942). This essentially rules the use of quasi-static (or fully dynamic) simulation approaches for RF co-existence simulations out, even when considering the use of parallel computing platforms.
A quasi-static simulation approach for LTE would face further challenges when connected with the legacy WCDMA and GSM static simulators. As the latter ones do not contain any notion of explicit time, the issue would arise of how the detailed time domain representation of LTE interference would be averaged into instantaneous time instants and exported into the WCDMA and GSM static simulators. A corresponding problem exists also vice versa. Hence all systems need to model the time axis in the same way.
The drawback of a static simulation approach is that the PS operation can only be incompletely modelled. However, it appears to be possible to include the PS operation at a single point in time also in a static setting. This is outlined in the following in more detail for the DL direction.
3. Proposed Static Monte-Carlo Simulation Method
The following static simulation methodology is proposed for LTE RF co-existence studies:
· Monte Carlo simulations with multiple snapshots. 

· A snapshot represents the scheduled bit rates at one instant of time; there is no explicit time axis modelled
· Each snapshot represents the momentary interference caused to other systems and vice versa
· All snapshots are independent from each other

· The number of UEs in snapshot represents UEs that are being scheduled (have data in the buffer)

· Inactive UEs (those with no active session) are not included
· To model the time-division aspect of the scheduling, “activity factors” (i.e. ‘on/off’ conditions) can be used for the UEs. E.g. UEs at high C/I locations may be scheduled higher bit rates, however, with a reduced probability to do so, as the packet service definition may assume the same Tput for all UEs (i.e. regardless of the CQI (C/I))
· The “activity factors” can also model the case of limited resource blocks (RBs) when compared with the UE waiting to receive data, i.e. not all UEs may be able to obtain a RB in a snapshot
· With such “activity factors” the TX powers related to a UE will be instantaneous as no time/ensemble averages are involved. The resulting interference can be directly “exported” into the legacy WCDMA, GSM snapshot simulators (and vice versa)
· Hence, a UE may be inactive during one snapshot (i.e. no data was scheduled at this time instant), in which case it does not contribute fully to e.g. throughput and interference calculations
· A mapping from C/I values to MCSs and available bit rates (including overheads due to HARQ) are defined for different packet service types
· Each packet service type includes a set of supported MCSs, average Tput requirements and some measure for the delay requirement (e.g. as requirement for the ratio of instants where data was not scheduled divided by the total number of instants)
· the total BS operating bandwidth is divided into equal size resource blocks (RB)

· UEs can be allocated to the frequency resource blocks based on selected frequency plan and/or interference control scheme
· Interference calculations need to take the location of the RBs within the frequency domain into account (e.g. larger inter-system interference between adjacent RBs)
· Once the UEs are allocated to the RBs, the scheduler decides e.g. based on the selected activity factors and CQI estimates, which UEs are scheduled in the snapshot and what is suitable MCS for a given UE
· CQI estimates could be obtained as DL pilot C/I values

· It appears to be possible to model at least Round Robin (based on random UE selection) and C/I schedulers, which are the bounding schedulers
· It may not be necessary to agree upon all the details of the scheduling process, FFS
· Assuming that the RBs (OFDM subcarriers) use pre-planned TX powers there appears to be no need for a TPC convergence loop on DL. Similarly the UL TPC loop could be replaced by a simple compensation of the PL, modified by a pre-planned interference margin and a MCS specific C/I target selected by the scheduler. Hence also on UL no convergence loop is required.
· UEs at the “cell edge” could be defined via DL pilot C/I (“G value”) criteria
The following is an outline of the simulation loop (example mainly for the DL direction):
For i=1:#of snapshots

1. Drop UEs into the scenario
· Distribute UEs uniformly throughout the system area
2. Calculate pathloss including slow fading for all UEs
     3. 
  attach UEs to cells based on the received pilot strength C

4. 
  perform PS operation for all cells:
· Loop over all cells 

· Loop over all UEs attached to the cell
· Calculate CQI (based on pilot C/I with the adjacent system interference included in I)
· Allocate UEs to resource blocks and do MCS selection based on target CQI (C/I) for this service  
· The UE selected first to be scheduled depends on the scheduling scheme used: In case of round robin-type of scheduling, select UEs randomly. In case of max C/I-type of scheduling, select the UE with the best C/I first, then next-best and so on. 
· Decide which UEs are active and inactive during the snapshot (= setting of the “activity factors”)

5. Do TPC




DL: Nothing to do (assuming constant DL power per resource block)



UL: compensation of the PL

6. Calculate actual intra/inter system interference to get the actual C/I for each UE
· Can take also the RB locations inside the channel into account (i.e. RB-specific C/I calculation)

· Includes also adjacent system interference (also RB-specific interference levels could be modelled if required)

7. Calculate the actually achieved bit rates (incl. overhead due to HARQ)
· Requires a mapping C/I->actual bit rate

8. Collect all statistics from this snapshot
· For all UEs and additionally for the “cell edge” UEs only

· Distribution of actual user bit rates

· Total cell/sector Tput

· Actual C/I distribution, UL TX powers, etc

End

This scheme for a static LTE simulation loop has not yet been fully prototyped in order to check it’s self consistency. There are also many details open which would need to be discussed and specified further. Nokia would welcome any alternative suggestions or other comments on the feasibility of the proposed simulation flow.
While this outline of the simulation loop was formulated mainly for DL, the same simulation logic appears to be applicable to UL as well.
4. Proposal for Decision
Based on the above analysis of the requirements for Monte-Carlo RF co-existence simulations, we propose the following:
1. RAN WG4 should adopt a static Monte-Carlo simulation methodology for RF co-existence simulations

2. For compatibility studies of LTE with UTRA FDD and GSM systems, the existing static Monte-Carlo simulation methodology for UTRA, GSM shall be re-used and connected to LTE
3. RAN WG4 should evolve the current static Monte-Carlo simulation methodology used for UTRA FDD to include essential aspects of packet services, e.g. along the lines outline above
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