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1
Introduction

The UE spurious emissions for co-existence have been heavily debated in the past meetings [1-6]. Simulations on one side proposes to specify -15.5dBm/5MHz as the UE spurious emissions for co-existence between adjacent bands as this does not imply large degradation on the victim system [2], while simulations on other side indicates that a more stringent requirement than -30dBm/MHz is needed [1]. Proponents of simulation results in [1] and [2] have recognized the origin of the different conclusions as being the different simulation assumptions [5], [6]. A WF was drafted at RAN4#70bis [7] to agree on simulation assumptions for co-existence, but the WF was not approved.

In this contribution, we further discuss the simulation results presented in [1] and account for an activity factor in the simulations to model co-existence between TDD systems. This is done in the context of the discussions on UE co-existence between Band 42 and 43 [8]
2
Discussion

2.1
UL-DL interference
In [1] an UL-DL interference scenario situation at 2.6GHz was simulated where the BSs for the aggressor and victim UEs were collocated, see Figure 2.1-1. Both aggressor and victim UE were situated at a (fixed) separation of 1m. This scenario can easily happen at a conference for example. Indeed, the intention of the spurious emissions requirements for band coexistence is to cover these types of scenarios.
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Figure 2.1-1: Simulated scenario

Further, outdoors and indoors scenarios were considered. Both, victim and aggressor are either outdoors or indoors depending on the scenario, but always connected to an outdoors base station. Penetration loss is added in the case of the indoors scenario, specifically 10 dB and 15dB model different situations, e.g. different building materials and UE positions inside the building [9].
The simulated scenario modeled a constant UL-DL interference. Figure 2.1-2 includes a copy of the simulation results in [1] to facilitate the discussion.
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2.1-2a) Average throughput degradation





2.1-2a) 5th Percentile throughput degradation

Figure 2.1-2: Throughput degradation
It can be observed that:

1. For spurious emissions of -50dBm/MHz, 

a. average and cell edge throughput degradation is below 5% in the outdoors scenario

b. cell edge throughput degradation is up to 40% for a 15dB penetration loss

2. For spurious emissions of -30dBm/MHz, 

a. Average throughput degradation is about 10% for the outdoors case, but the cell edge degradation is more than 50%

b. 100% degradation occurs for the cell edge in the indoors scenarios

2.2
UL-DL interference between adjacent TDD systems

Looking at a scenario on which victim and aggressor are TDD systems, we can add an additional parameter to the simulations. This would be an “activity factor” to model the different UL:DL ratios for the victim and aggressor network and the probability of collision [5]. 
Interference between TDD systems depends on two factors: frame synchronization between victim and aggressor system and UL:DL ratio for these systems. In the simulations below, Figure 2.2-1, we look at the average degradation for the an indoor scenario on which UL-DL interference happens 10%, 30%, 60% and 90% of the time. The percentage of time on which interference appear can be seen as an “activity factor”. We can see that the throughput degradation approximately scales with the “activity factor” that yields the risk of interference to the first order. The worst case of realistic interference scenarios should be considered for deriving requirements, 
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Figure 2.2-1: Average throughput degradation
2.3
A compromise emission limit

At the same time as we discuss the emission levels for spurious emissions from a victim perspective, it would be of interest to also take a look at the impact in terms of AMPR of the specification of different emission levels for protection of the victim UE.

First, we look at filter data for Band 43 (same filter downshifted can be applicable for Band 42). The simulation results show typical data. 15dB is achievable at about 15MHz (at 22-23MHz considering temperature and manufacture variations)
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Figure 2.3-1: Band 43 FBAR filter, typical performance

For a 20MHz E-UTRA carrier, the general spectrum emission mask requires an emission level of -25dBm/MHz at 20MHz separation. If we also consider the filter rejection from the filter above at this frequency separation, the emissions will be in the bulk of -40dBm/MHz. A moderate A-MPR may be needed depending on different filter responses.
For emissions at a closer proximity than 20MHz, filter attenuation cannot be achieved (or will be small). Power back-off is then needed. Figure 2.3-2 includes emissions from a 20MHz LTE carrier at 2GHz. Recognizing that emissions will be slightly larger at 3.5GHz, we can use the figures as an indication of the order of magnitude of A-MPR for different emission levels. For example, to fulfil -30dBm/MHz, a power back-off of about 3-4dB is needed. The AMPR increases to 6-7dB to achieve -35dBm/MHz and 9dB to lower emissions down to -40dBm/MHz.
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Figure 2.3-2: A-MPR for a 20MHz E-UTRA carrier at 2GHz
As Band 42 and 43 are adjacent in frequency and achieve a low emission protection towards the victim would impose a large impact on the UL and also considering the both are TDD bands and the probability of  UL-DL may differ on a case-by-case basis, a somehow “relaxed” protection level  towards the victim is proposed while still allow for certain protection towards the victim depending on the deployment scenario. Figure 2.3-3 includes a possible specification of the spurious emissions for co-existence between Band 42 and Band 43:

· Band 43 spurious emissions to Band 42 (and 22)

3400-3580MHz: -40dBm/MHz with A-MPR

3580-3590MHz: -[30 to 40]dBm/MHz. A-MPR to be considered together with filter attenuation

· Band 42 spurious emissions to Band 43

3610-3620MHz: -[30 to 40]dBm/MHz with A-MPR

3620-3800MHz: -40dBm/MHz. A-MPR to be considered together with filter attenuation


Figure 2.3-3: Tentative spurious emissions from Band 43 to Band 42
3 Conclusion 
UE co-existence simulations based on a collocated BS scenario on which victim and aggressor UEs are located at 1m fixed separation in an outdoors and indoors scenario were presented in [1]. This scenario assumed a constant UL-DL interference. New simulations are performed to account for the probability of interference. The throughput degradation scales (approximately) according to this factor. It is concluded that-15.5dBm/5MHz is not enough from a co-existence perspective. A lower emission level than -30dBm/MHz needs to be considered. 

The UL impact to lower emissions below -30dBm/MHz for victim protection is also analysed. -40dBm/MHz is achievable at 20MHz separation from the operating band relying on filter attenuation. Depending on the filter characteristics, a moderate AMPR may be needed. For emissions closer than 20MHz from the operating band, this requirement can be further considerd. An initial assessment is to specify –[30 to 40]dBm/MHz between 10-20MHz from the operating band. 
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