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1. Background

This TP proposes to capture an agreement for OTA RX blocking in the TR
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TEXT PROPOSAL:

6.4
In-band selectivity and blocking

6.4.1
Background information on the conducted requirement

The in band receiver blocking requirement captures minimum requirements on several aspects of receiver behaviour. The conducted in band blocking requirement is based upon placing a high power interferer within the band on another carrier to a wanted signal. The Several types of interferer and several frequency relationships are defined in different blocking tests.
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Figure 6.4.1-1 Example of an RX blocking requirement
The basic principle of the blocking test is that when the blocker is applied, a throughput target on the wanted signal should continue to be achieved. The wanted signal is set at 6dB above reference sensitivity with the same RMC as for reference sensitivity. Thus in principle distortion arising from the blocker is allowed to desensitize a receiver operating at exactly reference sensitivity by around 6dB. 

It should be noted that the wanted signal level is set with respect to reference sensitivity, which is a minimum requirement and not the actual sensitivity level of the receiver, which may be lower. 

Two signal levels are required for the blocking requirement; the blocker interferer level and the wanted signal level. To derive the blocker interferer level for wide area BS, uplink system level simulations were performed as documented in the TR 36.942 [5]. The blocker interferer level was decided partially by considering the 99.99th percentile of RX power observed from a non co-located aggressor LTE system on a victim system but mainly based on the UE transmit power and MCL. Later on, the AAS SI in 37.840 [6] investigated the dependency of the conducted blocker interferer level on antenna architecture and concluded that for the investigated array types, the conducted blocker interferer level was similar both for a receiver attached to a passive array and one attached to an individual antenna element. Based on this, in 37.105 [3] a per TAB connector conducted blocking interferer level is defined that is the same as the blocker interferer level defined in 37.104 [7].

For UTRA single RAT, blocker interferer levels were derived using system level simulations for the medium range and local area BS classes [10]. Higher blocker interferer levels are defined that for the wide area scenario. The wanted signal level is kept at 6dB above the reference sensitivity.
For E-UTRA single RAT, the blocker interferer level for the local area BS class was derived from system level simulations [12], and the wanted signal set at 6dB above reference sensitivity. For the medium range BS class, the wanted signal was set at 6dB above reference sensitivity, whilst the blocker interferer level was adjusted such that the difference between the blocker interferer level and the wanted signal level is equalized between E-UTRA wide area and medium range (The adjustment is needed because the reference sensitivity level differs between the two classes) [11]. 

Comparing UTRA and E-UTRA single RAT blocking requirements, there are differences in the blocker interferer levels (UTRA being larger). For MSR, there is a need for a single set of in band blocking requirements. To achieve this, the UTRA blocker interferer levels, which are more stringent than the E-UTRA were used for the MSR blocking requirement. However the difference between the blocker interferer level and the wanted signal level needed for the wide area BS class to pass blocking is also maintained for the other BS classes. To achieve this, the offset of the wanted signal from the reference sensitivity is adjusted and different to 6dB for E-UTRA. Also the UTRA wanted signal levels are adjusted to keep a common difference between the blocker interferer level and the wanted signal level. 

6.4.2
In-band selectivity and blocking: Core requirement

The conducted blocking level simulations assumptions use 3 UE’s in the interfering network, the interferer level recorded for the statistical analysis is the total of all 3 interfering UE’s. When translating this to an OTA requirement where the direction of the interferer also needs to be specified this can cause an added complication.

Directional information is distorted within the existing coexistence simulation framework due to the fact that multipath propagation is approximated as lognormal shadow fading. Whereas in the real world, several multipaths will arrive from different directions in to the antenna, in the simulation the signal arrives from the line of sight direction, but a random fading margin is added. Nonetheless, coarse observations on likely locations of blocking UEs can be considered. Thus, using the same simulation parameters as the conducted blocking simulation but recording the data on the power level and location of the UE’s which defined the 99.99% point it was however found that the total power is dominated by a single UE
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Figure 6.4.2-1.Sample of 99.99% Blocking interference level and individual UE power

Therefore only a single interference direction is required to represent the 99.99% blocking case.

The same 99.99% blocking UE’s were investigated to see if they came from a predictable direction. 

[image: image3.emf]-500 -400 -300 -200 -100 0 100 200 300 400 500

-500

-400

-300

-200

-100

0

100

200

300

400

500

Victim and agressor networks with placed UEs

distance (m)

distance (m)


Figure 6.4.2-2 99.99% Blocking interfering UE location

The 99.99% UE’s direction was found in both azimuth and elevation to be approximately within the element beam width. Whether this is true when multipath propagation is considered is not clear from this type of simulation.
The simulation does not take into account the wanted signal and so it is not possible to find the direction of the wanted signal by the same analysis. It was judged to be feasible however to make a worst case assumption that the wanted UE and the aggressor UE are in the same direction. The assumption may have caused some over dimensioning of the blocking requirement, since the probability of the wanted signal and blocker arriving in the same direction is not 100%, but the potential over dimensioning is seen as acceptable for E-UTRA/UTRA requirements.
Taking into account the above considerations, the blocking requirement can be tested by means of transmitting the wanted signal and blocking signal in the same direction towards the receiver, and adjusting the OTA levels of the two signals such that the conducted levels, derived by the simulations, are achieved inside the equipment. This adjustment can be achieved by:

· Setting the wanted signal level to be the level of the OTA reference sensitivity +6dB

· Using the same method for adapting the blocking level as for adapting the sensitivity level, i.e.

· 
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What is not taken into account with the above described approach is the impact of adaptive RX combining. The requirement is specified on the BS as a system, including combining. It may be expected that RX combining will coherently combine the wanted signal, but may not coherently combine the interference from the blocking signals.

The RX combining will have two impacts. Firstly, after combining the relationship of the wanted signal to the noise floor will be greater than the 6dB envisaged by the requirement. This additional wanted signal level will enable receivers to be designed with somewhat less selectivity towards the blocking signal. Secondly, if the in-band blocking interference does not combine fully coherently, then the RX combining effect will enhance the selectivity towards the blocker. 
It is important to bear in mind that the ratio of wanted signal level to blocking level is related to the probability of users and RX power levels occurring in adjacent networks. The probabilities of the signal levels do not change as a result of BS architecture, and thus changing the blocking to wanted signal level would lead to a change in the blocking probability provided by the network.

To further improve the blocking requirement, in addition to the blocking requirement based on OTA REFSENS as described above, a second blocking requirement is introduced. The declared minimum sensitivity is used as the basis for the wanted signal level, whilst the blocking signal level is set such that the blocking signal to wanted signal ratio is maintained the same as for the conducted requirement. This would set a lower OTA blocking level. The issue of combining leading to the received signals being well above the noise floor would be addressed in this way

In summary, the blocking requirement is specified as two levels as follows:
First requirement:

Wanted signal = 
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Blocking = Conducted blocking level - 
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Second requirement:

Wanted signal = Declared minimum OTA sensitivity

Blocking = Declared minimum OTA sensitivity + (Conducted Blocking Level – conducted Reference Sensitivity)
6.4.3
In-band selectivity and blocking: Conformance requirement

The OTA blocking requirement is tested using the same set of 5 conformance directions as the OTA sensitivity requirement. However in each direction, only one of the two blocking requirements is tested. Each of the two requirements is tested in at least one direction.
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