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1.  Introduction

Several meetings have been spent to discuss UE-UE protection requirements for TDD-TDD or TDD-FDD bands placed side-by-side (without or very small gap) such as B3/B39 and B42/B43.  For those band protections, requirements from ECC Report 131[1] have been frequently proposed /referred to such as [2]. On the other hand, protection requirements will strongly depend on frequencies considered and scenarios assumed for co-existence study thus it is not always rational to use the value as it is without reviewing underlying assumptions.
This paper is intended to revisit the content of ECC report 131, mainly section 4, to see for what bands/situations the report is (or is not) suited. One of the motivations of this contribution is to draw attention to some uncommon assumptions made in the report.
2.  Protection requirement in general
When UE-Tx spectrum and UE-Rx spectrum of different bands are close, unwanted emission of UE-Tx may violate the reception of UE-Rx signals. Normally, unwanted emission falling into Rx spectrum is dominant while blocking might also be of importance for some cases. The degree of violation depends on the separation (i.e., pathloss) between a Rx-UE (victim) and Tx-UEs (aggressors) and the density of aggressors so Monte-Carlo simulation is conducted and the condition is given in a stochastic form such as “probability of (more than) 1dB desensitization is (less than) 3% of whole UEs-Rx” under a certain scenario.  There are choices on the level of desensitization, the percentage of UEs suffered and scenario assumed. It should be noted that the protection level is largely influenced by the scenario or assumptions on UE/user density or activity while UE performance is almost pre-determined by the “state-of-art” technology at the time of evaluation.
In addition, as unwanted emission level of each UE-Tx depends strongly on actual Tx power, there should be an assumption of TX power in the form of Tx Power distribution or cell/UE deployments which can determine “rational” Tx power in each Monte-Carlo attempt. This is also linked to the scenario considered. (Note: it seems that the ECC report does not mention how the Tx power of aggressors is determined in the simulation campaign for section.4.)
3.  Basic scenario in ECC Report 131
The report was originally for recommending protection requirements between 2.6GHz FDD-TDD Co-existence, namely Band 7/Band 38 in 3GPP context. Therefore the pathloss estimation is based on 2.6GHz. The report assumes 5MHz BW blocks to be used and TDD-Tx (aggressor) and FDD-Rx (victim) are placed with 5MHz gap space as shown in Figure.1.
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Figure. 1: Spectrum arrangement assumed in [1]
The report assumes a serving macro cell of 1000m radius and a “hot spot” (of population) in the cell, where population density is extra-ordinary high. The spot is 25m radius and the density is 1 person / 3m2. This means that the hot spot includes 655 persons. The table below summarizes the assumptions on user density:

	Item
	Assumption
	Numbers obtained

	Baseline population in the hot spot
	25*25*π/3
	655 (in 25m radius)

	Percentage of users in communication
	10%
	65

	Percentage of users using 2.6GHz
	50%
	32

	Share of FDD/TDD in 2.6GHz
	1:1
	FDD: 16 users, TDD: 16 users

	Active TDD users in a TDD cell (5MHz BW each)
	TDD Users uniformly distributed in 
8 (or 10?)  5MHz BW
	2


Table. 1: User/UE density assumptions made for the simulations
Thus, there are 2 TDD aggressors in the 25m radius in average who will give interference to an FDD user. An FDD user is randomly dropped within the 1km radius macro-cell and TDD users are randomly dropped within the hot spot circle (25m) centered by the FDD victim to calculate interference effects. 

4. Simulation result and evaluation
The following table summarizes the simulation results for various conditions/assumptions and shows how the current protection limit of -15.5dBm/5MHz comes up. As noted before, there are a couple of things which seem beyond a conventional evaluation method (indicated as in yellow or orange) that can be cautious when (re)using the results:

	Condition
	Required Tx OOB Values
	Note

	1dB desense with 2% users
	-54dBm/MHz
	Initial baseline

	Desense relaxed to 3dB
	-48dBm/MHz
	Give +6dB

	Suffered user relaxed to 5%
	-44dBm/MHz
	+4dB relaxation based on simulation result (Figure 15 of [1])

	(1)  6dB Intra-system Noise Rise 
considered
	-38dBm/MHz
	+6dB Noise Rise means 75% loading (interference) assumed in FDD DL

	3dB desense with 5% users(Baseline)
	-38dBm/MHz
	

	(2) TDD Tx and FDD Rx not always collided (Probability = 1/8)
	-27dBm/MHz
	11dB relaxation seems derived from simulation 

	(3) Averaging with other scenarios
	-22.5dBm/MHz =
-15.5dBm/5MHz
	Take average with: R=25m/ 1 user and R=50m/ 2 user cases : 4.5dB relaxation added


Table. 2 :  Protection Requirements and Relevant Conditions
Firstly, normally quality criterion is set by I/N where I is interference only caused by aggressors and N is the noise floor of an Rx-UE. On the contrary, the report includes intra-system DL-interference (i.e., interference coming from the serving and surrounding BSs) into noise floor. As desense of this type happens regardless of DL load of the serving or surrounding cells of the victim (and target DL noise rise is up to operator’s policy), the conventional approach may have rationality.
[Observation 1] The ECC report includes Intra-system DL Noise Rise for desense evaluation. Considering the nature of the interference considered, the conventional approach may be rational.
Secondary, the assumption of collision (=interference) probability (2) may be rational for some cases. It is up to target RATs or configurations to be considered. The report mentions that there might be the cases where this collision assumption is not valid and indicates two figures, always collided and 1/8 of packets collided. The author simply wants to draw reader’s attention on the consideration of this type and the fact that the final value takes into account 1/8 collision instead of full collision as shown in Table 2 and 3.
[Observation 2] The ECC report considers Tx-Rx collision probability. This could be valuable in some scenarios. 
Thirdly, in (3), two additional cases are calculated and averaged out to obtain -22.5dBm/MHz. It is quite hard to understand because this averaging actually denies the validity of density/activity assumptions made so far (in section 4 of this paper). The report does not say a reason why the averaging is necessary. It says that:

“It is evident that, while such TS densities might be plausible in very high-density hot-spots, these occur rarely, and where they might occur regularly, it is likely that the terminals would be serviced by pico-cells rather than macro-cells.

For the above reasons, it is interesting to evaluate the TS BEM baseline levels required in what might be considered to be more typical geometries experienced across a macro-cell, as described in Table 8 and Figure 18.”
It sounds like that the assumptions made thus far is inadequate. The results of two added cases are summarized in the table below and it is apparent that the finally proposed value is close to R=25m with 1 aggressor, rather than R=25m with 2 aggressors that the report discussed its justification in advance. 

	Scenario
	Tx-Rx Collision Prob = 1
	Tx-Rx Collision Prob =1/8

	R=25m, Active TDD User=2 (baseline)
	-38dBm/MHz
	-27dBm/MHz

	R=25m, Active TDD User=1
	-33.5dBm/MHz
	-20.7dBm/MHz

	R=50m, Active TDD User=2
	-29.4dBm/MHz
	-15.9dBm/MHz

	Average of 3 cases
	-34dBm/MHz (-27dBm/5MHz)
	-22.5dBm/MHz (-15.5dBm/5MHz)


Table. 3 :  Different scenarios considered and relevant results

 [Observation 3] The ECC report does averaging of two additional results to obtain the final results. It is seen without sufficient justification to select other models and on averaging itself.
Finally, one more thing to point out is that UE-UE pathloss is not based on plain d-2 law, but follows d-3.5 law for more than 5m separation portion which was originally proposed in 802.11 [3] for NLOS environment. If the averaged value above reduces the density of population in the hot spot, the validity to apply the 802.11 NLOS pathloss formula might be revisited.
[Observation 4] The report assumes NLOS pathloss (d-3.5) where distance between a victim and an aggressor is more than 5m.

5. Conclusion
This paper is to revisit how -15.5dBm/5MHz was derived which can be regarded as a “default” value for side-by-side spectrum deployments. As observed in section 4, the value is derived under various assumptions and some of them do not seem familiar for co-existence practices so far. In addition, not to mention, the report assumes pathloss of 2.6GHz. So it is slightly risky to adopt relevant values alone without sufficient investigation, for example whether the observations 1-4 can be justified for the case to be considered. 
[Conclusion 1] It is risky to dead-copy the value without sufficient investigation. Justification is needed whether the value can be applied for a case considered
In the long run, however, protection requirements are based on the mutual agreements/compromises between aggressor(s) and victim(s). Thus the author does not intend to object to use the same logic/value for some cases as long as there is common understanding/consensus among the parties involved. As a conclusion, while the author would like to warn the dead-copy of values without sufficient consideration, at the same time hopes that the contribution be a help to prompt the agreements among the parties.
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