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1. Introduction

Three classes for FDD BS classification were agreed to be added into TR 25.951 during RAN WG4#21 [1]. Reference [2] presents some indications for In-band blocking, Adjacent channel selectivity, Intermodulation characteristics and Reference sensitivity level for the new Medium range BS class. Anyhow the values stated in [2] were to be taken as first indications only and not as a requirement proposals at this stage. In this document we present our considerations in order to get reasonable starting assumptions for the way forward.

2. Discussion

When new BS classes are defined the benefits including, e.g., possibility to more cost efficient solutions and/or noticeably improved performance, should be the main criteria to decide new requirements. Considering the requirements for a Medium range BS class we need to discuss the characteristics of BS performance in a microcellular environment. 

In the following analysis we try to indicate that the current requirements for a general class in fact apply well (and are maybe even optimum) also for the medium range BS for the most probable (practical) use cases encountered in microcellular networks. The analysis presented is by no means complete but it will show the need to carefully consider which kind of new requirements are reasonable and beneficial for the proposed new BS class.   

2.1 Noise Rise

Noise rise for UL in Macro cell environment includes own cell and other-to-own cell interference with the same frequency. This is dependent on the traffic load in the own cell and neighboring cells. In the case of coverage limited deployment Noise Rise in Macro cell should be considered to be 2-3 dB. A value comparable to high load (75% pole capacity) is 6 dB.
If we consider Thermal noise level for 3.84MHz  (= -108dBm) + Node B Noise Factor (NF = 5dB) = -103dBm (noise floor without load), and add up the noise rise 2dB … 5dB, we get reference noise level in the range –101dBm … 98dBm in macro cells.

Next we analyse in more detail the Noise rise for UL In Micro cell environment. Additional factors that may affect more notably to the noise rise include Adjacent channel interference and limited power control dynamic range.

The most important and a typical scenario for adjacent channel interference could be a UE at the edge of a macrocell transmitting high power in UL close to a microcell BS. However, at the same time, the mobile is receiving interference from the micro cell base station on the adjacent carrier in DL. This can lead to DL blocking of an interfering UE thus reducing the overall level of adjacent channel interference to microcell BS. A detailed anaysis is presented in the Appendix A of this document. As a result a noise rise is 0.4dB …2 dB depending on the bit rate in the UL (12.2kbps … 144kbps). Simulations for a similar scenario with UL bit rate 12.2kbps are presented on pages 146-150 in reference [4]. Simulations indicate a Noise rise  0.2dB ... 0.5dB.
Our analytical study and simulation results from the realistic micro/macro network, indicates that the additional noise rise in microcells due to other operator macrocells are relatively small (<2dB in the worst case). The main reason for this is the effect of DL blocking.

Effect of the limited power control dynamic range of a UE can be calculated as UE TxPwr_min – Minimum Coupling Loss for microcells = -50dBm – 53dB = -103dBm. This does not worsen sensitivity of microcell BS noticeably. 

2.2 Sensitivity of a Medium Range (Micro) BS 

When we assess a need for a micro BS sensitivity degradation it is extremely important to notice that enough sensitivity is needed in micro cells in order to achieve a good indoor coverage with realistic micro cells densities (<30 sites / km2), especially in case of high bit rates. The density of 72 sites / km2 is proposed in [3]. Poor sensitivity affects microcell capacity remarkably in these thermal noise limited cases. To compensate this a more dense microcell network is needed which may disrupt the business case of microcells usage altogether. 

If the microcell density is much larger than 30 sites /km2 the network is interference limited and the thermal noise level of the base station does not effect the capacity. It is, however, questionable how realistic it is to consider such an extremely dense microcellular networks as a reference case.
To conclude discussion on BS sensitivity we think there is no need to loosen micro BS sensitivity as much as 10dB proposed in [2].   
2.3 Adjacent Channel Selectivity of a Medium Range (Micro) BS

Reference [2] is considering parameter proposals for FDD medium-range (micro) BS class. Our understanding is that the reasoning for ACS value is maybe in an inadequate basis. If ACS is increased by 17dB, but UE ACLR is not tightened, ACIR = 1/UE ACLR +1/BS ACS improves only 0.2 dB compared to the macro case. Therefore, it seems that improvement  to BS ACS does not bring any benefits.

3. Conclusion

When new BS classes are defined the benefits including, e.g., possibility to more cost efficient solutions and/or noticeably improved performance, should be the main criteria to decide new requirements. Also realistic intermediate scenario and not the worst-case scenario should be used in the analysis. 

Noise rise proposals (<2dB) are presented in this document but more simulations should be performed to define final requirements for different classes. The same methodology used here may possibly be utilized also to define a noise rise value for the Local area BS class.

According to the findings of this paper the current requirements of a General class (Wide Area) BS seem to apply without major changes also for the medium range BS in the most probable use cases encountered in microcellular networks. 
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5. Appendix A

The additional uplink noise rise in WCDMA FDD microcell base station due to adjacent channel operation has been computed here. The basic scenario has been shown in Figure 1. 
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Figure 1. Micro and macrocells operation at adjacent frequency bands.

The required power for the macrocell user can be computed by the equation:
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(1)
where pm is the power allocated to the macrocell user, Lm is the pathloss from the macrocell antenna to the mobile, P( is the power of the micro BS, L( is the pathloss from micro base station to the mobile and ACIR_DL is the adjacent channel interferenece in the downlink. R is the DL bit-rate, W is the chip rate and ( is the Eb/N0 target for the DL bit-rate R. Assuming that the most of the interference comes from the other operator's microcell the pathloss for which the macrocell link is still working can be written as:


[image: image3.wmf]m

m

p

P

DL

ACIR

W

L

R

L

m

m

r

_

×

×

×

³








(2)

The worst case uplink interference at the micro BS can be therefore computed as:
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(3)

The mobile station power can be therefore written as:
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(4)
where IUL is the total interference level of the macrocell. RUL is the uplink bit-rate, (UL is the uplink Eb/N0 target. By inserting (4) to (3), we will get:
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The DL dedicated channel power in macrocell can be written as:
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(7)

where ( is the power adjustment parameter; when (=1 (0 dB), the reference service is given the same power as for the pilot channel, when (=2 (3 db), for instance, the reference service is given 3 dB less power than for the pilot.  The interference can be then written as:
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(8)

where Rref, (ref are DL parameters of the reference RAB. What we can notice from (8) is that the interference in UL in micro is independent on the pathloss between macro and micro.

Consider now two cases with different UL bit rates of macro cell UE (12.2kbps and 144kbps). 

First case:  

Ppilot=33 dBm

(=1

Rref=12.2 kbps

(UL=5dB

(ref=8dB

RUL=12.2kbps

ACIR_DL/ACIR_UL=-3 dB;

P(=37 dBm
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(9)

Assuming the same basic operating point for the micro and the macro base stations the noise power at the micro base station is 1.1(IUL which means 0.4 dB power increase compared to macro. 

Second case:

RUL=144kbps

(UL=2dB

Other parameters are the same than in the first case. 
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The noise level at the micro BS is 1.6(IUL which means about 2 dB noise increase compared to macro.
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