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1. Introduction
In the last HNB ad-hoc it was agreed to add a maximum output power requirement as a function of co-channel / adjacent channel input conditions for the Home BS class [2]. A corresponding Note has been added to TS 25.104, Table 6.0A: Base Station rated output power [2].
We focus here on the DL adjacent channel scenario which we consider the most critical one to progress the work. 

We build upon the work in [4,5] and provide TPs for TS 25.104 and TS 25.141.
2. Discussion

2.1 Impact of HNB(MNB DL adjacent channel interference

Figure 1. Adjacent channel deadzone size, FSPL, ACIR = 33 dB, CPICH Ec/Io = -18 dB, HNB, Pmax = 7.5 dBm
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Figure 1 shows the DL adjacent channel deadzone sizes using FSPL around a HNB with Pmax = 7.5 dBm and 0 dBi HNB antenna gain as a function of the CPICH Êc (RSCP) on the adjacent channel macro cell. Noticeable deadzones can occur if the HNB is located at the edge of the macro cell (RSCP = -90 … -110 dBm). With the currently assumed HNB Prat = 20 dBm the problem could be far worse, even under more favourable ACIR assumptions. 

We therefore support the decision in RAN4#48 to add a HNB maximum output power requirement as a function of adjacent channel input conditions into TS 25.104 and we will build upon the work in [4,5].
2.2 Summary of the proposal in [4,5] for an adjacent channel protection requirement in TS 25.104
In a nutshell the proposal in [4,5] can be summarized as follows:
1) Two requirement points, labelled A) and B), with a 10 dB difference for CPICH Êc, respectively, Îor are proposed.

2) The HNB measures the strongest adjacent channel (macro) BS CPICH Êc (i.e. RSCP) and assumes the same value will also be present at the MUE

3) Assuming a maximum allowed deadzone radius equivalent to 47 dB MCL and an ACIR = 33, the HNB sets the maximum TX power in such a way that the MUE will experience a CPICH Ec/Io = -18 dB at the edge of the deadzone. 0 dBi HNB antenna gain and no transmit diversity or MIMO are assumed in this computation.
4) In the computation in step 3) Io = Îor, i.e. Ioc = 0 is assumed. Hence the assumption regarding geometry, Îor/Ioc, is not entirely realistic. It should be noted that this parameter does affect the appropriate HNB maximum TX power as will be shown shortly
5) A margin of ~1.75 dB was added to the maximum TX power obtained in step 3)
6) Also a requirement for the minimum TX power, based on co-channel co-existence and HNB coverage considerations is proposed; however, this aspect is not pertinent to adjacent channel protection and will be skipped in this paper.

We basically concur with this methodology, however, would like to add a further requirement point and propose to change some details in terms of the operating points and the missing assumption regarding geometry, Îor/Ioc. This will be elaborated in the following sections.

The following Tables 1 a, b) show the computations as per [4,5]. We also use the symbols defined in TS 25.133 which are more appropriate for a formal definition of the DL side conditions.  Îor/Ioc is set to 100 dB.
Table 1 a), b) Proposal in [4,5]
[image: image2.emf]PL [HNB, MUE] to MNB 125 dB

MNB total TX power 40 dBm

MNB CPICH Ec 33 dBm

HNB TX power 5.65 dBm

PL HNB - MUE at deadzone edge 47 dB

ACLR 33 dB

ACI at deadzone edge -74.35 dBm

CPICH Ec/Ior -7 dB

CPICH Êc -92 dBm

OCNS -0.97 dB

Îor -85 dBm/3.84 MHz

Ior 40 dBm/3.84 MHz

Ioc -185 dBm/3.84 MHz

Io w/o ACI (at HNB antenna input) -85.00 dBm/3.84 MHz

estimated MUE Io with ACI and No -73.98 dBm/3.84 MHz

Îor/Ioc 100 dB

CPICH Ec/Io w/o ACI (at HNB antenna input)

-7.00 dB

estimated MUE CPICH Ec/Io with ACI at the 

deadzone edge

-18.02 dB

Close to R4-02019, Condition A

[image: image3.emf]PL [HNB, MUE] to MNB 115 dB

MNB total TX power 40 dBm

MNB CPICH Ec 33 dBm

HNB TX power 15.65 dBm

PL HNB - MUE at deadzone edge 47 dB

ACLR 33 dB

ACI at deadzone edge -64.35 dBm

CPICH Ec/Ior -7 dB

CPICH Êc -82 dBm

OCNS -0.97 dB

Îor -75 dBm/3.84 MHz

Ior 40 dBm/3.84 MHz

Ioc -175 dBm/3.84 MHz

Io w/o ACI (at HNB antenna input) -75.00 dBm/3.84 MHz

estimated MUE Io with ACI and No -63.99 dBm/3.84 MHz

Îor/Ioc 100 dB

CPICH Ec/Io w/o ACI (at HNB antenna input)

-7.00 dB

estimated MUE CPICH Ec/Io with ACI at the 

deadzone edge

-18.01 dB

Close to R4-02019, Condition B


2.3 Rationale for the maximum output power requirement for adjacent channel protection

2.3.1 Allowed size of the deadzone; HNB – MUE MCL 
HNB – MUE MCL is the most critical parameter to set as the PL depends very sensitively on the allowed deadzone size as shown in Fig. 2 for FSPL and 0 dBi HNB antenna gain. This MCL translates 1:1 into the allowed HNB maximum output power and dominates all other assumptions. Hence, the allowed deadzone size needs to be set with care.
[4,5] assumed 47 dB PL, corresponding to 2.7 m deadzone size assuming 0 dBi HNB antenna gain. We are OK with these assumptions; however, for an additional requirement point with a low CPICH Êc (RSCP) = -102 dBm we propose to relax this to 52 dB (or close to 4.75 m FSPL). This relaxation may be justified by the fact that such low CPICH Êc (RSCP) levels will occur less often (see the RSCP CDF plot in the following section). 
Figure 2. FSPL vs. distance MUE – HNB, 0 dBi HNB antenna gain
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2.3.2 Assumptions on HNB – MNB PL and CPICH Êc (RSCP) levels

[4,5] assumed a HNB – MNB PL of 115 dB and 125 dB respectively, resulting in a CPICH Êc (RSCP) of -82 dBm and -92 dBm, respectively (see Table 1 a), b)). 
Looking at the CDF of CPICH Êc (RSCP) in Figure 3, copied from [1], we notice that RSCP levels < -100 dBm may still have a ~10 % chance of occurring, depending on the actual network layout. 

Furthermore, the RSCP measurement range with defined accuracy as specified in TS 25.133 extends down to -114 dBm (Band I), hence perhaps the CPICH Êc requirement should be defined closer towards that limit, as RSCP measurement errors will impact the resulting HNB TX power and are not covered elsewhere. 
Therefore we prefer to add a “noise limited” scenario with a CPICH Êc = -102 dBm, i.e. HNB – MNB PL of 135 dB and with a geometry of Îor/Ioc = 0 dB as one of the requirement points. This results in a 0 dBm maximum TX power limit for the HNB. Operator feedback on this proposal is welcome as this may reduce the HNB coverage area.
Figure 3. Distribution of P-CPICH RSCP, from [1]
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2.3.3 Assumptions on Geometry Îor/Ioc
As stated already above, Io = Îor, i.e. Ioc = 0 is assumed in [4,5] for both requirement points. This corresponds to an isolated cell scenario with no other-cell interference. This is not a realistic assumption and leads to too aggressive HNB TX power settings: ideally, the HNB should estimate the Io present at the MUE in order to achieve the  CPICH Ec/Io = -18 dB target at the edge of the deadzone. Any other other-cell interference, Ioc, present at the MUE will “eat” from the allowed adjacent cell interference budget available to the HNB. 
While this effect of geometry (low vs. high) on the allowed HNB maximum output power is not very strong, i.e. in the order of some 2 … 3 dB for the scenarios discussed here, we nevertheless think that at least one of the requirement points should be sensitive to low geometry conditions for the MUE. Hence we propose also an “interference limited” scenario with a geometry of  Îor/Ioc = -6 dB, together with a HNB – MNB PL 125 dB (as proposed in [4,5]).
Note that making the requirements sensitive to non-zero Ioc does not force a HNB implementation to actually measure the adjacent macro cell CPICH Ec/Io, it merely forces the HNB power control algorithm to take the possible presence other-cell interference around the MUE into account when setting its maximum output power.
2.3.4 Detailed proposal the requirement points
To summarize the discussion, following Tables 2 a, b, c) show our proposal for the requirements on HNB maximum output power for HNB without transmit diversity or MIMO:
Table 2 a), b) c) Proposed requirements
[image: image6.emf]PL [HNB, MUE] to MNB 125 dB

MNB total TX power 40 dBm

MNB CPICH Ec 33 dBm

HNB TX power 5.5 dBm

PL HNB - MUE at deadzone edge 47 dB

ACLR 33 dB

ACI at deadzone edge -74.5 dBm

CPICH Ec/Ior -7 dB

CPICH Êc -92 dBm

OCNS -0.97 dB

Îor -85 dBm/3.84 MHz

Ior 40 dBm/3.84 MHz

Ioc -91 dBm/3.84 MHz

Io w/o ACI (at HNB antenna input) -84.03 dBm/3.84 MHz

estimated MUE Io with ACI and No -74.03 dBm/3.84 MHz

Îor/Ioc 6 dB

CPICH Ec/Io w/o ACI (at HNB antenna input)

-7.97 dB

estimated MUE CPICH Ec/Io with ACI at the 

deadzone edge

-17.97 dB

Revised R4-02019, Condition A

 [image: image7.emf]PL [HNB, MUE] to MNB 115 dB

MNB total TX power 40 dBm

MNB CPICH Ec 33 dBm

HNB TX power 13.8 dBm

PL HNB - MUE at deadzone edge 47 dB

ACLR 33 dB

ACI at deadzone edge -66.2 dBm

CPICH Ec/Ior -7 dB

CPICH Êc -82 dBm

OCNS -0.97 dB

Îor -75 dBm/3.84 MHz

Ior 40 dBm/3.84 MHz

Ioc -69 dBm/3.84 MHz

Io w/o ACI (at HNB antenna input) -68.03 dBm/3.84 MHz

estimated MUE Io with ACI and No -64.01 dBm/3.84 MHz

Îor/Ioc -6 dB

CPICH Ec/Io w/o ACI (at HNB antenna input)

-13.97 dB

estimated MUE CPICH Ec/Io with ACI at the 

deadzone edge

-17.99 dB

Revised R4-02019, Condition B


[image: image8.emf]PL [HNB, MUE] to MNB 135 dB

MNB total TX power 40 dBm

MNB CPICH Ec 33 dBm

HNB TX power 0 dBm

PL HNB - MUE at deadzone edge 52 dB

ACLR 33 dB

ACI at deadzone edge -85 dBm

CPICH Ec/Ior -7 dB

CPICH Êc -102 dBm

OCNS -0.97 dB

Îor -95 dBm/3.84 MHz

Ior 40 dBm/3.84 MHz

Ioc -95 dBm/3.84 MHz

Io w/o ACI (at HNB antenna input) -91.99 dBm/3.84 MHz

estimated MUE Io with ACI and No -84.07 dBm/3.84 MHz

Îor/Ioc 0 dB

CPICH Ec/Io w/o ACI (at HNB antenna input)

-10.01 dB

estimated MUE CPICH Ec/Io with ACI at the 

deadzone edge

-17.93 dB

Proposed additional condition A', HNB at MNB cell edge, noise limited


To define the DL adjacent channel side conditions for the requirement, it’s sufficient to specify the following 3 parameters accordingly:

· CPICH Ec/Ior
· Ioc 

· Îor/Ioc

2.3.5 Assumptions on propagation conditions

We believe that AWGN propagation conditions are appropriate for HNB maximum output power requirements and this should explicitly be stated within the normative requirement.
2.3.6 Assumptions on tolerances for HNB Maximum output Power

We propose to specify limits on HNB Maximum output Power as function of the side conditions as discussed above. 
Maximum output power, Pmax, is defined in TS 25.104, 6.2.1 as follows:

Maximum output Power: The mean power level per carrier of the base station measured at the antenna connector in a specified reference condition.
In TS 25.104, 6.2.1.1 we take note of the following tolerances defined for Pmax:
In normal conditions, the Base station maximum output power shall remain within +2 dB and -2dB of the manufacturer's rated output power.

In extreme conditions, the Base station maximum output power shall remain within +2.5 dB and -2.5 dB of the manufacturer's rated output power.
We propose to use the same +2 dB (2.5 dB) tolerances on HNB Maximum output power requirement with adjacent channel side conditions. No further “margins” shall be added to the requirement points.
2.4 Requirement proposal for adjacent channel protection in TS 25.104
A corresponding TP for the adaptive maximum output power requirement for Home BS class for TS 25.104 [2] is provided in the Annex A.

2.5 Proposal for informative test-like descriptions for TS 25.141

Due to the following reasons we don’t consider it appropriate to define a normative (formal) test case for the proposed adjacent channel protection requirement: 
· There should be some flexibility regarding the HNB DL channel setup for triggering the allowed Pmax (under the given side conditions). E.g. actual power controlled DL channels towards test UEs or OCNS “dummy” traffic (or a mixture of both) are viable. Use of TMs may not necessarily be the best choice.
· The proposed adjacent channel protection requirement is by it’s nature not suited as a BS type-approval requirement, as in reality, also related OAM parameters (e.g. the frequency of the activation of the measurement receiver) will play a role ensuring it’s effectiveness.
Hence we consider informative test-like descriptions, similar in style to Annex H of TS 25.141, a better way forward.
A corresponding TP for informative test-like descriptions for TS 25.141 is provided in the Annex B.
3. Proposal

This contribution shows how the Home NodeB adaptive transmit power requirement for adjacent channel protection could be specified in TS 25.104 [2]. Required changes are shown in the Annex A. If RAN4 considers this an agreeable way forward corresponding CRs can be provided. The same holds for the corresponding TP regarding TS 25.141.
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6.2
Base station output power

Output power, Pout, of the base station is the mean power of one carrier delivered to a load with resistance equal to the nominal load impedance of the transmitter.

Rated output power, PRAT, of the base station is the mean power level per carrier that the manufacturer has declared to be available at the antenna connector.

6.2.1
Base station maximum output power

Maximum output power, Pmax, of the base station is the mean power level per carrier measured at the antenna connector in specified reference condition.
The rated output power, PRAT, of the BS shall be as specified in Table 6.0A.

Table 6.0A: Base Station rated output power
	BS class
	PRAT

	Wide Area BS
	- (note)

	Medium Range BS
	< +38 dBm

	Local Area BS
	< + 24 dBm

	Home BS
	< + 20 dBm (without transmit diversity or MIMO)

< + 17 dBm (with transmit diversity or MIMO)

	NOTE:
There is no upper limit required for the rated output power of the Wide Area Base Station like for the base station for General Purpose application in Release 99, 4, and 5.



6.2.1.1
Minimum requirement

In normal conditions, the Base station maximum output power shall remain within +2 dB and -2dB of the manufacturer's rated output power.

In extreme conditions, the Base station maximum output power shall remain within +2.5 dB and -2.5 dB of the manufacturer's rated output power.

In certain regions, the minimum requirement for normal conditions may apply also for some conditions outside the range of conditions defined as normal.
6.2.2
Base station maximum output power for adjacent channel protection

These requirements shall be applied for the protection of UTRA UE operating on adjacent channels in the same geographical area. These requirements are only applicable to Home BS. 
The maximum output power, Pmax, of the Home BS shall be as specified in Table 6.0B under the specified side conditions on any of the adjacent channels. The quantities specified in Table 6.0 as side conditions are defined in [8], Clause 3.2 and shall apply at the Home BS antenna connector for AWGN radio propagation conditions.

Table 6.0B: Home BS maximum output power for adjacent channel protection
	CPICH Ec/Ior
	Ioc
	Îor/Io
	Maximum output power, Pmax
(without transmit diversity or MIMO)
	Maximum output power, Pmax

(with transmit diversity or MIMO)

	[-7] dB
	[-95] dBm
	[0] dB
	< 0 dBm
	< -3 dBm

	[-7] dB
	[-91] dBm
	[6] dB
	< +5.5 dBm
	< +2.5 dBm

	[-7] dB
	[-69] dBm
	[-6] dB
	< +13.8 dBm
	< +10.8 dBm


6.2.2.1
Minimum requirement

In normal conditions, the Home Base station maximum output power shall remain within +2 dB of the value specified in Table 6.0B.

In extreme conditions, the Home Base station maximum output power shall remain within +2.5 dB of the value specified in Table 6.0B.
Annex B, Text proposal for TS 25.141

Annex I (Informative):
Home BS Test Cases

I.1

Purpose of Annex

This Annex specifies test procedures for the requirements in clause 6.2.2 of TS 25.104 for the Home BS class. These tests procedures provide additional information how the requirements should be tested. 

I.2

Base station maximum output power for adjacent channel protection
1)
Configure and set the BS to transmit with the maximum transmission power and measure the output power at the antenna connector, PMTP. Maximum transmission power is the mean power on one carrier measured at the antenna connector with the code level settings that according to the base station manufacturer will result in an output power of nominally the maximum output power in a specified reference condition. Verify that the requirements of TS 25.104 clause 6.2.1 are met.

2) 
Prepare the DL side conditions (CPICH Ec/Ior, Ioc, Îor/Io) according to TS 25.104 clause 6.2.2 on one of the adjacent channels. AWGN radio propagation conditions shall be used.
3) 
Trigger the BS to perform adjacent channel measurements.
4)
Configure and set the BS to transmit with the maximum transmission power. Operate the BS in closed loop power control until the output power has reached a stable state. Measure the output power, Pout, at the antenna connector. In case of TX diversity or MIMO transmission both branches need to be measured in order to find out which one is the highest.
5)  Check that the Pout meets the requirement in TS 25.104 clause 6.2.2.1 


6) 
Repeat steps 1) to 5) with the DL side conditions in step 2) connected to the other adjacent channel
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