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1. Introduction

In this contribution we discuss various aspects related to the Rel-11 WI on Further Enhanced Non-CA Based ICIC for LTE. In particular, we discuss operating FeICIC with low power ABS (LP-ABS) as mentioned on income LS [1], comparing to the traditional Rel-10 case where the aim was to have zero-power in ABS for data transmission (PDSCH), and focus on the impact of LP-ABS to the RAN4 RF requirements.
2. Rel-11 discussion of reduced transmit power ABS
In Rel.10, the common understanding is that a cell having ABS transmission does not schedule data transmission for its users in the downlink, thus referred as zero-power transmission. While ABS definition in TS 36.300[2] is a bit more relaxed and does in principle not prevent scheduling of data transmission to users with reduced power during ABS. 

Although the concept of reduced transmit power ABS was widely addressed at RAN1#67 for Rel.11 FeICIC, no conclusion was reached on the exact definition of such a scheme, as well as what it requires in terms of standardization. However, there seems to be general consensus that during lower power ABS (LP-ABS), the cell still schedule users in the downlink, but with reduced power for data transmission. However, the CRS will still have to be transmitted with full power to avoid time-variant CRS transmission power fluctuations depending on whether the cell is transmitting normal sub-frame or LP-ABS. The avoidance of CRS fluctuations is needed to maintain the UE measurement performance.
Lower power ABS (LP-ABS) summary is as follows:
· CRS is transmitted with constant power – same in LP-ABS and in normal sub-frames
· PDSCH, PDCCH, PCHICH, PCFICH, DM-RS, CSI-RS is transmitted with reduced power in LP-ABS. 

· If PSS/SSS/PBCH/SIB1/Paging/PRS coincide with an LP-ABS, they are transmitted in the LP-ABS without power reduction (with associated PDCCH when the SIB1/Paging is transmitted) 

· The power reduction is semi-statically configured for all LP-ABS (relative to normal subframe transmission).
The expected gain is for cell-edge throughput [3][4], average spectral efficiency gain [5] and higher mean throughput gain [6].
4. Reduction limitation and impact to RF requirements
BS will reduce power from the maximum output power on LP-ABS sub-frames instead of zero-power transmission. The allowed power reduction for LP-ABS will also have to be further studied and agreed. Some initial discussions in [3-10], etc mention the relevant considerations on CRE value, ABS ratio and channel model. Majority view is that the power reduction should be as much as the CRE bias, to overcome the interference due to CRE. And 6~24dB reduction were investigated by different companies. In additional, LS [1] mentions the further work (e.g. cell detection, measurements/reporting) under assumptions of 9 dB CRE bias.  

The interference level from LP-ABS SF to CRE UE of victim cell should also be checked to ensure no severe interference occurs. Otherwise, the utilization of ABS with low power will not serve the initial purpose of ABS for interference avoidance. In addition, we also think it is important to take eNB RF requirements into account as reducing the value will be limited by RF requirements. 
There are two cases of OFDMA symbols (OS) in the LP-ABS SF, shown in the following figure:
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Figure 1: case 1 and case 2 OSs in LP-ABS SF
In Case1, all the REs’ power is equally reduced in a single OS, and in Case2, only part of REs’ power is reduced in a single OS, while other REs (e.g. CRS REs, colliding PSS/SSS/PBCH/SIB1/Paging/PRS) remain their power.

· In case 1, the actual RF power is also reduced with the same level of reduced power in RE.  

· In case2, the ratio of non-power reduction REs v.s. power reduction REs decides the actual RF power. 
New dynamic range and new power declarations
In 3GPP, two types of BS transmitter dynamic ranges are specified, i.e. the BS total power dynamic range and the RE power control dynamic range. Clipping noise is the major limitation for dynamic range on top end. Normally the RF chain is designed to be linear up to the declared maximum power level, e.g. 40 W, but clipping starts to add noise after certain power level (e.g. 20W). In addition, the EVM requirements are met at the declared maximum power level. 

· So below certain power level (e.g. 20W of RF total power) or at least 3dB average power reduction on each RE (possible for both case 1 and case 2 OSs), clipping noise absolute level is not significant but new dynamic range need to be specified and new test cases reflecting the new dynamic range should be specified to support LP-ABS. 
· But for 20 to 40W power levels (i.e. 50 to 100% of PMAX, e.g. average power reducing for 3~0dB on each RE), support for LP-ABS may be limited since more clipping noise is generated as RF power level increases, that in turn degrades the EVM and reduces the LP-ABS achievable dynamic range for reduced REs. Current RE range is applicable up to Pmax and EVM requirements for E-TM3.1, E-TM3.2 and E-TM3.3 are fulfilled. For LP-ABS with case 2 OS increased RE dynamic range is needed and one way to achieve it is by reducing the LP-ABS carrier power and hence lowering the EVM especially for power reduced REs. 
· The new dynamic range and relevant test cases are still needed, but the new dynamic range may need to consider RF limitation, e.g. new Pmax for LP-ABS case, and the new Pmax quite depends on the real ratio of non-power reduction REs v.s. power reduction REs. 
· Thus the ratio of non-power reduction REs v.s. power reduction REs also needs to be defined for new test cases, otherwise this could affect achievable RE dynamic range for LP-ABS. 
· The power reduction for LP-ABS will change the declared maximum transmission power on LP-ABS SFs, the new declared maximum transmission power on LP-ABS SFs will be lower than the declared maximum transmission power on normal SFs. The new declaration may be useful for UE decoding as well as simply finding out what percentage of carriers need to be degraded. While it is complex to get the accurate value even for single carrier considering the case 2 OFDM symbols. 
· As for the total power dynamic range, that is the difference between the power of an RE and the average RE power for a BS at maximum output power for a specified reference condition. And according to the total power dynamic range definition, where:  

· The upper limit of the dynamic range is the OFDM symbol power for a BS at original maximum output power, e.g. 46dBm; 
· The lower limit of the dynamic range is the OFDM symbol power for a BS when one resource block is transmitted on the reduced power, e.g. if the original one resource block (using 64QAM modulation scheme) transmission power is 26dBm (considering the 20dB orginal dynamic range for 20MHz BW), and now the concerned RB in LP-ABS SF on reduced power may be 17dBm (considering additional 9dB power reduction), thus the total power dynamic range may need to be enlarged to 29dB. 

· The OFDM symbol shall carry PDSCH and not contain RS, PBCH or synchronisation signals. That should only contain the case 1 OFDM symbol. 

· And the RE power control dynamic range is a different issue, when going below the current lowest ends of RE power control dynamic range, it depends on RF power level, and new dynamic range need to be specified. 
· For case 1 OFDM symbol, all the REs will simultaneously reduce power. New requirement and test cases need to be defined.

· For case 2 OFDM symbol, some REs will reduce power to the target level while others are still transmit at 0dB. Depends on the actual RF power, if the power level exceeds 20 W in single carrier case or roughly 30 W in multicarrier case (assuming 40 W PA), as previously mentioned, specifically there may be RF limitation exists for the largest possible RE dynamic range. And still new requirement and test cases need to be defined. 
Observation 1: New RE power control dynamic range would need to be specified for a BS supporting LP-ABS. Thus new relevant test cases based on new dynamic range would need to be introduced. In addition, the BS total power dynamic range would need to be enlarged and relevant test case would be needed as well. Specifically average power reducing for 0~3dB on each RE (most possible occurs for the case 2 OFDM symbol which has larger power reduction on PDSCH REs and non transmission power reduction on CRS, PBCH or other REs) will have RF design limitation for a larger dynamic range and an additional back-off may be needed to improve EVM of signal. Better EVM enables larger RE dynamic range.
Observation 2: New Declaration for maximum transmission power on LP-ABS SFs may be needed. But it is complex to get the accurate value even for single carrier considering the case 2 OFDM symbols.
Specific Considerations for Multiple Carriers 
Clipping is done in digital RF baseband. It is common and cost-efficient design for multiple carriers to combine the individual carriers in digital BB before clipper and single PA. In multicarrier cases the clipping noise signal is weighted using relative powers and bandwidths per carrier for scaling and finally distributed between carriers according to the relative powers and bandwidths.
This is problematic case for CA, multiple-carrier BS or MSR BS especially which do not have even power distribution or BW allocation between its different carriers, where the power reduced carrier may have lower weight on the LP-ABS SF while other carriers may get more clipping noise distribution. Whether the LP-ABS is supported in all carriers, or whether the reduced power is similar on each carrier, the BS needs to be checked with necessary power back-off and maximum transmission power value for LP-ABS SF on each carrier configuration. Hence each case would need to be checked but there are so many possibilities even with LTE (BW, power distribution, LP-ABS or not) and when adding WCDMA and GSM, things get even more complex.

Observation 3: Additional power back-off may be required for CA, multiple-carrer BS or MSR BS to fulfil existing requirements (e.g. EVM), which changes the current RF design. Thus additional evaluations are needed with multicarrier and MSR configurations for finding suitable power back-off and maximum transmission power value for LP-ABS cases.
From the above observations, and checking with the transmitter requirements and test cases for the base station as they are outlined by RAN4 specifications [11][12], it is found that the requirements for total power dynamic range, RE power control dynamic range, test models and the BS output power declaration would be impacted.

4.1 Dynamic Range and Test case

Currently, the RE Power control dynamic range of the transmitter chain is defined in section 36.104 as:
The RE power control dynamic range is the difference between the power of an RE and the average RE power for a BS at maximum output power for a specified reference condition. 
The minimum requirement of RE Power control dynamic range is defined as:
Table 6.3.1.1-1 of [11] E-UTRA BS RE power control dynamic range

	Modulation scheme used on the RE
	RE power control dynamic range (dB)

	
	 (down)
	 (up)

	QPSK (PDCCH)
	-6
	+4

	QPSK (PDSCH)
	-6
	+3

	16QAM (PDSCH)
	-3
	+3

	64QAM (PDSCH)
	0
	0

	NOTE 1: 
The output power per carrier shall always be less or equal to the maximum output power of the base station.


And the total power dynamic range is defined as:

The total power dynamic range is the difference between the maximum and the minimum transmit power of an OFDM symbol for a specified reference condition.

NOTE:
The upper limit of the dynamic range is the OFDM symbol power for a BS at maximum output power. The lower limit of the dynamic range is the OFDM symbol power for a BS when one resource block is transmitted. The OFDM symbol shall carry PDSCH and not contain RS, PBCH or synchronisation signals.
The minimum requirement is defined as follow:
Table 6.3.2.1-1 of [11] E-UTRA BS total power dynamic range

	E-UTRA

channel bandwidth (MHz)
	Total power dynamic range (dB)

	1.4
	7.7

	3
	11.7

	5
	13.9

	10
	16.9

	15
	18.7

	20
	20


There is currently no power control dynamics to allow for powering down during LP-ABS, and these requirements would need to be scaled according to the assumed maximum power reduction during these sub-frames. Depending on RAN1 agreements, this means that if LP-ABS is introduced, the requirements for the dynamic range may need to be increased by the amount corresponding to the additional power dynamics introduced on top of the current power dynamic range. 
For example, if the power reduction would be 9dB, the relevant modification to the RE power control requirements could be as follows:
Table 6.3.1.1-x of [11] E-UTRA BS RE power control dynamic range for LP-ABS

	Modulation scheme used on the RE
	RE power control dynamic range (dB)

	
	 (down)
	 (up)

	QPSK (PDCCH)
	[-9]
	+4

	QPSK (PDSCH)
	[-9]
	+3

	16QAM (PDSCH)
	[-9]
	+3

	64QAM (PDSCH)
	[-9]
	0

	NOTE 1:   The output power per carrier shall always be less or equal to the maximum output power of the base station.


Also the BS total power dynamic range needs to be ensured as follows:
Table 6.3.2.1-1 of [11] E-UTRA BS total power dynamic range

	E-UTRA

channel bandwidth (MHz)
	Total power dynamic range (dB)

	1.4
	7.7 + [9]

	3
	11.7 + [9]

	5
	13.9 + [9]

	10
	16.9 + [9]

	15
	18.7 + [9]

	20
	20 + [9]


Changing existing requirements in 36.104[11] would have significant impact on test cases in 36.141[12]. The test methods on 6.3.2.4 of [12] need to be updated with new total power dynamic range as well. New test models would be introduced covering lowest value of RE power control dynamic range for PDSCH (different modulation schemes) and PDCCH, in order to verify the existing requirements are fulfilled (e.g. EVM). Currently the following test models are used in 36.141[12]:

· E-TM3.1 for 64QAM used for total power dynamic range, EVM and frequency error test cases
· E-TM3.2 for 16QAM used for EVM and frequency error test cases
· E-TM3.3 for QPSK used for EVM and frequency error test cases
4.2 Declaration of new BS output power and impacted test cases
Current E-TMs are supported with full RF power both in single standard and MSR configurations. With the introduction of LP-ABS, the additional parameter rated output power (Pmax,c, LP-ABS) for LP-ABS SF of affected E-UTRA carriers may need to be decreased by several dBs depending on used carrier configuration. Affect to maximum total output power (Pmax, LP-ABS) is also carrier configuration dependent more detailed calculations and simulations case by case would be required to define the suitable value. New BS declarations would be needed for BSs supporting LP-ABS:

· Maximum total output power (Pmax, LP-ABS) in case of LP-ABS

· Maximum output power (Pmax,c, LP-ABS) in case of LP-ABS
That approach would increase significantly the number of supported configurations. It should be noted introduction of new parameters would be applicable not only to LTE BSs but also to MSR BSs.
As affront mentioned, there are so many cases to be checked with, whether the LP-ABS is supported in all carriers or part of the carriers, whether the carrier bandwidth is even or uneven between different carriers, whether the reduced power is similar on each carrier or not. And when adding WCDMA and GSM, things get even more complex for check the necessary power back-off and maximum transmission power value for LP-ABS SF on each carrier configurations. 
Proposal: Based on the above, we would suggest that RAN4 shall evaluate the LP-ABS power reduction limitation and minimize the impacts to the RF requirements and test cases. RAN4 needs to send a liaison to RAN1 to explain the consequence of introducing this LP-ABS concept. Power reduction limitation and impacts to requirements shall be taken into account.
4.3 To avoid any impact to current requirements and RF designs
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Figure 2: Power UP and Down limitation permitted by RE Power Control Dynamic Range

If avoiding any impact to current requirement, to follow the current BS RE power control dynamic range requirements, the maximum power reduction permitted is 6dB for QPSK PDSCH/PDCCH or 3dB for 16QAM PDSCH.

Observation 4: To avoid impact to current requirements, the maximum power reduction is 6dB for QPSK PDSCH/PDCCH or 3dB for 16QAM PDSCH. And for 64QAM PDSCH, there is no power reduction allowed.
5. Discussions and concluding remarks

In this contribution we have discussed the operating FeICIC with low power ABS (LP-ABS) as mentioned in the LS [1]. Significant impact to RAN4 RF requirements was summarized. We observed that the requirements for total power dynamic range, RE power control dynamic range, test models and the BS output power declaration would be impacted, that would mean quite a lot efforts for Rel.11 FeICIC WI which is scheduled to finalize at June 2012 
Observation 1: New RE power control dynamic range would need to be specified for a BS supporting LP-ABS. Thus new relevant test cases based on new dynamic range would need to be introduced. In addition, the BS total power dynamic range would need to be enlarged and relevant test case would be needed as well. Specifically average power reducing for 0~3dB on each RE (most possible occurs for the case 2 OFDM symbol which has larger power reduction on PDSCH REs and non transmission power reduction on CRS, PBCH or other REs) will have RF design limitation for a larger dynamic range and an additional back-off may be needed to improve EVM of signal. 
Observation 2: New Declaration for maximum transmission power on LP-ABS SFs may be needed. But it is complex to get the accurate value even for single carrier considering the case 2 OFDM symbols.

Observation 3: Additional power back-off may be required for CA, multiple-carrer BS or MSR BS to fulfil existing requirements (e.g. EVM), which changes the current RF design. Thus additional evaluations are needed with multicarrier and MSR configurations for finding suitable power back-off and maximum transmission power value for LP-ABS cases.
Observation 4: To avoid impact to current requirements, the maximum power reduction permitted by RE power control dynamic range minimum requirements is 6dB for QPSK PDSCH/PDCCH or 3dB for 16QAM PDSCH. And for 64QAM PDSCH, there is no power reduction allowed.
Thus we suggest:  
Proposal: RAN4 shall send a liaison to RAN1 to explain the consequence of introducing this LP-ABS concept and provide guidance for the LP-ABS discussion. Power reduction limitation and impacts to requirements shall be taken into account to leverage with any gain of LP-ABS, if ensuring non-increasing interference to CRE UE comparing with zero-power data transmission. 

RAN4 should provide guidance for LP-ABS discussion and our proposals are:
•The limitation of power reduction can follow the current RE power control dynamic range equipment with the MCS restriction (i.e. the maximum power reduction for LP-ABS support is 6dB for QPSK PDSCH/PDCCH or 3dB for 16QAM PDSCH. No power reduction is allowed for 64QAM PDSCH.)

•And further power reduction should not be considered in Rel.11 period to ensure the practical progress.
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1. Overall Description:

According to the LS, RAN1 is considering “Reduced non-zero transmit power on DL unicast control and data transmissions”, i.e. Lower Power ABS (LP-ABS) transmission. RAN4 had further study on the impact to the RF design, requirements and test cases for this feature and had the observations as follow: 

Observation 1: New RE power control dynamic range would need to be specified for a BS supporting LP-ABS. Thus new relevant test cases based on new dynamic range would need to be introduced. In addition, the BS total power dynamic range would need to be enlarged and relevant test case would be needed as well. Specifically average power reducing for 0~3dB on each RE (most possible occurs for the case 2 OFDM symbol which has larger power reduction on PDSCH REs and non transmission power reduction on CRS, PBCH or other REs) will have RF design limitation for a larger dynamic range and an additional back-off may be needed to improve EVM of signal. 

Observation 2: New Declaration for maximum transmission power on LP-ABS SFs may be needed. But it is complex to get the accurate value even for single carrier considering the case 2 OFDM symbols.
Observation 3: Additional power back-off may be required for CA, multiple-carrer BS or MSR BS to fulfill existing requirements (e.g. EVM), which changes the current RF design. Thus additional evaluations are needed with multicarrier and MSR configurations for finding suitable power back-off and maximum transmission power value for LP-ABS cases.
Observation 4: To avoid impact to current requirements, the maximum power reduction permitted by RE power control dynamic range minimum requirements is 6dB for QPSK PDSCH/PDCCH or 3dB for 16QAM PDSCH. And for 64QAM PDSCH, there is no power reduction allowed.
RAN4 regards the impacts to RF designs, requirements and test cases on the above observations are significant, that total power dynamic range, RE power control dynamic range, test models and the BS output power declaration would be impacted. That would mean quite a lot effort for Rel.11 FeICIC WI which is scheduled to finalize at June 2012. 

2. Actions:

To 3GPP TSG-RAN1 group:

RAN4 kindly asks RAN1 to take the above impact for RAN4 RF designs, requirements and test cases into account in their further work. 

RAN4 would like to suggest RAN1:

· The limitation of power reduction can follow the current RE power control dynamic range with the MCS restriction (i.e. the maximum power reduction for LP-ABS support is 6dB for QPSK PDSCH/PDCCH or 3dB for 16QAM PDSCH. No power reduction is allowed for 64QAM PDSCH.)
· And further power reduction should not be considered in Rel.11 period to ensure the practical progress.
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