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1. Introduction  
In RAN1 #67, it was shown that the DL system performance could be improved by transmitting non-zero PDSCH with reduced power in almost blank subframe (ABS). Thus, it was agreed to consider the reduced power ABS for FeICIC [1].

· Reduced non-zero transmit power on DL unicast control and data transmissions in ABS is needed

· Detailed signalling is FFS

In RAN1 #68bis meeting, RAN4 sent an LS [2] to inform RAN1 of their conclusions on reduced power ABS. It was concluded in RAN1#68bis that further study and evaluation are needed based on RAN4 feedback LS. Thus, in RAN1#69, some further evaluations and discussions have been done. There’s no doubt on the gain of reduced power ABS. However, there’s some concern on the performance gain of introducing an additional set of signalling.
In this contribution, we present simulation results to compare the performance with and without signalling of a second set of power offsets. Then we discuss the specification impact on the signalling support for reduced power ABS in Rel-11.
2. Performance of reduced power ABS
In Rel-10, time domain Inter-Cell Interference Coordination (ICIC) schemes such as Almost Blank Subframe (ABS) were introduced as non-CA based scheme to solve the issues of HetNet interference. In Rel-10, for a macro-pico scenario, if a subframe was indicated as ABS in macro cell, then there’s no unicast transmission in ABS in macro cell. But by allowing transmission of unicast PDSCH and corresponding control channel with reduced power in ABS, the macro eNB may have more flexibility in transmitting to some particular macro UEs. 
In previous RAN1 meetings, many contributions on the performance of reduced power ABS have been presented and the performance gain of reduced power ABS has been shown [3 - 5]. In RAN1 #68bis meeting, RAN4 sent an LS in [2] to indicate their feedback on reduced power ABS. According to RAN4 [2], the feasible power reduction in reduced power ABS that RAN4 can guarantee is following the current RE power control dynamic range requirements with the MCS restriction [6] (i.e. the maximum power reduction for reduced power ABS support is 6dB for QPSK PDSCH/PDCCH or 3dB for 16QAM PDSCH. No power reduction is allowed for 64QAM PDSCH.)
We consider a macro-pico scenario configuration 4b with CRE/ABS (with zero /reduced power in ABS). In the current specifications, a UE can be configured with one set of 
[image: image1.wmf])

,

(

B

A

P

P

 to obtain the ratio of PDSCH EPRE to CRS EPRE applied to all subframes. Meanwhile, only one set of CSI feedback can be configured assuming one PDSCH to CRS/CSI-RS power ratio for macro UEs. To investigate whether a new set of signalling for reduced power ABS is needed, two cases were simulated.
· Case 1: macro UEs are configured with one power offset and one CSI feedback report for all subframes (normal and reduced power ABS). 

· Case 2: macro UEs are configured with two power offsets and two CSI feedback reports. One set for normal subframes and the other set for reduced power ABS. 
Simulation results on the performance of reduced power ABS with non-full buffer traffic model are presented in Table 1. The same EVM modelling as given in [10] is used. For comparison, performance results of zero power ABS were also shown. The power reduction level is fixed to be 6 dB in reduced power ABS.  For the cases with MCS restriction, only QPSK is chosen for the UEs scheduled in reduced power ABS. The simulation methodology and assumptions for zero power ABS and reduced PDSCH transmission power in ABS are mostly the same as in [7]. The ABS muting ratio is chosen from 0% to 75% according to the pico UE association ratio to optimize the performance. Non-full buffer traffic model is assumed to be FTP traffic model 1 with 2.0 Mbyte file size, and user arrival rates (λ) of FTP traffic model 1 are considered to be 2. All other detailed system level simulation parameters are listed in Table A.1 in Annex-A.

Table 1: Performance of reduced power ABS in Configuration 4b with EVM modelling
	ABS type
	Area Tput (Mbps)
	Mean UE Tput (Mbps)
	5%-ile edge UE Tput (Mbps)
	50%-ile edge UE Tput (Mbps)
	95%-ile edge UE Tput (Mbps)

	Zero-power (ZP-ABS)
	32.36
	25.2947
	2.6516
	19.1502
	64.5161

	Reduced power, 1 set of signalling, with MCS restriction in RP-ABS

(Gain over ZP-ABS)
	32.35
	24.9145 (-1.50%)
	2.9022 (+9.45%)
	20.1511 (+5.23%)
	59.0406
(-8.49%)

	Reduced power, 2 sets of signalling, with MCS restriction in RP-ABS

(Gain over ZP-ABS)
	32.41
	26.7412
(+5.72%)
	3.024
(+14.04%)
	21.7539
(+13.6%)
	64.5161
(0%)

	Gain of RP-ABS with 2 sets signalling over 1 set of signalling
	
	(+7.33%)
	(+4.20%)
	(+7.95%)
	(+9.27%)

	Reduced power, 2 sets of signalling, without MCS restriction in RP-ABS

(Gain over ZP-ABS)
	32.32
	27.6769

(+9.39%)
	3.1505

(+15.81%)
	23.5814

(+22.18%)
	64.5161
(0%)

	Gain of RP-ABS with 2 sets signalling over 1 set of signalling
	
	(+11.08%)
	(+8.56%)
	(+17.02%)
	(+9.27%)


It is observed that when compared with the “zero-power ABS”, the RP-ABS even with MCS restriction could still provide stable performance gain of the cell average and cell edge throughput. However, such performance gain is reduced if only one set of signalling was configured for UE. With EVM modelling, it is observed in [10] that it is likely to support higher modulation in reduced power ABS.  From table 1, it can be seen that configuring two sets of signalling has significant gain over one signalling set. Even with MCS restriction to QPSK under reduced power ABS, two sets of signalling still gives performance advantage over one signalling set.  Based on this observation, we propose to support reduced power ABS with two sets of signalling in Rel-11 for the sake of more flexibility in macro eNB scheduler and improved performance.

Proposal 1: reduced power ABS is supported with two set of signalling configured.

3. Specification impact
In order to support the reduced power ABS, some signalling enhancements are needed. For example, a new signalling to UE to indicate the PDSCH-to-CRS power ratio for reduced power ABS is proposed in [8, 9] in order to enable CSI feedback and CRS based demodulation on reduced power ABS. Macro UE needs to know the distribution of reduced power ABS in order to apply different power offset in reduced power ABS. Like the resource restricted CSI measurement introduced in Rel-10, two CSI subframe sets can be configured and signalled to UE. These two subframe sets are now associated with different power offsets instead of different interference conditions. Another difference is that the two subframe sets are used for demodulation purpose. For demodulation, the two subframe sets have to cover all subframes. Therefore, a bitmap can be sufficient to define these two types of subframe for demodulation purpose. One can argue that power ratio is not needed for QPSK but this only applies to the receiver without the capability of interference suppression. For IRC receiver, it needs to estimate the SINR in order to do the proper interference suppression. The estimated SINR error which is equivalent to the backoff power can severely degrade the performance.  For CSI feedback, the same Rel-10 signalling of two subsets can be re-used on macro UE configuration. According to these two subsets, macro UE can be configured to feed back two sets of CSI based on two different power offsets.

Proposal 2: Two sets of power ratios corresponding to zero power and reduced power ABS should be supported for both demodulation and CSI feedback.

Proposal 3: The same Rel-10 signalling of two subframe sets can be re-used and configured to macro UEs to distinguish between subframes with normal power and reduced power.
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Figure 1: CDF of Pico UE geometry under ZP, RP and coexistence of RP and ZP
While the aforementioned UE signalling is necessary to enable macro UE operation in reduced power ABS, we believe some signalling/indication on reduced power ABS between cells in also necessary. From figure 1, geometry of pico UEs is shown under three cases namely zero power ABS, reduced power ABS and coexistence of zero power and reduced power ABS. Due to the 9 dB CRE bias and clustered UE placement, many UEs are already offloaded to pico cells. It can be observed that for some UEs in pico CRE region, strong interference is experienced under non-zero power ABS of macro cell. The operating SINR point can be below -4 dB for some portion of pico UEs. This worst group of victim UEs should be scheduled in zero power ABS for the purpose of interference protection. It is observed in our simulation that for some cells, zero power ABS should be allocated for the protection of victim UEs with strong interference from macro even if 6 dB backoff is applied at the macro. Therefore, co-existence of reduced power and zero power ABS can happen in some cells. 
Without information exchange between macro and pico cells on whether the ABS is zero power or reduced power, it would be difficult for pico eNB to schedule those edge pico UEs. The performance impact of not differentiating zero and reduced power ABS is also indicated in Table 1. For example, if we look at the overall area edge UE performance in Table 1, there may be some performance loss for the edge UE performance when reduced power ABS configured in macro but pico eNB does not know it. As a matter of fact, those pico UEs in CRE region were observed as the UE with the worst (e.g., 5%-ile) performance. Hence a message between cells on reduced power ABS seems necessary.
Proposal 4: X2 signalling between cells on the reduced power ABS is supported.

4. Conclusions

In this contribution, we have presented performance evaluation results and discussed the specification impact on the signalling support for reduced power ABS in Rel-11. We have the following proposals:

· Reduced power ABS is supported; 

· Two sets of power ratios corresponding to zero power and reduced power ABS should be supported for both demodulation and CSI feedback; 

· The same Rel-10 signalling of two subframe sets can be re-used and configured to macro UEs to distinguish between subframes with normal power and reduced power;
· X2 signalling between cells on the reduced power ABS is supported.
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Annex-A

Table A.1 Simulation parameters for macro-pico deployments

	Parameters
	Assumptions

	Cellular Layout
	Hexagonal grid, 19 sites, 3 Macro cells per site, wrap‑around

	LPN Configuration
	Configuration #4b with 4 low power nodes per macro cell

	Number of UEs dropped within each macro geographical area
	Config 4b  60 UE



	Channel Model
	ITU UMa for Macro, UMi for low power node (Outdoor modeling)

	Operating bandwidth (BW)
	10 MHz

	Tx Power
	30 dBm for LPN

Non-ABS：46 dBm for macro

Reduced power ABS：40 dBm

	UE Speed
	3 km/h

	CRE association bias
	9 dB

	Antenna configuration
	Transmitter: 2Tx cross-polarized antenna at both macro eNB and LPN

Receiver: 2Rx cross-polarized antenna at UE

ITU: 12 degree for Macro, 0 degree for Pico

	CQI/PMI reporting interval and frequency granularity
	5 ms for CQI/PMI, 6 RB

	Feedback scheme
	Rel-8 RI/CQI/PMI based on Rel-8 2Tx codebook

	Delay for scheduling and AMC
	6 ms

	Scheduler
	Proportional Fair

	Traffic Model
	Non-full Buffer

	Receiver
	MMSE-Option1

	HARQ Scheme
	Chase Combining

	Maximum number of retransmissions
	3

	Channel Estimation
	Non-ideal, based on CSI-RS for channel measurements, based on DMRS for data demodulation. Channel estimation error modelling is used
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