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1. Introduction

In this contribution we present updated results of low power ABS (LP-ABS) in uniform topologies, with all cells deploying the same amount of picos per macro and applying the same muting pattern, and more realistic non-uniform topologies with picos only in sub-set of the macro cells. Our presented LP-ABS performance results follow the latest guidance from RAN4 [2], which is summarized here for the sake of easy referencing.

· The feasible power reduction in LP-ABS that RAN4 can guarantee is following the current RE power control dynamic range requirements 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.) 
· Further power reduction can be considered on particular situation for vendor implementation. And necessary power back-off of BS which impacts the CRS TX power is needed to be considered as well depend on the implementation. Preliminary studies [2] have shown that 9dB or more LP-ABS power reduction could require a power back-off using the assumptions stated above.  
· No additional BS requirement for LP-ABS will be specified in RAN4 within Rel-11 time frame.
Thus, according to RAN4 guidance, we only consider LP-ABS with power reduction of either 3 dB or 6 dB, given the above mentioned restrictions on the allowed modulation schemes for PDSCH. In this contribution we do not consider vendor specific implementation alternatives.
The rest of the contribution is organized as follows: In Section 2 the main simulation assumptions and methodology are detailed. Section 3 discusses the impact of limiting the MCS during protected subframes in coherence with latest RAN4 guidelines for the uniform topology and compare to Rel-10 zero-ABS. In Section 4 we investigate the use of LP-ABS in non-uniform topologies, which seems to be a strong use case for LP-ABS. Section 5 condensates our view on the introduction of LP-ABS. Section 6 gives some concluding remarks.
2. Summary of simulation assumptions and methodology

Co-channel macro + pico scenario as defined in [1] is simulated, with focus on the downlink. A perfectly synchronized network is assumed for FeICIC operation, with all macro eNBs using the same (LP-)ABS muting pattern. The simulation resolution is one subframe (time-step) and one subcarrier (freq domain resolution). Pico-UEs are configured to report separate CSI for subframes where macro transmits (LP-)ABS and normal subframes, respectively. On the other hand, macro-UEs are configured to report separate CSI for LP-ABS and normal subframes. We restrict the simulations here to 3GPP Model 1 for pathloss. CRS is transmitted with constant power (same in LP-ABS and in normal subframes). It is assumed that all UEs perform non ideal CRS IC in the simulations, i.e. some level of CRS interference remains after cancellation. The main simulation parameters are summarized in Table I.
Table I: Summary of default simulation assumptions.

	Parameter
	Setting

	Network Layout
	500m macro-layer Inter-Site Distance with 4 pico-eNBs in the macro-cells deploying small cells

	Cell layout
	7 macro-sites (21 macro-cells), wrap-around

	Traffic model
	Full buffer, finite buffer

	Transmit power
	Macro-eNB: 46 dBm; pico-eNB: 30 dBm

	Sub-frame duration
	1 ms (11 data plus 3 control symbols )

	Modulation and coding schemes
	QPSK (1/5 to 3/4), 16-QAM (2/5 to 5/6), 64-QAM (3/5 to 9/10)

	1st transmission block error rate target
	10%

	HARQ modelling
	Ideal chase combining with maximum 4 transmissions

	Bandwidth
	10 MHz at 2000 MHz frequency

	MIMO
	2 x 2 with rank adaptation

	Antenna gain
	Macro: 14 dBi; pico: 5 dBi; UE: 0 dBi

	Antenna pattern
	Macro: 3D; Pico and UE: Omni

	eNB packet scheduling
	Proportional Fair (PF)

	UE placement
	Conf 4b (2/3 Ues inside the hotspots, the remaining UEs are uniformly distributed within the macro-cell area)

	UE receiver
	MMSE-IRC. Pico-UEs perform CRS IC from dominant macro-cells whne those use ABS/LP-ABS


3. LP-ABS and MCS restrictions in uniform topologies
The impact of introducing LP-ABS into the UE requirements can be minimized by restricting the maximum power reduction L as follows: L=6dB for QPSK in PDCCH/PDSCH, L=3dB for 16QAM in PDSCH and L=0dB for 64QAM in PDSCH (no-eICIC). Otherwise larger Error Vector Magnitude (EVM) not accomplishing the current requirements are expected. More details can be found in [2]. Thus, a power reduction of 6dB would be possible without impacting the dynamic downlink power range and EVM requirements only if the maximum MCS index is limited so that only QPSK is used during LP-ABS. 

In order to ensure the reliability of control channels in the extended area, the maximum RE should not be larger than the power reduction. Thus, we assume a maximum RE=L in LP-ABS operation. This limitation does not apply to zero-ABS, where large RE offsets provide the maximum eICIC gain. Without LP-ABS, the PDSCH to CRS power offset signalling is used in all subframes. With LP-ABS, the need of additional signalling for macro UEs being able to correctly decode PDSCH is discussed in Section 5 and Section 6. 
The 5%-ile and 50%-ile UE throughput performance with/without MCS restriction LP-ABS and zero-ABS is shown in Table II. The muting ratio is set to 4/8 in all macro-eNBs. The following cases are presented:
· RE=3dB: QPSK, 16QAM
· RE=6dB: QPSK
· RE=0dB (equivalent to no-eICIC): QPSK, 16QAM and 64QAM

· RE=9dB + zero-ABS: standard zero-ABS scenario
· RE=12dB + zero-ABS: standard zero-ABS scenario
Table II. 50%-ile and 5%-ile user throughput in Mbps for different RE (3, 6, 9, 12, 0dB), muting ratio 4/8, with and without MCS restriction LP-ABS and zero-ABS.

	
	50%-ile user throughput
[Mbps]
	5%-ile user throughput
[Mbps]

	
	all-UEs
	pico-UEs
	macro-UEs
	all-UEs
	pico-UEs
	macro-UEs

	3dB
	LP-ABS
	w/o
	1.8136
	3.8279
	1.1746
	0.5242
	1.1048
	0.4134

	
	
	w
	1.6447
	3.8298
	1.0770
	0.4887
	1.1038
	0.3807

	
	zero-ABS
	1.4739
	5.5407
	0.6687
	0.3181
	1.8098
	0.2586

	6dB
	LP-ABS
	w/o
	2.1458
	3.3386
	1.4499
	0.6706
	0.9485
	0.5324

	
	
	w
	1.7329
	3.3472
	0.9914
	0.5596
	0.9437
	0.4426

	
	zero-ABS
	2.1548
	4.5607
	0.8361
	0.4418
	1.4315
	0.3448

	9 dB
	zero-ABS
	2.4917
	3.9270
	1.1609
	0.6426
	1.1519
	0.4659

	12dB
	zero-ABS
	2.6755
	3.4589
	1.5458
	0.8335
	0.9585
	0.6732

	0dB
	noeICIC
	1.4166
	4.6678
	0.9509
	0.3832
	1.4898
	0.3376


Focusing on the LP-ABS performance, as expected the MCS limitation affects macro-UEs and no pico-UEs. Moreover, the coverage is less affected by the limitation, since mostly users in the vicinity of the macro are scheduled during LP-ABS. For the median user, a significant loss is found comparing the case without and with MCS restriction. Moreover, this loss increases with the power reduction, going up to 19% with the maximum power reduction of 6dB. Nevertheless, the best LP-ABS performance is obtained with the maximum power reduction (6dB), even with the restriction. 
On the other hand, for the small values of RE of 3dB and 6dB, LP-ABS performs better than zero-ABS in terms of coverage, even with the MCS restriction. However, zero-ABS outperforms LP-ABS if it is configured with a high RE like 9 or 12dB. In the case of the median, zero-ABS performs better for 6dB but not for 3dB. 
Observation: 
· The introduction of MCS restrictions can lead to a loss of ~20% in user throughput performance as compared to no MCS restrictions. Thus, LP-ABS coverage performance with 6dB and MCS restrictions is 14% lower than zero-ABS with RE=9dB.     
During last RAN1#69 meeting it was discussed the necessity of including SINR ceilings in system performance evaluations in order to capture EVM transmitter impact [3]. It leads to a maximum SINR or 15dB for QPSK (6dB power reduction), 18dB for 16QAM (3dB power reduction) and 22dB for 64QAM (no power reduction). In Figure 1, we plot the SINR distribution for a power reduction of 3dB and 6dB. It can be checked that the maximum SINR is respected and, as expected, it is 15dB for QPSK and 18dB for 16QAM.  
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Figure 1. SINR during LP-ABS for RE = 3dB and RE = 6dB
In Figure 2 we show the impact of the MCS restrictions with variable load. Particularly, dynamic traffic model with Poisson call arrival is considered, assuming a finite payload for each call. Once the payload has been successfully delivered to the UE, the call is terminated. Two different loads are shown: 10Mbps and 100Mbps. It is observed that the effect of the MCS restriction is similar as shown in Table II for full load. In the case of finite buffer, the constraint affects both the 5%-ile and 50%-ile user throughput and the loss in throughput is similar independently of the ABS muting ratio, with losses between 10%-20% for most cases. 
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Figure 2. 5%-ile and 50%-ile user throughput in Mbps for finite buffer traffic for different muting ratios (1/8, 2/8, 3/8, 4/8), with and without MCS restriction LP-ABS. Dark blue: 10Mbps without MCS restriction; Light blue: 10Mbps with MCS restriction; Yellow: 100Mbps without MCS restriction; Red: 100Mbps with MCS restriction (a) RE = 3dB (b) RE = 6dB 
Finally, we show in Figure 3 the performance of zero-ABS with finite buffer for comparison purposes. 5%-ile and 50%-ile user throughput are plotted, with different muting ratios varying from 1/8 to 4/8 and different RE = 3dB, 6dB, 9dB and 12dB. The load is set to 10Mbps and 100Mbps. Comparing Figures 2 and 3, the same behaviour as full buffer traffic (Table II) is observed: LP-ABS performs better if the bias is small (3dB and 6dB) allowing the use of a smaller muting ratio. However, zero-ABS makes it possible the use of higher RE (9dB and 12dB) and both the coverage and median user throughput are higher in this case than the performance of LP-ABS.  
 [image: image4.emf]1/8 2/8 3/8 4/8 1/8 2/8 3/8 4/8

0

0.5

1

1.5

2

2.5

ABS ratio

5%-ile and 50%-ile throughput [Mbps]

 

 

10Mbps RE = 3dB

10Mbps RE = 6dB

10Mbps RE = 9dB

10Mbps RE = 12dB

100Mbps RE = 3dB

100Mbps RE = 6dB

100Mbps RE = 9dB

100Mbps RE = 12dB


Figure 3. 5%-ile and 50%-ile user throughput in Mbps for finite buffer traffic for different muting ratios (1/8, 2/8, 3/8, 4/8), RE (3,dB, 6dB, 9dB and 12dB), load (10Mbps, 100Mbps) with zero-ABS. 
4. LP-ABS for non-uniform topologies

We next analyze the joint use of zero-ABS and LP-ABS non-uniform HetNet scenarios aiming at improving the performance of pico-UEs in the extended area. In particular, we consider the scenario in Figure 4 (a), where picocells are only present in the three centre macrocells, while all other macrocells are without small cells. The RE is set to 12dB and centre macro cells use zero-ABS with muting ratio 4/8. Due to the deployment of picocells in the centre macrocells, neighbor macrocells may be configured with zero-ABS or LP-ABS in order to mitigate the interference caused to the picos. By applying LP-ABS in the surrounding macrocells, the interference suffered by victim pico-UEs is mitigated and, at the same time, macro-UEs performance in the neighbor cells will not degrade much (the experience SINR will not be significantly affected since the centre macros are applying zero-ABS at the same time). Figure 4 (b) shows the performance gain compared to the case with no eICIC and no RE. Notice that the performance gain is computed for joint population of users in both the three centre cells as well as the surrounding cells. Thus, including both effect of gains from centre macro cells being able to offload more users to the picos, as well as the potential degradation in surrounding macros from using e.g. LP-ABS. Two different values of the LP-ABS power reduction in the neighbor cells are simulated, namely 3dB and 6dB, as well as the cases with no muting and zero-power ABS. Here the eICIC performance gain is on the order of approximately 30%-40%, illustrating a promising use case for applying LP-ABS in second tier macrocells without picos. 
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Figure 4. Use of LP-ABS for non-uniform topologies (a) Scenario (b) User throughput performance. Only the first tier (yellow) reduces the power or uses zero-ABS. The second tier(green) is not applying eICIC. 
The configuration above can be dynamically configured through the X2 interface. It is recommended to add the power reduction to existing exchanged messages between eNBs to facilitate the LP-ABS operation. Thus, a potential X2 signalling would be as follows:

· A macro deploying picos would get the ABS information from all surrounding macro-cells 

· If one of the neighbour cells (i.e. cells without picos) is not applying ABS, the macro with picos would inform the neighbour on its own ABS configuration and suggest reducing the power in order to minimize the interference caused to pico-UEs

· Aggressor neighbour cell feedbacks the actual power reduction level (if it has decided to change it).
Proposal #1: We recommend use of LP-ABS and zero-ABS in non-uniform topologies, so that zero-ABS is applied in macro-cells with pico deployments and LP-ABS is reserved for cells with no pico deployment but neighbouring cells deploying small cells. A cell with activated muting pattern uses the same muting in all muted subframes (i.e. either LP-ABS with same power reduction or zero-ABS).   
5. Discussion
As discussed in numerous other contributions, full support for LP-ABS in Rel-11 comes at the cost of additional standardization effort and system complexity. This effort/complexity shall be compared against the benefits when deciding on whether to include in Rel-11.

The required standardization to have LP-ABS supported in Rel-11 is discussed here:
· For cases with CRS based demodulation, two different power offsets for PDSCH-2-CRS shall be signaled to the UE; one power offset for normal subframes and one power offset for LP-ABS. Secondly, the UE would need to be informed in which subframes the eNB uses LP-ABS. Thus, this calls for additional work for RAN WG2 to define such signaling for Rel-11 terminals. As the LP-ABS pattern at the macro-eNBs can be dynamically updated, it is required that macro-UEs can also be informed whenever there is a new LP-ABS pattern taken into use. 
· If the LP-ABS is power reduction is limited to only 6 dB, meaning using QPSK in LP-ABS, no additional eNB-2-UE signaling is needed as UE does not need amplitude information to demodulate QPSK.
· For transmission modes (TM) with DM-RS demodulation, we can assume the same power reduction for DM-RS and PDSCH, so here there is in principle no need for additional signaling, i.e. relevant for TM 7, 8, and 9. However, demodulation of physical layer control channels like PDCCH, PCHICH, etc are based on CRS, so here the performance impact shall be checked for LP-ABS.
· In addition to potential eNB-2-UE signaling of PDSCH-CRS power offset, it has been discussed also in previous contributions if signaling is required to facilitate correct UE calculation of CSI during LP-ABS. The latter is considered FFS, as the eNB also has the option of scaling received CSI reports, etc..
· Finally full support for LP-ABS would benefit from additional X2 signalling. Especially in the form of allowing neighbouring macro cells to coordinate setting of ABS/LP-ABS patterns as well as corresponding power reduction for LP-ABS.
Given these observations, we can condense the Rel-11 standardization effort for LP-ABS as follows:
· eNB-2-UE signalling: 
· No additional signalling required if limiting LP-ABS to power reduction of 6 dB with QPSK only. 
· If we also allow 3 dB power reduction with both QPSK and 16QAM, additional eNB-2-UE signalling is required.
· The two itemized cases above are possible within current eNB Tx requirement definitions according to RAN4 guidance [2].
· For cases with less strict requirements on allowed modulation schemes (during LP-ABS) and/or usage of other power reductions (e.g. 9 dB), eNB-2-UE signalling is also required.
· X2 signalling: Recommends RAN3 informed to work on update of Rel-10 eICIC inter-eNB signalling to fully support coordination of ABS/LP-ABS.
We should furthermore keep in mind that only Rel-11 UEs will support new eNB-2-UE signalling. This, means that Rel-10 UEs will only support LP-ABS with QPSK transmission, i.e. 6 dB power reduction according to RAN4 guidance. Given the presented performance results in Sections 3 and 4, we have not observed significant performance gains from including LP-ABS with 3dB power reduction as compared to LP-ABS with 6dB reduction, when following the RAN4 guidance on allowed modulation schemes for LP-ABS [2]. We therefore propose the following:
Proposal #2:  Include support for LP-ABS with QPSK modulation and 6 dB reduction (allowing usage of 6dB RE bias) in Rel-11 as this is feasible without additional eNB-2-UE signalling.
Proposal #3: Inform RAN3 to start working on refined X2 signalling to support inter-eNB coordination with LP-ABS/ABS.

6. Summary
We presented updated performance results of operating FeICIC with LP-ABS. First of all, the impact of limiting the modulation order and the comparison with zero-ABS has been revisited. Moreover, we have presented a case of joint use of LP-ABS and zero-ABS in non-uniform topologies.  

Based our analysis, we make the following observations & proposals:

Observation #1: According to RAN4 guidance [2], we only consider LP-ABS with power reduction of either 3 dB or 6 dB, allowing 16QAM/QPSK and QPSK-only modulation schemes for PDSCH, respectively.
Observation #2: With full buffer traffic, the introduction of MCS restrictions can lead to a loss of ~20% in user throughput performance as compared to no MCS restrictions. Thus, LP-ABS coverage performance with 6dB and MCS restrictions is 14% lower than zero-ABS with RE=9dB.   
Observation #3: Following RAN4 instruction with MCS restriction, when power reduction is 6dB, LP-ABS with new signalling show worse median user performance comparing with zero-ABS.

Observation #4: With finite buffer traffic, similar behaviour is observed as compared to full buffer traffic, both with low load and high load. Thus, the MCS restrictions lead to performance losses in the range from 10% to 20%.   
Proposal #1: We recommend use of LP-ABS and zero-ABS in non-uniform topologies, so that zero-ABS is applied in macro-cells with pico deployments and LP-ABS is reserved for cells with no pico deployment but neighbouring cells deploying small cells. A cell with activated muting pattern uses the same muting in all muted subframes (i.e. either LP-ABS with same power reduction or zero-ABS).     
Observation #5: 
· No additional eNB-2-UE signalling is required if limiting LP-ABS to power reduction of 6 dB with QPSK only. 
· If we also allow 3 dB power reduction with both QPSK and 16QAM, additional eNB-2-UE signalling is required.
Observation #6: Given the presented performance results in Sections 3 and 4, we have not observed significant performance gains from including LP-ABS with 3dB power reduction as compared to LP-ABS with 6dB reduction.    
Proposal #2: Include support for LP-ABS with QPSK modulation and 6 dB reduction (allowing usage of 6dB RE bias) in Rel-11 as this is feasible without additional eNB-2-UE signalling.
Proposal #3: Inform RAN3 to start working on refined X2 signalling to support inter-eNB coordination with LP-ABS/zero-ABS.

Thus, following the above recommendations, Rel-11 specifications will allow FeICIC with flexible coordination of muting patterns between eNBs, consisting either of muted subframes in the form of zero-ABS or LP-ABS with 6 dB reduction. Providing full support for such cases requires no additional eNB-2-UE signalling (and therefore no additional changes for UE specifications), but only some minor updates of the established X2 signalling framework for inter-site coordination of ABS configuration.
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