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1 Introduction

It has been agreed during RAN1#67 [1] that the handling of CRS interference requires information on number of CRS antenna ports and v-shift (RE position) given by the cell ID of the neighbouring macro cells that generate dominant interference to pico cells with cell range expansion (CRE) in HetNet scenarios. Additionally, further information on the set of subframes with interferer CRS is required. It has furthermore been agreed that reduced non-zero transmit power on downlink unicast control and data transmissions in ABS are needed in order to achieve performance gains with CRE bias values of up to 9 dB. 

In this contribution we discuss potential issues regarding the use of low power ABS as a means for interference coordination in HetNet scenarios.

In a companion contribution [2], we furthermore discuss the required signalling support for CRS interference handling in HetNet scenarios consisting of macro cells and pico cells with CRE.

2 Discussion on Potential Issues

2.1 Dynamic Downlink Power Range

The use of low power ABS with for example up to 9 dB power offset between CRS and PDSCH REs in case of CRS based PDSCH transmissions would yield a significantly increased dynamic range of RE power within an OFDM symbol.

It is currently not clear how the throughput performance in HetNet scenarios with low power ABS will be affected by possible restrictions regarding the use of different modulation schemes in case of CRS based PDSCH transmissions as for example also mentioned in [6] and [7]. Especially the use of 16QAM and 64QAM might be problematic in terms of a large error vector magnitude (EVM) in case of large power level differences between PDSCH and CRS REs.

The current minimum eNB requirements regarding dynamic downlink power range are given in Table 1. 
Table 1. E-UTRA BS RE power control dynamic range [3]
	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


It has been shown by detailed simulations [4] that the optimum power reduction in ABS would typically be within the range of the CRE bias value. That means a large CRE bias value of e.g. 9 dB also requires an ABS power reduction of 9 dB in a typical HetNet scenario. However, previous simulation studies did not take into account potential MCS restrictions for low power ABS. In the following we show some simulation results taken into account MCS restrictions based on current minimum requirements for the dynamic downlink power range as given in Table 1 for the different modulation schemes. Although these are minimum requirements, the results provide some indication on how the performance in HetNet scenarios with low power ABS would be affected if certain MCS restrictions have to be taken into account.

We restrict the investigation here on the evaluation of Configuration 1 (uniform distribution of UEs within the HetNet deployment) with 3GPP Model 1 for pathloss and full buffer traffic. A detailed description of further simulation parameters is given in Appendix A.
The feICIC specific simulation settings are:

· ABS ratio is fixed to 0.5

· CRE bias value is 0 dB, 6 dB, or 9 dB

· ABS power reduction (offset between CRS and PDSCH) has been varied between 0 dB and 6 dB

PDSCH power level reductions of more than 6 dB have not been considered in the simulation study since that would mean that in low power ABS not even QPSK could be used following the current minimum requirements.  

The assumed maximum acceptable power reduction levels of PDSCH compared to CRS REs have been chosen according to the minimum requirements in [3] as follows:

· 6 dB for QPSK

· 3 dB for 16QAM

· 0 dB for 64QAM
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Figure 1: Median of UE throughput depending on CRE bias and ABS power reduction
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Figure 2: Cell-edge UE throughput depending on CRE bias and ABS power reduction

Figure 1 and Figure 2 show both median and 5th percentile (cell-edge) of the UE throughput distributions without any MCS restrictions and MCS restrictions according to the above. Taking into account the assumed restrictions, all modulation schemes can be used in case of 0 dB power reduction; only QPSK and 16QAM can be used with 1, 2 and 3 dB power reduction; and only QPSK can be used for PDSCH transmissions in case of 4, 5 and 6 dB. The performance reductions due to MCS restrictions clearly reveal that even in low power ABS the macro eNB would normally (without restrictions) schedule quite often PDSCH transmissions with high-order modulation schemes. Therefore, somewhat relaxed MSC restrictions implied by the PDSCH power reduction in ABS would be necessary to avoid significant throughput reduction.
The simulation results suggest two conclusions: (a) the cell-edge UE throughput is in the investigated scenario not very much affected by the MCS restrictions, and (b) the median of the UE throughput distribution experiences a significant reduction (e.g. -7.5 % in case of 9 dB CRE bias and 6 dB power reduction) for the settings of interest. As expected, the performance reduction due to a possible MCS restriction increases with the power reduction within ABS.

As the dynamic range is RAN4 expertise, it needs to be discussed how to collaborate with RAN4 on this issue.

Proposal: The impact of increased dynamic downlink power range in low power ABS with CRS based transmissions on the system performance and the way of the collaboration with RAN4 should be discussed. 
2.2 Colliding CRS

It is known that the case of colliding CRS causes significant performance reductions in case of CRS based PDSCH transmissions schemes. Especially the use of TX based strategies for CRS interference handling based on rate-matching do not provide a solution for this scenario. RX based strategies based on CRS interference cancellation would work but still suffer from performance degradation. 

Therefore, our recommendation is that the collision of CRS of macro and pico cells with CRE bias should be avoided by proper allocation of pico cell IDs 

Proposal: RAN 1 should not focus on HetNet deployments with CRE and colliding CRS during discussion on RX and TX based CRS interference handling strategies.
2.3 Synchronization between Macro and Pico Cells

Both TX and RX based strategies for mitigating CRS interference of dominant interferers strongly rely on time and frequency alignment between macro and pico cell REs. With TX based strategies the operation would be almost impossible. When relying on RX based strategies, the handling of the CRS interference cancellation at UE side would become very complex. It has to be clarified to which extend this synchronization can be provided. In case of RX based strategies this would be a RAN4 specification issue.
Proposal: The discussion concerning RX or TX based strategies for CRS interference handling should take into account potential synchronization issues.

3 Conclusion

We discussed in this contribution potential issues that should be taken into account by RAN1 during the discussion on TX and RX based strategies for CRS interference handling. Our basic conclusions are:

· The impact of increased dynamic downlink power range in low power ABS with CRS based transmissions on the system performance and the way of the collaboration with RAN4 should be discussed. 
· RAN 1 should not focus on HetNet deployments with CRE and colliding CRS during discussion on RX and TX based CRS interference handling strategies.
· The discussion concerning RX or TX based strategies for CRS interference handling should take into account potential synchronization issues.
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Appendix A
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Simulation Parameter
	Setting

	Deployment scenario
	Configuration 1 as defined in [5]

	Serving cell attachment 
	RSRP-based (with bias in case of cell range expansion)

	Scheduler 
	Proportional fair frequency selective scheduling in both Macro eNBs and Pico eNBs

	Channel bandwidth
	10 MHz

	Carrier frequency
	2 GHz

	Macro cell ISD
	500 m

	Max Macro Tx Power
	46 dBm

	Max Pico Tx Power
	30 dBm

	Noise PSD
	-174 dBm/Hz

	Macro eNB antenna pattern
	3D antenna pattern, 120 degree sector

	Macro eNB antenna downtilt
	15 degrees

	Pico eNB antenna pattern
	2D antenna pattern, Omni-directional

	Macro eNB antenna gain
	17 dBi

	Pico eNB antenna gain
	5 dBi

	Minimum distance between Pico eNBs and Macro eNBs
	35 m

	Minimum distance between 
Pico eNBs
	40 m

	Minimum distance between 
Macro eNB and UEs
	35 m

	Minimum distance between 
Pico eNB and UEs
	10 m

	Fast Fading Channel 
	Typical Urban (TU), i.i.d. for spatial extension

	MIMO transmission modes
	DL transmission mode 4 
(closed loop 2x2 MIMO with dynamic rank adaptation)

	CSI Feedback 
	Sub-band CQI (PUSCH mode 3-1), periodically every 1 ms with 5ms delay

	Control overhead
	Dynamic adaptation of control region size (one, two or three OFDM symbols)

	Control signaling
	Explicit modeling of CCE aggregation, power control and errors of DL DCI transmission, same overhead assumed for UL DCI.
(interference impact of CCE utilization is considered)

	Path loss model
	Model 1 as defined in [5]
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