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1 Introduction

At the RAN1#67 meeting, it was proposed that the additional need for rate-matching around CRS of neighbouring cells needs to be further studied [1].
In this contribution, we will evaluate performance of rate-matching around CRS of neighbouring cells and provide our recommendations.
2 Performance evaluation of Tx-based CRS IC
2.1 Issues of muting
The principle of Tx-based CRS IC schemes is to mute the data REs which may be polluted by the CRSs from aggressors, and then to perform rate-matching around the muted REs for mitigating the negative impact on performance. Such methods are only valid for non CRS collision scenarios, where CRSs of serving and neighbouring cells are orthogonal in frequency. We will focus on such scenarios in this contribution.
By muting the abovementioned data REs, the BLER performance degrades accordingly. This is because the coding rate of each modulation increases in comparison to the ideal case, which has no CRS interference and therefore no RE muting is needed. The performance loss of rate-matching will be small in comparison to the ideal case in low-order modulation. However, the loss from muting becomes large when a high-order modulation, which is more vulnerable to errors, is applied. Link-level results shown in Appendix A.2 demonstrate the phenomenon, where a 2 dB gap between ideal case and rate-matching case is observed for high-order modulation schemes. As the system throughput is mainly contributed by UEs employing high-order MCS, the achievable system throughput may be degraded significantly if Tx-based CRS-IC with PDSCH rate-matching is used.

Observation 1: Compared with the ideal reference, TX-based CRS-IC with PDSCH rate-matching degrades the BLER performance more severely, if higher-order MCSs are applied.
2.2 System performance
In this section, system-level simulation results are provided to evaluate the performances of Tx-based and Rx-based CRS IC schemes, respectively, assuming orthogonal CRSs of victim and aggressor cells. The simulation assumptions are summarized in Table 1, where a CRE bias value of 9 dB was applied. In our simulations, for those cases where Tx-based IC (Case 5) employing PDSCH rate-matching is assumed, the rate-matching enabled link-level curves was applied within ABSs, while for the remaining cases the non rate-matching link-level curves are used.
Table 1: Assumptions for system-level simulations.
	Case
	Category
	Description

	1
	Non-ICIC
	The eICIC function is disabled.

	2
	No IC
	No CRS IC is used to mitigate the CRS interference from the aggressors.

	3
	Full IC
	CRS interferences from all the aggressors are cancelled perfectly.

	4
	Rx IC
	Only the CRS interferences from the strongest interferer are cancelled by the victim pico UE with the Rx-based CRS IC used.

	5
	Tx IC with rate-matching
	Only the REs polluted by the strongest interferer are muted by the victim pico UE with rate-matching enabled.


The numerical results of the cases defined in Table 1 are shown in Table 2. Furthermore, the performance losses due to CRS interference are outlined in Table 3.

Table 2: System-level simulation results of different cases defined in Table 1.
	Case
	Category
	ITU conf. 1
	ITU conf. 4b
	3GPP conf. 1
	3GPP conf. 4b

	
	
	Cell avg.
	Cell edge
	Cell avg.
	Cell edge
	Cell avg.
	Cell edge
	Cell avg.
	Cell edge

	1
	Non-ICIC
	8.521
	0.046
	9.569
	0.069
	5.233
	0.027
	6.716
	0.032

	2
	No IC
	7.828
	0.084
	9.005
	0.069
	5.270
	0.033
	6.725
	0.063

	3
	Full IC
	8.583
	0.094
	9.831
	0.078
	5.693
	0.033
	7.315
	0.068

	4
	Rx IC
	8.447
	0.093
	9.450
	0.075
	5.600
	0.033
	7.120
	0.068

	5
	Tx IC w/ rate-matching
	7.742
	0.087
	8.522
	0.072
	5.293
	0.033
	6.719
	0.066


Table 3: Performance losses due to CRS interference in comparison to Full IC (Case 3 in Table 1).
	Case
	Category
	ITU conf. 1
	ITU conf. 4b
	3GPP conf. 1
	3GPP conf. 4b

	
	
	Cell avg.
	Cell edge
	Cell avg.
	Cell edge
	Cell avg.
	Cell edge
	Cell avg.
	Cell edge

	2
	No IC
	-8.80%
	-10.385
	-8.40%
	-10.87%
	-7.42%
	0%
	-8.06%
	-6.63%

	4
	Rx IC
	-1.58%
	-1.71%
	-0.82%
	-3.88%
	-1.63%
	0%
	-2.67%
	0%

	5
	Tx IC w/ rate-matching
	-9.80%
	-7.09%
	-13.31%
	-7.64%
	-7.02%
	0%
	-8.15%
	-1.90%


According to Table 2 and Table 3, the throughput performance degrades due to the presence of CRS interference. Note specifically that Rx-based IC performs much better than Tx-based IC with rate-matching, which is expected and also evidenced in [3]. More explicitly, as discussed in the previous section, Tx-based IC reduces the throughput due to increased overhead and higher code rate, and such loss may in some cases outweigh the attainable gains reaped by CRS IC. Therefore, the performance of Case 5 (Tx-based CRS IC with rate-matching) is similar to that of Case 2 (i.e. no CRS IC), as observed in Table 2 and Table 3. Compared with the Rx-based IC case, about 6% to 12% loss in cell average performance in all channel models is identified for Tx-based CRS IC. Concerning the cell edge performance, the corresponding loss of Tx-based IC over Rx-based IC is on average about 5% in ITU channels, where we have a higher LPN association ratio. In 3GPP channels where lower LPN association ratio is assumed, the cell edge performance is almost the same for both schemes. Based on the simulation results, the benefits of Tx-based CRS IC is very doubtful.
Observation 2: Compared with Rx-based CRS IC scheme, the Tx-based CRS IC scheme can provide little improvement to the system performance.
Moreover, the introduction of PDSCH muting for CRS of neighbouring cells requires additional standardization efforts and unnecessarily increases implementation complexity at both eNB and UE. More specifically, the UEs have to either support two rate-matching mechanisms for the scenarios with and without eICIC, respectively, or always suffer the performance loss due to PDSCH muting on colliding CRS REs.
Following our observations and analysis above, we propose that:
Proposal 1: The Tx-based CRS IC scheme is not supported in Rel-11.
3 Conclusion

In this contribution, we evaluated the performance of rate-matching around CRS of neighbouring cells and have the following observations:

Observation 1: Compared with the ideal reference, TX-based CRS-IC with PDSCH rate-matching degrades the BLER performance more severely as higher-order MCSs are applied.
Observation 2: Compared with Rx-based CRS IC scheme, the Tx-based CRS IC scheme can provide little improvement to the system performance.

According to above observations, we kindly suggest that RAN1 agree on the following proposal:
Proposal 1: The Tx-based CRS IC scheme is not supported in Rel-11.
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Appendix
A.1 Simulation assumptions
	Parameter
	Values used for evaluation

	Performance metrics
	Average user throughput, cell-edge user throughput

	Deployment scenarios
	Heterogeneous network with low-power RRHs within the macro-cell coverage; 1 macro-cell with 4 low-power nodes

	Simulation case
	ITU UMa for macro, UMi for low power node

	
	3GPP channel model case 1

	High power RRH Tx power
	46 dBm in a 10MHz carrier

	Low power RRH Tx power
	30 dBm in a 10MHz carrier

	eICIC ABS ratio
	Adaptive according to LPN association ratio

	Number of UEs per cell
	30 for Config.4b, 25 for Config.1

	System bandwidth
	10 MHz

	Transmission schemes in DL
	TM9

	CSI-RS period
	10 ms

	CSI/CQI delay
	6 TTIs

	Overhead 
	3 OFDM symbols for DL CCHs, 2 CRS ports outside PDCCH region, 10 REs/RB every 10ms for CSI-RS, 12 REs/RB for DM-RS

	Number of Tx at eNB
	2

	Number of antennas at UE
	2

	Antenna pattern
	3D for macro eNB

	
	Omni-directional for low-power node

	eNB antenna tilt
	12 degrees for macro eNB

	
	10 degrees for low-power node

	Channel estimation
	Ideal

	UE receiver
	MMSE receiver

	Traffic model
	Full buffer


A.2 Link-level performance

The link-level simulation results of PDSCH rate-matching for TX-based CRS IC is provided in Fig. 1. The different cases simulated are grouped into two categories described in Table 4.
Table 4: Assumptions for link-level simulations.

	Category
	Description

	Ideal
	No CRS interference and therefore no RE of victim pico cell is muted

	Rate-Matching
	REs of victim pico cell polluted by the strongest CRSs of aggressor macro cell are muted
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Fig. 1: BLER performance of ideal and rate-matching cases.
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