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1 Introduction
During RAN#56, a study item (SI) was initiated on UMTS Heterogeneous Networks [1]. In this contribution we provide a text proposal on benefit of network assisted interference cancellation for UEs with a single receive antenna to the Technical Report [2]. The proposed text is based on [3] and complements the description captured by the rapporteur in the draft Technical Report [2].
2
Text Proposal

[-------------------------------------------------TEXT START -----------------------------------------------]
7.1.8

Network Assisted Interference Cancellation

[…]

7.1.8.5
Link level simulation results with Network Assisted Interference Cancellation
[…]

Cancellation efficiency with respect to the interfering macro HS-PDSCH signal based on a soft IC receiver at the victim LPN UE is shown in Table XX, for various pairings of LPN UE and macro UE locations. Cancellation efficiency is defined as the percentage of interference signal removed after IC, measured in terms of average interference power reduced due to IC. Thus, cancellation efficiency 1 means that the interference signal is completely removed, whereas cancellation efficiency 0 means that the interference signal is not removed at all. We assume that both LPN and macro UEs are equipped with a single receive antenna and use the Type 2i receiver. The link adaptation for macro HS-PDSCH is based on the signal quality of macro UE’s P-CPICH. If the modulation and coding scheme (MCS) for the macro UE is relatively lower compared to the quality of the interference link, the victim LPN UE is likely to be able to detect the interfering signal reliably and then cancel it to a large extent. In such a case, cancellation efficiency close to 1 can be achieved. However, a key difference between the two is that with a soft IC receiver even if the LPN UE cannot decode the macro signal correctly, cancellation efficiency greater than 0 can be achieved.  The soft IC receiver used in our simulation uses a soft-input-soft-output turbo decoder to generate soft values for the encoded bits. The soft values are then mapped to soft symbols, which will be cancelled after spreading, scrambling, and channel filtering. With such a soft-cancellation based approach, an interference signal can be partially cancelled even if the CRC indicates errors after decoding. The soft-input-soft-output turbo decoder formulates encoded bit soft values based on a bit log-likelihood ratio (LLR) formulation, thus the magnitude of the soft value reflects the confidence that the decoder has regarding each encoded bit. Note that in a very noisy channel condition, the bit LLR is close to 0, and thus effectively the soft IC does not cancel anything in a very noisy condition. This avoids potential performance degradation when the interference signal cannot be detected reliably.
In Table XX, each row corresponds to a LPN UE location and each column corresponds to a macro UE location. It can be seen from Table XX that relatively high cancellation efficiency can be achieved.
Table XX: Cancellation efficiency with respect to the interfering macro HS-PDSCH based on post-decoding soft IC at the victim LPN UE for various pairings of LPN UE and macro UE locations. Both LPN UE and macro UE use the Type 2i receiver.

	
	L7
	L8
	L9
	L10
	L11
	L12

	L1
	0.8514
	0.9634
	0.9999
	0.9619
	0.9991
	1.0000

	L2
	0.7828
	0.8892
	0.9963
	0.8897
	0.9882
	0.9994

	L3
	0.6619
	0.7561
	0.9614
	0.7581
	0.9374
	0.9963

	L4
	0.4678
	0.5528
	0.8051
	0.5541
	0.7616
	0.9504


A more challenging case however is when the macro scheduled UE is using the Type 3i receiver and the macro HS-PDSCH’s MCS is determined accordingly. In such cases, the single receive antenna LPN UE is expected to have lower cancellation efficiency with respect to the macro HS-PDSCH interference. This is illustrated in Table YY. Compared Table XX, it can be seen that the cancellation efficiency is lower when the macro scheduled UE is served at a higher rate due to its use of a better receiver (Type 3i instead of Type 2i). However, we observe that for LPN range expansion locations L1, L2, and L3, cancellation efficiency higher than 0.6 is achieved when the macro node serves a UE at location L8, L9, L10, L11, or L12.
Table YY: Cancellation efficiency with respect to the interfering macro HS-PDSCH based on post-decoding soft IC at the victim LPN UE for various pairing of LPN UE and macro UE locations. The LPN UE uses the Type 2i receiver whereas the macro UE uses the Type 3i receiver.
	
	L7
	L8
	L9
	L10
	L11
	L12

	L1
	0.8153
	0.8607
	0.9379
	0.8594
	0.9169
	0.9687

	L2
	0.7453
	0.7970
	0.8962
	0.7959
	0.8667
	0.9421

	L3
	0.6263
	0.6845
	0.8078
	0.6832
	0.7701
	0.8774

	L4
	0.4427
	0.5033
	0.6367
	0.5017
	0.5958
	0.7253


Note that the cancellation efficiency shown in Table XX and Table YY is for the interfering macro HS-PDSCH signal. In addition to HS-PDSCH, other physical channels transmitted by the macro node will also cause interference to the LPN UE. Some of these other physical channels can be cancelled relatively easily, e.g. P-CPICH, SCH, etc. However, it may be harder to cancel some of these other physical channels. Thus, the cancellation efficiency with respect to the total macro signal may depend on the IC implementation, in terms of which physical channels are cancelled. In our throughput analysis for the victim UE, we assume cancellation efficiency of 0.4, 0.5, 0.6, 0.7, 0.8, and 0.9, respectively. The numbers are reasonable based on the results shown in Table 2 and Table 3. The benefits of NAIC are shown for each of these cancellation efficiency values. 

NAIC gains over the Type 2i receiver at various LPN UE locations in terms of average and 5th-percentile LPN UE throughputs are shown in Table Z1 and Table Z2, respectively. In our simulations, the channel quality indicator (CQI) for the victim LPN UE is determined based on the P-CPICH SINR obtained from the output of the second-stage (after IC) frontend. For a given LPN UE location, the UE throughput varies due to fading variations. The average and 5th-percentile LPN UE throughputs are calculated based on the statistics of UE throughputs over 2000 subframes. Note that for the same cancellation efficiency, gains for UEs at location L1 are the highest as the macro interference is much stronger than the desired LPN signal at L1. Thus, the LPN UE performance is more limited by the macro interference. In such a case, cancelling the macro interference gives rise to the largest gain for the LPN UE. Tables Z1 and Z2 can be used together with Tables XX and YY to get approximated NAIC gains for various location combinations of the macro UE and LPN UE. It can be seen that even with 50% cancellation efficiency there is a very significant benefit offered by NAIC. The gains are more significant for the 5th percentile LPN UE throughput. This is due to the reasons below. First, the cause of a low instantaneous LPN UE throughput could be due to that the interference is relatively strong compared to the desired signal. In such cases, removing interference give a significant boost of the LPN UE throughput. Furthermore, it is easier to get a high percentage gain when the throughput is very small. For example, the 5th-percentile LPN UE throughput for LPN UEs at location L1 and L2 (very aggressive range expansion) is extremely low. Thus, cancelling interfering macro signal gives extremely high percentage gains.

Compared to NAIC gains for the Type 3i receiver, gains for single antenna UEs are relatively higher. This is because while a Type 3i receiver has capability of suppressing other-cell interference, a single antenna receiver does not have the degree of freedom to mitigate other-cell interference. As a result, interference cancellation has a potential to offer larger performance improvement for single-antenna UE in the range expansion area.

Table Z1: NAIC gains in average LPN UE throughput at various LPN UE locations.
	LPN UE

Location
	40% cancellation efficiency
	50% cancellation efficiency
	60% cancellation efficiency
	70% cancellation efficiency
	80% cancellation efficiency
	90% cancellation efficiency

	L1
	41.68%
	59.38%
	83.16%
	117.34%
	172.22%
	282.17%

	L2
	38.43%
	54.44%
	75.71%
	105.80%
	153.00%
	243.59%

	L3
	34.23%
	48.08%
	66.13%
	91.06%
	128.77%
	197.05%

	L4
	28.42%
	39.42%
	53.39%
	72.02%
	98.95%
	144.33%


Table Z2: NAIC gains in 5th-percentile LPN UE throughput at various LPN UE locations.
	LPN UE

Location
	40% cancellation efficiency
	50% cancellation efficiency
	60% cancellation efficiency
	70% cancellation efficiency
	80% cancellation efficiency
	90% cancellation efficiency

	L1
	120.70%
	180.46%
	281.14%
	448.96%
	786.49%
	1683.25%

	L2
	90.04%
	147.37%
	220.08%
	344.58%
	559.12%
	1060.86%

	L3
	77.58%
	113.32%
	170.27%
	251.81%
	405.98%
	710.45%

	L4
	61.54%
	92.06%
	133.09%
	190.23%
	290.35%
	495.26%


[---------------------------------------------------TEXT END ------------------------------------------------]
2 Conclusion

In this contribution, a text proposal on the benefit of network assisted interference cancellation for the Type 3i receivers to the Technical Report [2] is provided. The proposed text is based on [3] and complements the existing results captured by the rapporteur in the draft TR [2].

Proposal: Include the provided text proposal in Section 7.1.8.5 of the TR [2]. 
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