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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 the summary of link simulation results for post-decoding network-assisted interference cancellation (NAIC). The proposed text is based on link simulation results presented in [2] and [3], and complements the description captured by the rapporteur in the draft Technical Report [4].
2
Text Proposal

[-------------------------------------------------TEXT START -----------------------------------------------]
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Network Assisted Interference Cancellation
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7.1.8.5
Link level simulation results with Network Assisted Interference Cancellation
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7.1.8.5.x
Post-decoding Interference Cancellation

Link simulation results with network assisted IC using the framework described in Section 7.1.8.4 are presented in this subsection. The results are based on post-decoding IC, including both hard-decision IC, in which IC is performed when the interference signal is detected correctly as indicated by the CRC, and soft IC, in which IC is performed all the time based on bit log-likelihood ratio (LLR) computed by the decoder. Furthermore, a common HS-SCCH message carrying the information about interfering signal’s transport format is assumed to reach a certain area of the Macro cell (e.g. the LPN range expansion area); thus a victim LPN UE will receive the assistance information correctly.  
According to Table 13, locations corresponding to LPN range expansion beyond the typical setting of 3 dB CIO are L1, L2, and L3. However, L4 may also benefit from IC, as the Macro signal strength is also relatively strong at L4. At location L5 or L6, the UE does not experience strong interference from the Macro node as the LPN signal is much stronger than the Macro signal; thus cancelling Macro interference at these locations is not expected to improve the LPN UE performance. At location L7, L8, …, L12, the UE should be served by the Macro node, as the LPN signal strength at these locations is very weak. Therefore, we will focus the discussion below on LPN UE location at L1, L2, L3, and L4 and Macro locations at L7, L8, …, L12.
Cancellation efficiency () is defined as
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 is the reconstructed signal at the UE after decoding and reconstruction.
7.1.8.5.x.x
Hard-decision post-decoding IC compared to blind IC receivers
A blind IC receiver is one that is capable of interference cancellation without any network assistance. Instead of decoding the interference HS-PDSCH, blind IC uses the estimated soft symbols in the demodulator to reconstruct the waveform and then perform the cancellation. These receivers do not require any changes to the specification and are capable of providing significant gains over Type 3i receivers. 
A throughput comparison of one such blind IC and the Type-3i receivers is shown in Table x1. It is seen that the gain of blind IC over Type 3i decreases as the LPN UE moves from the Macro to the LPN, since the Macro interference becomes weaker. 
Due to the common HS-SCCH control channel signaling introduced at the Macro cell, there is an impact to the UEs in the Macro cell. Therefore, the sum throughput gains (both Macro and LPN UEs) while taking into account the additional control channel signaling is should in Table x2. The sum throughput gain increases as the Macro UE moves towards the cell edge.
Table x1: LPN UE throughput gain for blind IC over the type-3i receiver (%), where each row stands for the Pico UE location and each column stands for the Macro UE location
	
	L7
	L8
	L9
	L10
	L11
	L12

	L1
	52.97
	52.97
	52.97
	52.97
	52.97
	52.97

	L2
	43.09
	43.09
	43.09
	43.09
	43.09
	43.09

	L3
	37.60
	37.60
	37.60
	37.60
	37.60
	37.60

	L4
	35.52
	35.52
	35.52
	35.52
	35.52
	35.52


Table x2: Sum UE throughput gain for blind IC over the type-3i receiver (%), where each row stands for the Pico UE location and each column stands for the Macro UE location
	
	L7
	L8
	L9
	L10
	L11
	L12

	L1
	6.46
	5.14
	11.17
	7.84
	11.56
	19.43

	L2
	7.90
	7.02
	13.26
	9.56
	13.46
	21.29

	L3
	9.61
	9.17
	15.42
	11.52
	15.47
	22.82

	L4
	11.87
	11.90
	18.06
	14.03
	17.97
	24.79


In Table Y, the throughput comparison is performed between the hard-decision NA-IC and the blind IC without network assistance. (Note that that the blind IC results are from a proprietary receiver algorithm [Y]) It is shown that enabling NAIC does yields gains even over a blind IC receiver that performs IC without network assistance. It is seen that the gain of NA-IC over blind IC decreases as the LPN UE moves from the Macro to the LPN.
Taking into account the impacts to the Macro cell throughput, the sum throughput gains are shown in Table Y1. 

Table Y: LPN UE throughput gain for the baseline NA-IC over the blind IC (%), where each row stands for the LPN UE location and each column stands for the Macro UE location.
	
	L7
	L8
	L9
	L10
	L11
	L12

	L1
	5.04%
	15.53%
	39.23%
	18.61%
	33.36%
	49.96%

	L2
	2.82%
	8.70%
	26.71%
	6.59%
	24.72%
	43.86%

	L3
	2.39%
	5.42%
	21.08%
	6.43%
	14.70%
	32.86%

	L4
	0.22%
	4.14%
	12.71%
	3.63%
	8.92%
	24.38%


Table Y1: Sum UE throughput gain for the baseline NA-IC over the blind IC (%), where each row stands for the Pico UE location and each column stands for the Macro UE location
	
	L7
	L8
	L9
	L10
	L11
	L12

	L1
	-2.42%
	-2.06%
	5.85%
	-1.11%
	4.37%
	14.37%

	L2
	-2.84%
	-1.55%
	4.73%
	-2.28%
	3.59%
	16.86%

	L3
	-2.22%
	-1.76%
	5.09%
	-0.95%
	2.20%
	15.24%

	L4
	-2.46%
	-1.17%
	3.52%
	-1.63%
	1.96%
	14.79%


It can be seen from Table Y1, that as the Macro UE moves closer to the cell edge, i.e, from L10 to L12, the performance gain improves. This is because of the relatively poorer performance of the baseline Macro UE at the cell edge.
7.1.8.5.x.y
Soft-decision post-decoding IC compared to Type 3i
Interference cancellation can be performed even when the interference signal is not detected error free. Such an approach is often referred to as a soft IC approach. A soft post-decoding IC receiver 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.

Cancellation efficiency with respect to the interfering Macro HS-PDSCH based on a soft post-decoding IC receiver at the victim LPN UE is shown in Table Z1. These results assume ideal channel estimation for the reconstruction of the interfering signal, and ideal interfering scheduling information at the LPN UE. It can be seen from Table Z1 that relatively high cancellation efficiency can be achieved. Furthermore, observe that certain location combinations see higher LPN cancellation efficiency than other location combinations. For example, LPN UE at L1 pairing with Macro UE at L12 has cancellation efficiency 1, whereas LPN UE at L4 pairing with Macro UE at L7 has cancellation efficiency 0.8126. From Table 13, one can see that in the former case, (L1, L12), the LPN link to the Macro node is approximately 15 dB stronger than the link between the Macro UE and the Macro node. Thus, it is almost a certainty that the HS-PDSCH that the Macro sends to the Macro UE at L12 can be detected correctly and cancelled completely by the LPN UE at L1. On the other hand, in the latter case, (L4, L7), the LPN link to the Macro node is approximately 7 dB weaker than the link between the Macro UE and the Macro node. This limits the reliability of interference signal detection, and thus we see lower cancellation efficiency. In general, for range expansion locations (L1, L2, L3), the victim UE can achieve cancellation efficiency higher than 0.8.

Table Z1: Cancellation efficiency with respect to the interfering Macro HS-PDSCH based on post-decoding soft cancellation at the victim LPN UE, where each row stands for the LPN UE location and each column stands for the Macro UE location.

	
	L7
	L8
	L9
	L10
	L11
	L12

	L1
	0.9318
	0.9923
	1.0000
	0.9902
	0.9999
	1.0000

	L2
	0.9085
	0.9725
	0.9998
	0.9703
	0.9986
	1.0000

	L3
	0.8728
	0.9335
	0.9978
	0.9317
	0.9906
	0.9999

	L4
	0.8126
	0.8692
	0.9831
	0.8678
	0.9587
	0.9980


Note that the correct decoding probability shown in Table XX and cancellation efficiency shown in Table Z1 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, P-CCPCH, SCH, etc. However, it may be harder to cancel some of these other physical channels in certain circumstances. 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 the following throughput analysis for the victim LPN UE, it is assumed a cancellation efficiency of 0.6, 0.7, 0.8, and 0.9. These efficiency values are reasonable for IC processing receivers, as shown in the results for soft-decision post-decoding IC in Table X2. 
NAIC gains over the Type 3i receiver at various LPN UE locations in terms of average LPN UE throughput and 5th-percentile LPN UE throughout are shown in Table Z2 and Table Z3, respectively. In these 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 frontend after IC. 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 Z2 and Z3 can be used together with Table Z1 to get approximated NAIC gains for various location combinations of the Macro UE and LPN UE. A reasonable estimate of the cancellation efficiency to use in Tables Z2 and Z3 to estimate throughput gains is given by the cancellation efficiency from Table Z1 multiplied by the percentage of total power allocated to channels that are subject to interference cancellation. For example, considering the combination of LPN UE at L1 and Macro UE at L12, it is observed from Table X2 that cancellation efficiency of 100% can be achieved on HS-PDSCH. Assuming that the HS-PDSCH has 80% of the total Macro power, and only HS-PDSCH is cancelled (the other physical channels are not cancelled), the NAIC gains according to Tables Z21 and Z3 are 54.91% and 94.48% in terms of average and 5th-percentile LPN UE throughput, respectively. However, if in addition to HS-PDSCH, the Macro P-CPICH (10% of the Macro power) is also cancellation, thus 90% cancellation efficiency on the total Macro signal is achieved; the NAIC gains according to Tables Z2 and Z3 are 78.24% and 139.97% in terms of average and 5th-percentile LPN UE throughput, respectively. In general, the NAIC gain is higher for the 5th-percentile LPN UE throughput than for the average LPN UE throughput.
It should be noted that the NAIC gains in average LPN UE throughput at 80% efficiency are comparable to the gains seen in Table x1 which are the gains of a blind IC UE over a Type 3i receiver. From network management perspectives, it is useful to be able to control the level of offloading. For example, when the Macro cell is overloaded while the LPN cell is very much idle, it is desirable to encourage offloading from the Macro to LPN. The LPN throughput gains illustrated in this study indicate that NAIC could be used as a tool for increasing the Macro offloading efficiency in certain scenarios.
Table Z2: NAIC gains in average LPN UE throughput at various LPN UE locations, where each row stands for the LPN UE location and each column stands for the Macro UE location.
	LPN UE

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

	L1
	31.36%
	41.19%
	54.91%
	78.24%

	L2
	26.85%
	34.97%
	46.16%
	64.93%

	L3
	21.44%
	27.78%
	36.49%
	51.10%

	L4
	16.04%
	20.84%
	27.51%
	38.75%


Table Z3: NAIC gains in 5th-percentile LPN UE throughput at various LPN UE locations, where each row stands for the LPN UE location and each column stands for the Macro UE location.
	LPN UE

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

	L1
	44.06%
	62.54%
	94.48%
	139.97%

	L2
	43.44%
	58.14%
	82.77%
	123.49%

	L3
	41.95%
	55.33%
	73.25%
	106.17%

	L4
	27.85%
	37.45%
	51.09%
	74.23%


[---------------------------------------------------TEXT END ------------------------------------------------]
3 Conclusion

In this contribution, a text proposal on the summary of link simulation results for post-decoding network-assisted interference cancellation (NAIC) is provided. The proposed text is based on link simulation results presented in [2] and [3], and complements the description captured by the rapporteur in the draft Technical Report [4].
Proposal: Include the provided text proposal in Section 7.1.8.5 of the TR [4]. 
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