Page 1

3GPP TSG-RAN WG4 #66
R4-130703
Jan. 28th – Feb 1st, 2013, Malta
Agenda item:
6.10.2
Source: 
Qualcomm Incorporated
Title: 
On two aggressor CRS interference mitigation
Document for:
Discussion
1 Introduction
In the last RAN4 meeting, a WF [2] was agreed on aggressor levels for FeICIC demod and CSI requirements. It was agreed that FeICIC demod requirements should be defined based on CRS handling of two aggressors, subject to confirmation of the benefits of two aggressor CRS handling. Aspects that may be considered include (but not limited to) system level gain, link level gain, PCFICH/PDCCH/PHICH coverage, and impact on CSI and RLM. Complexity aspects may also be considered. Aggressor levels for demod tests should be aimed to be chosen such that they can clearly differentiate the UEs handling two aggressors from UEs handling only one or no aggressor, assuming the benefits of two aggressor CRS handling are confirmed. Detailed agreements in [2] are captured below for reference:
Principle:

· Explicitly model 2 aggressor cells for FeICIC demod/CSI simulations
· FeICIC demod requirements should be defined based on CRS handling of both aggressors
· Subject to confirmation of the benefits of two aggressor CRS handling
· Aspects that may be considered include (but not limited to)
· System level gain
· Link level gain
· PCFICH, PDCCH, and PHICH coverage 
· Impact on CSI
· Impact on RLM
· Aggressor levels for demod tests should be aimed to be chosen such that 
· They represent conditions encountered under system simulations
· And they can clearly differentiate the UEs handling two aggressors from UEs handling only one or no aggressor assuming the benefits and complexity of two aggressor CRS handling are confirmed.
· Complexity aspects may also be considered
 Methodology:

· Consider configuration #1 and 4b with 24dBm and 30dBm pico power.
· UE population for deriving interferer statistics
· For PDCCH and PHICH tests, consider only CRE UEs.
· For TM2 tests, consider only CRE UEs
· FFS for TM3 and CSI tests
· Companies to propose the method for choosing interference levels of the first and second aggressors.
· Companies are encouraged to provide analysis on whether Noc2 may be set the same or different from Noc1 for demod and CSI.
In this contribution, we discuss the benefits of two aggressor CRS handling that was left open in the WF for confirmation.

2 Discussion
2.1 System level and link level gain
In [6], the gain of CRS-IC of N aggressors (N=0, 1 or 2) is investigated via joint system and link level simulations. In the paper, the UE distributions are obtained from a system level evaluation based on a typical HetNet deployment scenario (configuration #1), and link level simulations are performed for each and every UE obtained from the system simulation to obtain the throughput for each N. Finally, the throughput distributions are collected to compare N=0, 1, and 2, which are depicted in Figure 1.
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Figure 1: Throughput distribution of all CRE UEs with no CRS-IC, 1 aggressor CRS-IC, and 2 aggressor CRS-IC. The plot on the left shows the CDF of absolute throughput, while the plot on the right shows the CDF of the throughput ratio with respect to no CRS-IC.
From the figure on the right it is observed that the median throughput gain with 1 aggressor CRS-IC is around 45%, and the median throughput gain with 2 aggressor CRS-IC is around 65%. The additional 20% throughput gain achieved by cancelling the 2nd aggressor clearly shows the benefit of 2 aggressor CRS-IC.

The paper also points out the danger of picking a particular UE and drawing a conclusion based on the link level gain observed for the particular UE. For example, the methodology of using 50%-ile CDF of the two aggressors leads to the choice of a UE that happen to have a large CRS-IC gain of the first aggressor but a very small CRS-IC gain of the second aggressor, which is not representative of the throughput distribution observed via the entire system-to-link joint analysis shown in Figure 1. 
Observation 1: From the system and link level gain point of view, the second aggressor CRS mitigation shows a clear benefit (20% throughput gain).
2.2 PCFICH coverage

In this section we show PCFICH demodulation performance under various setups.

Two different aggressor levels were used:

· (D1/Noc, D2/Noc) =(4dB,2dB)
·  (D1/Noc, D2/Noc) =(6dB,4dB)
And three different CRS collision scenarios were used:

· 1st aggressor with colliding CRS, 2nd aggressor with non-colliding CRS

· 1st aggressor with non-colliding CRS, 2nd aggressor with colliding CRS

· 1st aggressor with non-colliding CRS, 2nd aggressor with non-colliding CRS

For each scenario, we simulated two different UE implementations:

· 1 cell IC: CRS-IC of only 1st aggressor

· 2 cell IC: CRS-IC of both of the two aggressors

EVA 5Hz channel was used for all the simulations.
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Figure 2: PCFICH demodulation performance, with (D1/Noc, D2/Noc) =(4dB,2dB) and with 1 cell IC (upper left), with (D1/Noc, D2/Noc) =(4dB,2dB) and with 2 cell IC (upper right), with (D1/Noc, D2/Noc) =(6dB,4dB) and with 1 cell IC (lower left), with (D1/Noc, D2/Noc) =(6dB,4dB) and with 2 cell IC (lower right).
Figure 2 shows the PCFICH demodulation performance. It can be observed that with 1 cell IC, there is a loss of 1.7 dB in case of (D1/Noc, D2/Noc) =(4dB,2dB) and 2.6 dB loss in case of (D1/Noc, D2/Noc) =(6dB,4dB), compared to the case of 2 cell IC. In case of a normal PHICH duration, PCFICH decoding is required for the UE to obtain the CFI value, as without it the UE cannot proceed with proper PDCCH and PHICH demodulation. Thus, PCFICH decoding error should be kept at a small level, so that the decoding errors for PDCCH and PHICH are not dominated by the PCFICH decoding errors. Note that PDCCH and PHICH (ACK-to-NACK) BLER requirements are at 1% and 0.1%, respectively.

As we can see from the figure, with 1 cell IC, the PCFICH BLER of 1% and 0.1% is achieved at -2.6 dB and -0.3 dB with (D1/Noc, D2/Noc) =(4dB,2dB) and at -1.8 dB and 0.7 dB with (D1/Noc, D2/Noc) =(6dB,4dB). These SNR levels are too high to properly cover CRE edge users and certainly much higher than the SNR=-4dB at which RLM is defined. Specifically, the following table shows the corresponding Es/Iot levels.

Table 1: ES/Iot levels corresponding to PCFICH BLER of 1% and 0.1% with 1 aggressor CRS-IC
	D1/Noc (dB)
	D2/Noc (dB)
	BLER target
	ES/Noc (dB)
	ES/Iot (dB)

	4
	2
	1%
	-2.6
	-9.7

	4
	2
	0.1%
	-0.3
	-7.4

	6
	4
	1%
	-1.8
	-10.5

	6
	4
	0.1%
	0.7
	-8.0


Therefore, a large portion of CRE edge UEs which detect and are handed over to the victim pico cell will be out of PCFICH coverage.

With 2 cell IC, the PCFICH coverage is much more acceptable as in the following table. 

Table 2: ES/Iot levels corresponding to PCFICH BLER of 1% and 0.1% with 2 aggressor CRS-IC
	D1/Noc (dB)
	D2/Noc (dB)
	BLER target
	ES/Noc (dB)
	ES/Iot (dB)

	4
	2
	1%
	-4.3
	-11.4

	4
	2
	0.1%
	-2.0
	-9.1

	6
	4
	1%
	-4.1
	-12.8

	6
	4
	0.1%
	-1.9
	-10.6


Observation 2: From the point of view of PCFICH coverage, it is necessary for the UE to mitigate CRS interference from two aggressors.

2.3 PDCCH coverage
Figure 3 shows link level simulation results for PDCCH. The simulation is based on the existing eICIC PDCCH FDD non-MBSFN ABS test (8 CCEs, 2 symbols for control region, normal PHICH duration, EVA5, 2x2 low correlation), except that two aggressors are modeled with their SNR levels given by 5dB and 4dB with 2.5usec timing offset and 200Hz frequency offset. Two different CRS collision scenarios [CN] and [NC] were considered, each with no CRS IC, 1-cell (strongest interferer) CRS IC, and 2-cell CRS IC.
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Figure 3: Link level simulation results for PDCCH

Table 3 shows the Es/Iot level for achieving 1% BLER for each scenario.
Table 3: ES/Iot levels corresponding to PDCCH BLER of 1%

	Interferer scenario
	Number of aggressors to cancel CRS (N)
	ES/Noc (dB)
	D1/Noc (dB)
	D2/Noc (dB)
	ES/Iot (dB)

	1st aggressor colliding CRS, 2nd aggressor non-colliding CRS
	0
	1.9
	5
	4
	-6.3

	
	1
	-0.8
	
	
	-9.0

	
	2
	-2.6
	
	
	-10.8

	1st aggressor non-colliding CRS, 2nd aggressor colliding CRS
	0
	1.9
	
	
	-6.3

	
	1
	0.9
	
	
	-7.3

	
	2
	-2.6
	
	
	-10.8


Therefore, it can be observed that with only one-aggressor CRS mitigation, a large portion of CRE edge UEs which detect and are handed over to the victim pico cell will be out of PDCCH coverage even for the maximum aggregation level of 8 CCEs. With 2 cell IC, the PCFICH coverage is adequate to cover -11dB Es/Iot. 

Observation 3: From the point of view of PDCCH coverage, it is necessary for the UE to mitigate CRS interference from two aggressors.

2.4 Impact on RLM
Per TS 36.133, the RLM is defined as follows:

The UE shall monitor the downlink link quality based on the cell-specific reference signal in order to detect the downlink radio link quality of the PCell as specified in [3]. 

The UE shall estimate the downlink radio link quality and compare it to the thresholds Qout and Qin for the purpose of monitoring downlink radio link quality of the PCell. 

The threshold Qout is defined as the level at which the downlink radio link cannot be reliably received and shall correspond to 10% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-1. 

The threshold Qin is defined as the level at which the downlink radio link quality can be significantly more reliably received than at Qout and shall correspond to 2% block error rate of a hypothetical PDCCH transmission taking into account the PCFICH errors with transmission parameters specified in Table 7.6.1-2.
In particular, the downlink link quality is measured based on CRS, and Qout and Qin thresholds are defined in terms of hypothetical PDCCH BLER.
Typically, UEs in CRE region may see up to two dominant aggressors. When CRS interference of both aggressors is mitigated, the SINRs measured over CRS REs and PDCCH REs are similar, and therefore RLM declarations will be consistent with the downlink link quality. However, if only one aggressor’s CRS is mitigated when the UE is under two dominant aggressors, the RLM declarations will be inconsistent with the downlink link quality.
Specifically, suppose the first (strongest) aggressor has colliding CRS w.r.t. the serving cell, and the second strongest aggressor has non-colliding CRS w.r.t. the serving cell. If the UE measures the link quality and determines RLM based on CRS after cancelling the CRS from the first aggressor, but if the UE does not cancel the CRS from the second aggressor for PCFICH/PDCCH demodulation, then the actual PDCCH performance (which will be subject to CRS interference from the second aggressor) will be worse than the measured downlink link quality (which is based on CRS and does not take the CRS interference from the second aggressor into account). The end result is a UE not declaring out-of-sync (or in-sync) even though its hypothetical PDCCH BLER far exceeds 10% (or 2%). Unless the UE also cancels the second aggressor, there is no way the downlink link quality measured based on CRS can correctly reflect PDCCH BLER performance.
On the other hand, suppose now that the first (strongest) aggressor has non-colliding CRS w.r.t. the serving cell, and the second strongest aggressor has colliding CRS w.r.t. the serving cell. If the UE cancels the CRS from the first aggressor only, then the SINR seen on CRS REs (which are subject to CRS interference from the second aggressor) will be lower than the SINR seen on PCFICH/PDCCH REs (which are not subject to any interference). In this case, the actual PDCCH performance will be better than the measured downlink link quality, and the end result will be that the UE will declare out-of-sync (or in-sync) even though its hypothetical PDCCH BLER is much less than 10% (or 2%). Unless the UE also cancels the second aggressor, there is no way the downlink link quality measured based on CRS can correctly reflect PDCCH BLER performance.
Observation 4: Unless UE cancels two aggressors, the RLM declarations will be inconsistent with the downlink link quality. Therefore, two aggressor CRS mitigation is beneficial, if not necessary, to avoid such an inconsistency.

2.5 Impact on CSI
Per TS 36.213, the CQI is defined as follows: 

Based on an unrestricted observation interval in time and frequency, the UE shall derive for each CQI value reported in uplink subframe n the highest CQI index between 1 and 15 in Table 7.2.3-1 which satisfies the following condition, or CQI index 0 if CQI index 1 does not satisfy the condition:

· A single PDSCH transport block with a combination of modulation scheme and transport block size corresponding to the CQI index, and occupying a group of downlink physical resource blocks termed the CSI reference resource, could be received with a transport block error probability not exceeding 0.1. 
In short, the CQI is supposed to be derived based on BLER on hypothetical PDSCH transmission.

In a typical UE implementation, however, CSI is derived based on SINR seen on CRS REs, so there is a disconnection between the UE’s CSI derivation and the ideal CSI per definition of TS 36.213 (i.e. hypothetical PDSCH BLER). The situation is very similar to that of RLM. In other words, if the SINR experienced by CRS REs and PDSCH REs are different, there will be mismatch between the reported CSI and the actual PDSCH performance. Typically, UEs in CRE region may see up to two dominant aggressors. When CRS interference of both aggressors is mitigated, the SINRs measured over CRS REs and PDSCH REs are similar, and therefore CSI reporting will be consistent with the PDSCH demodulation performance. However, if the UE mitigates only one of the two aggressors, then the CSI reporting will be inconsistent with the PDSCH demodulation performance.
Although the situation is similar to that of RLM, the impact for CSI is much more severe. This is because while the operation range of RLM is a typically low SNR, the operation range of PDSCH could be much higher. As shown in Figure 4, the Es/Noc1 or Es/Noc2 of the second aggressor can easily be over 10dB. Obviously, not canceling the second aggressor having 10dB Es/Noc will create a large bias in CQI reporting and skew RI reporting.
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Figure 4: Scatter plots showing D2/Noc2 vs. D1/Noc2 distribution for pico CRE UEs (left). CDF of D2/Noc2 of pico CRE UEs having the 1st aggressor as colliding-CRS and the 2nd aggressor as non-colliding CRS (right)
Unless the UE also cancels the second aggressor, there is no way the CSI correctly reflects hypothetical PDSCH BLER performance. Therefore, the CQI definition of TS 36.213 is broken (and by a large amount!!!)
Note that in Rel-10 eICIC we had a similar mismatch, but without UE capability of CRS handling, we had to live with the mismatch. As a result, BLER on ABS subframes were unreliable and could not be tested.
Observation 5: Unless UE cancels two aggressors, the CSI reporting will be inconsistent with the hypothetical PDSCH BLER. Therefore, two aggressor CRS mitigation is necessary.
3 Conclusions
In this contribution, we have discussed the benefits of two aggressor CRS handling. Specifically, we make the following observations:

Observation 1: From the system and link level gain point of view, the second aggressor CRS mitigation shows a clear benefit (20% throughput gain).
Observation 2: From the point of view of PCFICH coverage, it is necessary for the UE to mitigate CRS interference from two aggressors.
Observation 3: From the point of view of PDCCH coverage, it is necessary for the UE to mitigate CRS interference from two aggressors.
Observation 4: Unless UE cancels two aggressors, the RLM declarations will be inconsistent with the downlink link quality. Therefore, two aggressor CRS mitigation is beneficial, if not necessary, to avoid such an inconsistency.
Observation 5: Unless UE cancels two aggressors, the CSI reporting will be inconsistent with the hypothetical PDSCH BLER. Therefore, two aggressor CRS mitigation is necessary.

Overall, two aggressor CRS handling is not only seen as “beneficial” but seen as “necessary”, especially from the control channel coverage and CSI reporting points of view.
Therefore, as was agreed in the WF [2], FeICIC demod/CSI requirements should be defined based on CRS handling of both aggressors, and aggressor levels for demod tests should be aimed to be chosen such that they can clearly differentiate the UEs handling two aggressors from UEs handling only one or no aggressor.
Proposal 1: FeICIC demod/CSI requirements should be defined based on CRS handling of both aggressors, and aggressor levels for demod tests should be aimed to be chosen such that they can clearly differentiate the UEs handling two aggressors from UEs handling only one or no aggressor.
Our companion paper [3] proposes aggressor levels based on two aggressor CRS handling, and our papers [4][5] propose detailed demod and CSI test cases based on the aggressor levels.
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