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1. Introduction

In RAN#68 plenary meeting the new RAN4 WI “Interference mitigation for downlink control channels of LTE” was approved [1] (further denoted as CCIM WI). The general objective of the WI is to specify UE demodulation requirements for control channels with practical interference aware receivers that can be used for inter-cell interference cancellation and suppression. The detailed work item objectives are as follows [1]:

	· The candidate advanced receivers to be considered for demodulation requirements are the existing PDSCH receiver structures defined in Rel-11/Rel-12, with capability of

· Linear suppression of control channel interference of interfering cells such as

· MMSE-IRC

· E-MMSE-IRC

· And

· Cancellation of CRS interference of interfering cell

· Identify the scenarios and evaluation assumptions (including the reference receiver(s) for defining performance requirements depending on the gain for each of the control channels listed below) during the works

· Specify requirements on demodulation of PCFICH/PDCCH with above identified advanced receivers 

· Specify requirements on demodulation of EPDCCH with above identified advanced receiver with capability of MMSE-IRC and CRS-IC 

· Specify requirements on demodulation of PHICH with above identified advanced receivers 

· Realistic interference models for the downlink control channels should be considered. 

· CRS assistant information (CRS-AssistanceInfo IE) from Rel-11 can be reused for this WI without additional signalling and network restriction.

· The work for E-MMSE-IRC is prioritized over that for MMSE-IRC.


In this contribution we present our views on the WI scenarios, corresponding interference models and link-level evaluation assumptions. Our views on the work plan, reference control channel receiver structures, UE demodulation requirements and initial simulation results are provided in [2-5].
2. Discussion
Based on the WID the RAN4 WG needs to “Identify the scenarios and evaluation assumptions…”. In our view, the following aspects need to be discussed:

· 
Target control channels

· 
Deployment scenarios

· Network synchronization assumptions

· 
Target geometry
· Interference model

· Interference power profiles
· CRS scenario
· Interferer signal structure (physical channel / boosting / loading)
· Initial link-level simulations assumptions (antenna models, channel models, physical channel parameters, etc)

Due to tight WI timelines certain prioritization of different RAN4 work aspects may be needed and the focus is recommended to be on the most viable and important scenarios. In addition, to avoid RAN4 work duplication it is suggested to reuse the existing results of prior RAN4 IS/IC studies as much as possible with regards to the definition of the scenarios and interference models.
2.1 Target control channels

Based on the WID [1], the majority of the control channels are included in the CCIM WI scope including PDCCH, PCFICH, PHICH, and EPDCCH, while PBCH is out of scope. Given WI timelines prioritization of RAN4 work in terms of the performance requirements definition for different control channels may be needed. The PDCCH is the key control channel, which has noticeable impact on the overall system performance and, hence, the work on the PDCCH requirements can be prioritized. The PCFICH requirements are typically tested jointly with the PDCCH and, hence, also may have high priority. However, typically the PCFICH has better link budget comparing to other channels and its optimization may be not so critical. The PHICH performance also has noticeable impact system-wise, however PHICH may not necessarily be the limiting factor in terms of the performance and the respective work may have lower priority. Finally, EPDDCH is an optional Rel-11 and, thus, its enhancements have lower priority.
Proposal #1:
Consider the following prioritization of the work on control channels performance requirements (in the order of priority): PDCCH/PCFICH > PHICH > EPDCCH.
2.2 Target deployment scenarios
To define realistic interference models, the target deployment scenarios need to be identified. In our view, the CCIM receivers should be able to provide performance gains in a variety of different scenarios including both Homogeneous and Heterogeneous networks in case of interference-limited propagation conditions. For instance, CCIM receivers should be applicable for the typical scenarios defined in the NAICS WI [6].
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Figure 1. NAICS scenarios [6]

In addition, one interesting scenario which might take benefit from using CCIM receivers is the HetNet eICIC/FeICIC deployment with large CRE in which the control channel operation can be enabled in the non-ABS subframes.

Proposal #2:
Consider to define enhanced requirements in application to the following deployment scenarios (in the order of priority)

1. Homogeneous (NAICS scenario 1)
2. Heterogeneous (NAICS scenario 2a/b)
3. Heterogeneous with CRE (NAICS scenario 2a/2b with CRE)
2.3 Network synchronization
Both synchronous and asynchronous networks may benefit from using enhanced CCIM receivers and both scenarios can be considered in the scope of the WI. Based on the WID the work on the E-LMMSE-IRC receivers is explicitly prioritized. The latter receiver structure is applicable for the synchronous networks only and, hence, the corresponding scenario is prioritized. Meantime, we think that asynchronous deployments are still an important part of the existing FDD networks and should be included in the work scope with the second priority.

Proposal #3:
Prioritize work on the definition of enhanced requirements in application to the synchronous networks. Further consider asynchronous networks with lower priority.
2.4 Interference model
The CCIM receivers can be considered in application to different UE geometries as long as dominant aggressor power level is strong enough. Meantime, given relatively good overall control channel link-budget it is suggested to focus on the cell-edge UEs with low geometry/SINR, which may take more advantage of the enhanced processing. In the previous LTE releases extensive studies to derive realistic interference power profiles were made. For instance, a lot of work was done in the scope of the NAICS WI [6] and in the CCIM WI the results of this work can be reused.
Number of interferers

For the NAICS link-level evaluations it was assumed that two dominant interferers are explicitly modelled (with power levels I1 and I2), while the remaining interferers were emulated as AWGN with power level Noc (Figure 2). Similar assumptions can be used in the CCIM work.
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Figure 2. Interference environment
Interference power profile
The NAICS interference power profiles were derived under an assumption of using partial PDSCH loading (40% and 60% network RU). Different interference profiles were define for NAICS deployment Scenarios 1 and 2a/b, different RUs (40% and 60%), and different SINR regions. In addition, the profiles for different I1/Noc levels were derived corresponding to the 20/50/80%-tiles of the CDF curves. In Table 2 we provide the summary of the NAICS interference profiles for different scenarios [6].
For CCIM WI we suggest to reuse the interference profiles from the NAICS studies to define enhanced requirements for the Homogeneous and non-FeICIC HetNet deployment scenarios:

· Given relatively small difference between the interference power profiles for Scenario 1 and 2a/b we suggest to take Scenario 1 profiles to describe the characteristics of both Homogeneous and HetNet networks. 
· For the PDCCH region interference model, the interference RU can be different comparing to the PDSCH region. However, it may still be assumed that the control channels RU in the interference cells is below 100%. In our view, 60% RU assumption may be a reasonable estimate and the respective interference profiles can be reused to emulate the PDCCH region interference. 
· For the EPDCCH region interference model, the interference profiles is same as for the PDSCH case considered in NAICS and either 40% or 60% RU profiles can be reused without any constraints. To reduce the number of different profiles we suggest to take 60% RU profiles. 
Our final preferences on the target interference profiles to be used in the CCIM scope are marked in green in Table 1.
Table 1. NAICS interference power profiles

	SINR region
	SINR min, [dB]
	SINR max, [dB]
	RU, %
	I1/Noc Percentile
	I1/Noc, [dB]
	I2/Noc, [dB]

	NAICS Scenario #1

	5-25%
	-3.70
	1,14
	40 %
	20%
	3.28
	0.74

	
	
	
	
	50%
	7.77
	2.29

	
	
	
	
	80%
	13.91
	3.34

	
	
	
	60 %
	20%
	1.94
	-0.56

	
	
	
	
	50%
	6.33
	0.76

	
	
	
	
	80%
	12.33
	1.67

	40-60%
	3,89
	8,06
	40 %
	20%
	2.26
	0.15

	
	
	
	
	50%
	6.24
	1.54

	
	
	
	
	80%
	12.95
	3.47

	
	
	
	60 %
	20%
	0.87
	-1.23

	
	
	
	
	50%
	4.75
	-0.11

	
	
	
	
	80%
	11.37
	1.85

	75-95%
	12,01
	19,26
	40 %
	20%
	1.42
	0.69

	
	
	
	
	50%
	6.73
	5.09

	
	
	
	
	80%
	17.49
	16.19

	
	
	
	60 %
	20%
	-0.02
	-0.76

	
	
	
	
	50%
	5.18
	3.63

	
	
	
	
	80%
	16.00
	14.71

	NAICS Scenario #2a/b

	5-25%
	-3,28
	1,63
	40 %
	20%
	5.41
	2.79

	
	
	
	
	50%
	11.39
	5.45

	
	
	
	
	80%
	18.46
	7.09

	
	
	
	60 %
	20%
	3.81
	1.09

	
	
	
	
	50%
	9.67
	3.71

	
	
	
	
	80%
	16.71
	5.34

	40-60%
	4,48
	8,75
	40 %
	20%
	6.01
	3.15

	
	
	
	
	50%
	11.31
	4.83

	
	
	
	
	80%
	17.34
	6.06

	
	
	
	60 %
	20%
	4.30
	1.28

	
	
	
	
	50%
	9.57
	3.08

	
	
	
	
	80%
	15.61
	4.38

	75-95%
	13,00
	23,10
	40 %
	20%
	4.63
	2.42

	
	
	
	
	50%
	8.89
	3.92

	
	
	
	
	80%
	14.21
	5.49

	
	
	
	60 %
	20%
	2.89
	0.68

	
	
	
	
	50%
	7.18
	2.15

	
	
	
	
	80%
	12.50
	3.75


Proposal #4:
Use the following geometry and interference profiles for the definition of the enhanced demodulation requirements:
· Two dominant interferers are explicitly modelled

· Reuse NAICS scenario 1, 60% RU, Low geometry interference profiles for the dominant interferers
· Low INR: I1/Noc = 1.94 dB, I2/Noc = -0.56 dB

· Medium INR: I1/Noc = 6.33 dB, I2/Noc = 0.76 dB

· High INR: I1/Noc = 12.33 dB, I2/Noc = 1.67 dB

2.5 Interference CRS pattern
The CCIM receiver implementation and performance depends on whether the aggressor has colliding or non-colliding CRS pattern. In our view, both scenarios should be in the scope of further analysis should take into account both scenarios with equal priority. With regards to the exact Cell ID profiles, the following setting can be used:
· Colliding CRS – Cell ID (0,6,1) (C/C/N) 
· Non-Colliding CRS scenario – Cell ID (0,1,6) (C/N/C)
Proposal #5:
Define enhanced requirements for both colliding and non-colliding CRS scenarios. Use Cell ID patterns (0,6,1) and (0,1,6) for colliding and non-colliding CRS scenarios, respectively. 

2.6 PDCCH/PHICH/PCFICH interference model

The interference environment for the PDCCH/PHICH/PCFICH useful signals in the synchronous networks depends on the control region duration in the serving and interference cells (see Figure 3):

· PDCCH useful signal: In case of aligned control region sizes in the serving and neighbouring cells (Serving cell CFI = Interference cell CFI), useful PDCCH signals may experience interference from the aggressor cell control region signals including PDCCH/PHICH/PCFICH and also CRS interference. 
The similar type of interference is observed in case, when the serving cell PDCCH region is smaller than the one in the aggressor cell (Serving cell CFI < Interference cell CFI). 
When the serving cell PDCCH region is larger than the one in the aggressor cell (Serving cell CFI > Interference cell CFI), in addition some symbols may have interference from the aggressor PDSCH transmission (if scheduled). The scenario may potentially be observed in the real networks and can be also considered with the second priority.

· PHICH useful signal: The interference environment is similar to the PDCCH serving cell signal. One potential difference, is that depending on the configuration the PHICH may be transmitted in either 1, 2, or 3 symbols. In case of 1 symbol transmission, PHICH will experience PDCCH/PHICH/PCFICH and also CRS interference. In case of using extended PHICH mode, in addition PDSCH interference is possible depending on the serving and interference cell CFI.
· PCFICH useful signal: The PCFICH signals may experience interference from the aggressor control region signals including PDCCH/PHICH/PCFICH and also CRS interference. The PCFICH is always transmitted in the first symbol and, hence, cannot experience the PDSCH interference.
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Figure 3. PDCCH/PHICH/PCFICH interference environment
In our view, the CCIM WI should focus on the case of the aligned control region duration in the serving and neighbouring cells and the requirements should be defined under assumption of PDCCH/PHICH/PCFICH interference environment. The PDSCH interference handling can be also considered, but with lower priority. In Table 2 we provide the summary of possible scenarios in terms of the combinations of the serving and interference cells transmissions and our views on the prioritization.

Table 2. Interference cell physical channel scenarios for PDCHH/PCFICH/PHICH (synchronous deployments)

	Interference cell

Serving cell
	PDCCH/PHICH/PCFICH
	PDSCH
	EPDCCH
	CRS

	PDCCH/PCFICH/PHICH
	High priority
	Low priority
	Out of scope
	High priority


Proposal #6:
Define enhanced PDCCH/PHICH/PCFICH demodulation requirements for the case of aligned control region sizes in the serving and interference cells

For the performance requirements definition a realistic PDCCH/PCFICH/PHICH interference model needs to be introduced. In our view, the model should be as follows:

· PDCCH interference:
· Option 1: PDCCH signal emulation using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity.

· Option 2: Explicit interferer PDCCH modelling including real DCI payload modelling.
· For both cases partial PDCCH loading model can be considered with ~X% of available REGs occupied (e.g. 50% RU).
· In addition, different PDCCH power boosting models can be considered:

· Uniform power distribution (all PDCCH signals have equal power with no boosting vs CRS).
· Random power boosting model with randomized assignments of power boosting value on a per REG / per DCI level from a pre-defined set of values (e.g. -3 dB, 0 dB, 3dB).
· PHICH interference:
· There is no need to explicitly model interference cell PHICH transmissions.
· PCFICH interference:
· PCFICH transmissions in the neighboring cells need to be explicitly modelled in case the neighboring cell PCFICH detection is considered.
· CRS interference:
· CRS interference should be explicitly modelled.
Proposal #7:
Use the following PDCCH/PHICH/PCFICH interference model

· PDCCH interference
· Option 1: PDCCH signal emulation using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity.
· Option 2: Explicit interferer PDCCH signal modelling.

· Partial PDCCH loading model with non-uniform PDCCH power distribution
· PHICH interference is not explicitly modelled

· PCFICH interference is explicitly modelled

· CRS interference is explicitly modelled
2.7 EPDCCH interference model
Useful EPDCCH signals may experience interference from the following neighbouring cell signals in the synchronous networks:

· PDSCH/EPDCCH interference: The EPDCCH useful signals may experience interference from the co-channel PDSCH or EPDCCH transmissions in the neighbouring cells with the latter one having lower probability. Furthermore, in case of using LMMSE-IRC receiver, technically the PDSCH and EPDCCH interference handling is identical and there is no big difference which interference type is considered. At the same time, the PDSCH model is easier to introduce and, therefore, suggested to be used. Several potential interference models can be suggested for further consideration:

· Full loading PDSCH: Useful EPDCCH transmissions always overlap with the interference cell PDSCH which occupies full BW.

· Partial loading PDSCH: The interference cell PDSCH has partial loading (e.g. 50% TTIs have PDSCH transmissions).

· CRS interference: EPDCCH may experience interference from the CRS transmissions in the cells with non-colliding CRS patterns.

· PDCCH interference: In case of unaligned control channel regions the PDCCH interference may be also observed, however, the overall impact is expected to be relatively small as a small number of symbols may be affected. So, the respective scenario can be de-prioritized.
In Table 3 we provide the summary of possible scenarios in terms of the combinations of the serving and interference cells transmissions and provide our views on the prioritization.

Table 3. Interference cell physical channel scenarios for EPDCCH (synchronous deployments)
	Interference cell

Serving cell
	PDCCH/PHICH/PCFICH
	PDSCH
	EPDCCH
	CRS

	EPDCCH
	Out of scope
	Medium priority
	Low priority
	Medium priority


Proposal #8:
Define enhanced EPDCCH demodulation requirements for the case of aligned control region sizes in the serving and interference cells and for the case of PDSCH co-channel interference
2.8 Other evaluation assumptions
To define the requirements multiple other test case parameters may need to be defined. Below, we share our consideration on the key parameters which should be decided.
Number of antennas

We suggest focusing on the 2x2 antenna scenario with low antenna correlation.
Number of CRS AP
The existing FeICIC requirements and currently discussed CRS-IM tests focus on using CRS-IC in application to the 2 CRS APs case. Therefore, CRS-IC for 4 CRS APs case is in fact not currently covered by the existing requirements. The CCIM WI is not expected to extend the complexity of the CRS-IC receivers and hence 4 CRS APs is out of scope.

Channel models
In the scope of the WI we suggest to define the requirements for the EPA5 and ETU70 channel models. Same type of the channel models can be used for the serving and interference cells.
PDCCH parameters
For PDCCH test cases we suggest reusing the test parameters from the existing PDCCH demodulation test cases. For the CCIM the focus can be made on the small ALs to ensure feasible SINR levels to avoid potential issues with RLF due to low SINR conditions.
The legacy PDCCH performance metrics (DL scheduling grant miss detection probability) and target requirements (1%) can be reused in the CCIM WI scope.
PHICH parameters
The existing test parameter in the TS 36.101 test case can be reused including the presence of the intra-cell interference from the concurrent ACK/NACK transmissions to other UEs. 

The legacy PHICH performance metrics (ACK to NACK miss detection probability) and target requirements (0.1%) can be reused in the CCIM WI scope.
EPDCCH parameters
Based on results in [4], either small or large ALs can be considered. Furthermore, the requirements can be defined for either localized or distributed EPDCCH modes. The receive processing is identical for both cases and hence, there is no strong difference between the two.
The legacy EPDCCH performance metrics (DL scheduling grant miss detection probability) and target requirements (1%) can be reused in the CCIM WI scope.

3. Conclusions

In this contribution we have provided our views on the on the CCIM WI scenarios, corresponding interference models and link-level simulation assumptions. In summary we make the following proposals:
Proposal #1:
Consider the following prioritization of the work on control channels performance requirements (in the order of priority): PDCCH/PCFICH > PHICH > EPDCCH.

Proposal #2:
Consider to define enhanced requirements in application to the following deployment scenarios (in the order of priority)

1. Homogeneous (NAICS scenario 1)

2. Heterogeneous (NAICS scenario 2a/b)

3. Heterogeneous with CRE (NAICS scenario 2a/2b with CRE)

Proposal #3:
Prioritize work on the definition of enhanced requirements in application to the synchronous networks. Further consider asynchronous networks with lower priority.
Proposal #4:
Use the following geometry and interference profiles for the definition of the enhanced demodulation requirements:
· Two dominant interferers are explicitly modelled

· Reuse NAICS scenario 1, 60% RU, Low geometry interference profiles for the dominant interferers
· Low INR: I1/Noc = 1.94 dB, I2/Noc = -0.56 dB

· Medium INR: I1/Noc = 6.33 dB, I2/Noc = 0.76 dB

· High INR: I1/Noc = 12.33 dB, I2/Noc = 1.67 dB

Proposal #5:
Define enhanced requirements for both colliding and non-colliding CRS scenarios. Use Cell ID patterns (0,6,1) and (0,1,6) for colliding and non-colliding CRS scenarios, respectively. 

Proposal #6:
Define enhanced PDCCH/PHICH/PCFICH demodulation requirements for the case of aligned control region sizes in the serving and interference cells

Proposal #7:
Use the following PDCCH/PHICH/PCFICH interference model

· PDCCH interference

· Option 1: PDCCH signal emulation using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity.
· Option 2: Explicit interferer PDCCH signal modelling.

· Partial PDCCH loading model with non-uniform PDCCH power distribution
· PHICH interference is not explicitly modelled

· PCFICH interference is explicitly modelled

· CRS interference is explicitly modelled
Proposal #8:
Define enhanced EPDCCH demodulation requirements for the case of aligned control region sizes in the serving and interference cells and for the case of PDSCH co-channel interference
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