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1. Introduction

The general objective of the “Interference mitigation for downlink control channels of LTE” WI [1] (CCIM WI) is to specify the demodulation requirements for the DL control channels under the assumption of using practical interference aware receivers that can be used for the inter-cell interference cancellation and suppression. Based on the WI objectives, the RAN4 WG needs to identify the related scenarios and realistic interference models [1]:

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


In the previous RAN4 WG meetings a number of agreements on the scenarios and interference models were reached and are captured in the WFs [2-3]. In this contribution we present our views on the remaining aspects of the scenarios and interference models. The suggested set of link-level simulation assumptions and test case is provided in the companion paper [4].
2. Discussion
2.1 Interference power profile

In accordance to the last meeting agreements, the DL control channel performance requirements should be defined for either the High or Medium interference conditions [3]:
	Interference power profile
· Rel-12 NAICS WI for Scenario 1, Low SINR, 40% RU

· Option 1: High INR (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB)

· Option 2: Medium INR (I1/Noc = 7.77 dB, I2/Noc = 2.29 dB)


Based on Rel-12 NAICS WI agreements the High INR profiles were decided to be used to define the minimum performance requirements for the NAICS PDSCH performance gain test case. In addition, as shown in the companion paper [4], the enhanced DL control channel IM receiver structures provide larger performance gains for the High INR conditions comparing to the Medium INR. This means that the High INR settings can be used to achieve a better testability of the enhanced receiver features, which would simplify the definition of the RAN4 test cases. 
Proposal #1:
Use High INR power profile to define minimum performance requirements for the performance gain test cases (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB).
2.2 PDCCH/PHICH/PCFICH interference model (synchronous networks)

In the previous meeting a number of agreements on the PDCCH/PHICH/PCFICH interference model for the synchronous networks were reached [3]:

	PDCCH/PDCCH/PHICH interference model for synchronous networks
·  The following serving and interference cell CFI values are used

· Option 1: CFIS = 1, CFII = 1

· Option 2: CFIS = 3, CFII = 3

· Option 3: CFIS = 3, CFII = 1

· PDCCH interference is emulated using random QPSK-modulated symbols with the SFBC-based precoding.

· Working assumption: PHICH interference is emulated using random QPSK-modulated symbols with the SFBC-based precoding. 

· Companies can bring inputs on the explicit PHICH interference model in the next meeting.

· Partial PDCCH/PHICH interference loading is used. Loading level is FFS (e.g. 50 or 75%).

· Non-uniform PDCCH/PHICH power boosting is used. Details FFS (e.g. random value from -6 to 6 dB)

· Interference presence and power boosting modelling granularity is FFS between per-REG and per-CCE level.

· Time and frequency offset model: Reuse Rel-12 NAICS assumptions for performance gain test cases (i.e. Interference cell #1 – 2us, 200Hz, Interference cell #2 – 3us, 300Hz)

· Both colliding and non-colliding CRS scenarios are considered.


Below, we address the remaining open issues for the PDCCH/PHICH/PCFICH interference model.
Serving and interference cells DL control region duration

The serving and interference cell downlink control region duration model is tightly coupled with the potential test purposes and the set of PDCCH/PCFICH/PHICH receiver’s functionality to be verified (see Table 1).

Table 1. Control region model for PDCCH/PCFICH/PHICH requirements

	Control region model
	Potential test purposes

	Aligned control regions in the serving and interference cells
	CFIS = 1, CFII = 1
	Verification of E-LMMSE-IRC and CRS-IC processing

	
	CFIS = 2, CFII = 2

CFIS = 3, CFII = 3
	Verification of E-LMMSE-IRC and CRS-IC processing
Verification of the interferer PCFICH blind detection

	Unaligned control regions in the serving and interference cells
	CFIS = 1, CFII = 2, 3
	Verification of E-LMMSE-IRC and CRS-IC processing

	
	CFIS = 2, CFII = 3
	Verification of E-LMMSE-IRC and CRS-IC processing

Verification of the interferer PCFICH blind detection

	
	CFIS = 2, CFII = 1

CFIS = 3, CFII = 1,2
	Verification of E-LMMSE-IRC and CRS-IC processing

Verification of the interferer PCFICH blind detection

Verification of the PDSCH interference handling


In our view, the CCIM performance requirements should verify at least proper E-LMMSE-IRC and CRS-IC processing for PDCCH/PCFICH/PHICH under an assumption of the downlink control channels interference. As discussed in [5], interferer PCFICH blind detection might provide certain performance improvement at the cost of somewhat increased UE complexity. So, the introduction of the test cases which require such functionality is subject to the decision on the reference IM receiver structure. Meantime, one simpler alternative would be to define the base requirements for the case of CFIS = CFII = 1 such that the test cases will focus on the E-LMMSE-IRC and CRS-IC performance verification.
PDCCH/PHICH/PCFICH interference loading

In our view, the full loading control region interference model can be not completely realistic and a partial interference loading should be considered instead to check receiver robustness. The interference loading can be modelled with either a per-REG or a per-CCE level granularity. The partial interference signals loading of X% means that interferer has X% REGs with active signals transmission including the REGs allocated for the PCFICH, PHICH, PDCCH transmissions, while the remaining (100-X)% REGs do not have any signals. For instance, 50% loading level can be used to define the performance requirements. 
Interference power boosting model

In general case, eNBs may apply power boosting/reduction for the DL control channel signal transmissions depending on the Uu link propagation conditions. Power boosting can be used to improve control channels coverage and increase link budget for the cell-edge UEs. In addition, power boosting can be used to control the error rate for ACK/NACK PHICH transmissions. The LTE specifications do not impose any strict constraints in terms of the possible set of used power offset values and the exact decision is up to the eNB control channel scheduler and is not known at the UE side. To reflect realistic DL control channel power boosting, the interference model with a random power boosting model can be considered. In particular, the power boosting/reduction can be modelled on a per-REG or per-CCE level with the exact values chosen randomly from the [-6:6] dB range.

PDCCH/PHICH interference model granularity

In accordance to the last meeting discussion the PDCCH/PHICH interference presence and power boosting modeling granularity is FFS between per-REG and per-CCE level. In general, the per CCE level granularity is more realistic. Based on the existing agreements, the minimum requirements will be defined under assumptions of the “conservative processing” without interference presence/power blind detections. Meantime, the blind detection should not be not precluded by the test cases. Depending on the UE implementation different types of blind detection can be considered (if any) including per-REG and per-CCE level blind detection. None of the approaches should be penalized or given some advantage in the test case. Therefore, we recommend to consider the per-CCE level interference modeling granularity.

PDSCH interference model
As suggested above the requirements should be defined at least for the case of the aligned control regions in the serving and interference cells. For this case, the PDSCH interference model does not play a crucial role and may slightly affect the CRS channel estimation accuracy (for non-colliding CRS scenarios). Therefore, a simplified OCNG model can be used instead.
If the test cases with CFIS > CFII are introduced, the PDSCH interference model will have a direct impact on the downlink control channels demodulation performance and needs to be defined carefully. In Figure 1 we illustrate the candidate CCIM receivers performance for different PDSCH scenarios including full and partial loading, per-TTI and per-PRB partial loading models and also different interference MCS/RI distributions (QPSK RI = 1 and Rel-11 LMSME-IRC based model). The E-LMMSE-IRC receiver with blind interferer PCFICH detection is considered which applies PDSCH interference pre-whitening. It can be observed that the performance gains are almost aligned for different scenarios.
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	Figure 1. Interference PDSCH model impact on the PDCCH demodulation performance


In our view, the following PDSCH interference model can be used:
· Partial loading model 
· 50% loading

· Per-PRB level loading granularity.
· Reuse PDSCH interference parameters from Rel-11 Type A receiver requirements (test case 8.3.1.1A).The probability of occurrence of transmission rank 1, 2 is 80% and 20%, respectively.

In summary we make the following proposal on the PDCCH interference model:
Proposal #2:
PDCCH/PCFICH/PHICH interference model for synchronous networks

· The following serving and interference cell CFI values are used

· CFIS = 1, CFII = 1

· FFS whether additional scenarios should be considered.

· Partial PDCCH/PHICH interference loading model

· Per-CCE presence and power boosting granularity
· 50 % loading level

· Random PDCCH/PHICH power boosting from -6 to 6 dB range
· PDSCH interference model
· CFIS ≤ CFII: PDSCH is emulated via OCNG
· CFIS > CFII: Reuse Rel-11 Type A receiver interference model with per-PRB partial level model. 50% loading is used.
· Confirm working assumption: PHICH interference is emulated using random QPSK-modulated symbols with the SFBC-based precoding. 

2.3 EPDCCH interference model (synchronous networks)

In the previous RAN4 meeting the following agreements on the interference model for EPDCCH were made [2]:

	EPDCCH interference model for synchronous networks
· Control region duration in the serving and interference cells

· Previous agreements are revised to align with the existing EPDCCH FRCs

· Distributed EPDCCH: CFI=2, EPDCCH starting symbols is derived from CFI

· Localized EPDCCH: The EPDCCH starting symbol is 2. CFI = 1. EPDCCH starting symbol is RRC configured.

· Aligned control regions and EPDCCH starting symbols in the serving and interference cells

· Non-colliding CRS scenarios is considered only

· PDSCH interference model

· Interference structure

· Option 1: Reuse PDSCH interference model from Rel-11 Type A receiver requirements

· Option 2: TM9 QPSK RI = 1

· Partial loading model is used.

· Option 1: per-TTI level partial level model (i.e. on/off interference model)

· Option 2: per-PRB model

· Loading level is FFS (e.g. 50%)


Hence, the main remaining aspect which needs to be decided for the EPDCCH test cases is the PDSCH interference model. Based on the analysis of the simulation results in [6] using full PDSCH interference loading does not allow verification of the CRS-IC functionality at the UE side. Meanwhile, using “no PDSCH interference model” does not allow verification of the proper LMMSE-IRC pre-whitening implementation. Therefore, to reduce the number of the test cases, a partial PDSCH interference loading model can be considered to enable verification of the LMMSE-IRC and CRS-IC functionality in a single test case. In Figure 2 we illustrate the summary of EPDCCH link-level simulation results in case of High interference power profile, partial PDSCH loading (50 %) and different interference PDSCH models. In particular? We consider per-TTI and per-PRB interference loading models with different MCS/RI distributions (QPSK RI 1 and Rel-11 LMSME-IRC model). The simulation results indicate that that the LMMSE-IRC receivers have approximately the same performance in all considered scenarios. However, CRS-IC processing is more efficient in the scenarios with per-PRB partial loading model. 
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	Figure 2. Interference model impact on EPDCCH demodulation performance.


Therefore, the following PDSCH interference parameters are suggested:
· Partial interference PDSCH loading model

· Per-PRB level partial level model
· Loading level is 50%

· Reuse PDSCH interference parameters from Rel-11 Type A receiver requirements (test case 8.3.1.1A).The probability of occurrence of transmission rank 1, 2 is 80% and 20%, respectively.

Proposal #3:
PDSCH interference model for EPDCCH tests in synchronous networks

· Per-PRB partial level model with 50% loading

· Reuse PDSCH interference parameters from Rel-11 Type A receiver requirements (test case 8.3.1.1A). The probability of occurrence of transmission rank 1, 2 is 80% and 20%, respectively.

2.4 Asynchronous interference model

In RAN4 76bis meeting the following agreements on the interference model for the asynchronous network scenarios were made [7]:

	· Option 1: 1/3 and 2/3 subframes as timing offset for the 2 NCs (i.e. same as for Rel.11 MMSE-IRC).

· Other options are not precluded


In the last RAN4 meeting the WF on the asynchronous interference model was discussed but not agreed. In our understanding the current RNA4 agreements assume that the LMMSE-IRC receiver can be applied for the EPDCCH processing in the asynchronous network scenarios and the respective test cases can be defined. At the same time there is no consensus on the introduction of the test cases for the PDCCH. Below, we provide our views on the respective model which can be used in case the WG agrees to introduce the test cases for the asynchronous networks.
The asynchronous model is applicable for both PDCCH/PCFICH/PHICH and for the EPDCCH test cases. In our view, Option 1 assumptions are very well aligned with the existing RAN4 methodology. One additional aspect which needs to be decided is the signal model for the interference signals. The following parameters are suggested:
· Full PDSCH loading with QPSK RI = 1 interference

· Full PDCCH/PHICH/PCFICH region loading (can be modelled as OCNG)
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Figure 3. Asynchronous interference model

Proposal #4:
Interference model for asynchronous network scenarios:
· 1/3 and 2/3 subframes as timing offset for the 2 NCs.
· Interference cells have full PDSCH and PDCCH loading.
· Reuse interference model from Rel-11 Type A receiver requirements.
3. Conclusions

In this contribution we have provided our views on the on the DL Control Channel IM WI interference models. In summary, we make the following proposals:
Proposal #1:
Use High INR power profile to define minimum performance requirements for the performance gain test cases (I1/Noc = 13.91 dB, I2/Noc = 3.34 dB).
Proposal #2:
PDCCH/PCFICH/PHICH interference model for synchronous networks

· The following serving and interference cell CFI values are used

· CFIS = 1, CFII = 1

· FFS whether additional scenarios should be considered.

· Partial PDCCH/PHICH interference loading model

· Per-CCE presence and power boosting granularity
· 50 % loading level

· Random PDCCH/PHICH power boosting from -6 to 6 dB range

· PDSCH interference model
· CFIS ≤ CFII: PDSCH is emulated via OCNG
· CFIS > CFII: Reuse Rel-11 Type A receiver interference model with per-PRB partial level model. 50% loading is used.
· Confirm working assumption: PHICH interference is emulated using random QPSK-modulated symbols with the SFBC-based precoding. 

Proposal #3:
PDSCH interference model for EPDCCH tests in synchronous networks

· Per-PRB partial level model with 50% loading

· Reuse PDSCH interference parameters from Rel-11 Type A receiver requirements (test case 8.3.1.1A). The probability of occurrence of transmission rank 1, 2 is 80% and 20%, respectively.

Proposal #4:
Interference model for asynchronous network scenarios:
· 1/3 and 2/3 subframes as timing offset for the 2 NCs.
· Interference cells have full PDSCH and PDCCH loading.
· Reuse interference model from Rel-11 Type A receiver requirements.
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