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1 Introduction

The WID for control channels interference mitigation is approved in [1]. The interference model is requested as one important objective for the WI to be fulfilled as following.

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

In this contribution we provide our consideration on the interference model for this WI.
2 Interference model for PDCCH/PCFICH/PHICH
The interference model for PDCCH/PCFICH/PHICH can focus on the first 3 OFDM symbols for 10MHz bandwidth. We list the following items to be considered to design the interference model.

The following results are based on CCE=1, CFI=1, full load on NC, EVA70 low, and different receiver types as stated in [2], where the interference level is using high INR from NAICS scenario, as suggested in [4], for 1 or 2 NCs for evaluation purposes.  The results of PDCCH are shown without dependence from PCFICH.
2.1 Number of interfering cells
It has been suggested to reuse the NAICS scenarios with high INR on 2 NCs from [4]. The following results evaluate the performance when under 1 or 2 NCs for both colliding and non-colliding CRS, with no time/frequency offsets.
2.1.1 Colliding CRS without CRS-IC with 1 and 2 NCs

From link level the performance impact of different receiver type for 1 or 2 NCs is shown in Figure 1 and 2 below.
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Figure 1 BLER of PCFICH and PDCCH under iterative channel estimation with colliding CRS w/o CRS-IC with 2 NCs modelled but 1 NC interference mitigated
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(b) PDCCH

Figure 2 BLER of PCFICH and PDCCH under iterative channel estimation with colliding CRS w/o CRS-IC with 1 NCs modelled but 1 NC interference mitigated

2.1.2 Non-colliding CRS with CRS-IC with 1 and 2 NCs
From link level the performance impact of different receiver type for 1 or 2 NCs is shown in Figure 3 and 4 below.

[image: image5.png]bler_pofich

11102121 11102122 41102123 41102124 41102125

10°
107!
102
—&—MRC
103 F | ——IRC
—&—ERc’
—#—EIRC?
—%—ERC®
104
20 48 6 4 a2 10

extern.SINR

K



 [image: image6.png]bler_pdcch

100

11102121 11102122 41102123 41102124 41102125

107

a2 0
extern.SINR

K




(a) PCFICH










 


(b) PDCCH

Figure 3 BLER of PCFICH and PDCCH under practical channel estimation with colliding CRS w/ CRS-IC with 2 NCs modelled but 1 NC interference mitigated
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(b) PDCCH

Figure 4 BLER of PCFICH and PDCCH under practical channel estimation with non-colliding CRS w/ CRS-IC with 1 NCs modelled but 1 NC interference mitigated

So it can be confirmed with 2 NCs considered with NAICS scenarios reused there are still sufficient gain observed for both colliding and non-colliding cases,.

Proposal 1: Keep 2 NCs modelled with 1 NC interference mitigated for control channels interference mitigation WI with NAICS scenario resued with high INR.

2.2 Timing and frequency offset impact
It was also suggested to reuse the NAICS scenarios with same time and frequency offsets on 2 NCs from [4]. From link level the performance impact of different receiver type for such timing and frequency offsets for non-colliding CRS without CRS-IC is shown in Figure 5 and 6 below.
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(b) PDCCH

Figure 5 BLER of PCFICH and PDCCH under practical channel estimation with colliding CRS w/o CRS-IC with 2 NCs with time/frequency offsets
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(b) PDCCH

Figure 6 5 BLER of PCFICH and PDCCH under practical channel estimation with colliding CRS w/o CRS-IC with 2 NCs without time/frequency offsets

So it can be confirmed with 2 NCs considered with timing and frequency offsets from NAICS scenarios reused there are still sufficient gain observed, though the performance gain is very much reduced compared to the case without any time/frequency offsets.

Proposal 2: Keep same timing and frequency offsets from NAICS scenarios on 2 NCs on control channels interference mitigation WI.
2.3 Interference properties

The interference for PDCCH/PCFICH/PHICH can vary a lot depending on different conditions. Basically it can be partitioned by the following 2 cases.
CFI is aligned between SC and NC

When CFI is aligned between SC and NCs from SC point of view the PDCCH may be corrupted by various components from NCs as following, assuming synchronized cells.
Symbol 0:   PCFICH, PHICH, PDCCH, CRS

Symbol 1:   PHICH, PDCCH, ePDCCH, PDSCH, CRS

Symbol 2:   PHICH, PDCCH, ePDCCH, PDSCH (, DMRS)

Symbol 3:   PDCCH, ePDCCH, PDSCH (, DMRS)

Considering such interference properties above depending on if it’s colliding or non-colliding CRS different receiver types may be considered according to [2] in order to get better performance.
CFI is not aligned between SC and NC, or asynchronous network, or cross carrier scheduling
When CFI is not aligned between SC and NCS, or asynchronous network, or CA with cross carrier scheduling, the SC PDCCH can be also interferered by PDSCH. Then for such PDSCH type of interference it may require more information, e.g. similar to NAICS in Rel-12 for a proper interference mitigation such as E-LMMSE_IRC, which is beyond the scope of the WI where only CRS-assistance-info is reused without any other further assistant signalling. So it’s preferred to not consider such interference within this WI, to simplify the work within limited time as well.

But such conditions are still considered as typical and useful scenarios where MMSE-IRC can be considered whenever PDSCH is taken as interference.

Proposal 3: Only consider aligned CFI case for E-LMMSE-IRC receiver and non-aligned CFI or async network with MMSE-IRC receiver for case whenever PDSCH is taken as interference.
For the PDSCH interference case also in order to simplify the test configuration it should be good enough to model an asynchronous network with full load and CFI not aligned, e.g. CFI=3 on SC and CFI=1 on NCs with timing offsets as 1/3 and 2/3 subframes for 2 NCs.

Proposal 4: Model PDSCH interference as asynchronous network with full load and CFI not aligned, e.g. CFI=3 on SC and CFI=1 on NCs with timing offsets as 1/3 and 2/3 subframes for 2 NCs, for MMSE-IRC receiver performance requirement.
2.4 CFI for both SC and NC

As analysis and results shown in [2] for non-colliding CRS the interference property is different in OFDM symbol index 0 than the rest 2 OFDM symbols, and for colliding CRS the interference property is then always the same on all possible OFDM symbol indexes. So in order to keep the performance focused on one type of receiver we propose to use CFI=1 for non-colliding CRS case and CFI=2 for colliding CRS case for CFI aligned case between SC and NCs for E-LMMSE-IRC receiver.
Proposal 5: Use CFI=1 for non-colliding CRS case and CFI=2 for colliding CRS case for CFI aligned case between SC and NCs for E-LMMSE-IRC receiver.

2.5 NCs load
For SC it’s important to decide the AL so certain level of coding rate is fixed. For NCs it’s more important to consider the load when it comes to interference mitigation. One possibility is to consider full load as specified for NAICS WI. The benefits of such full load NC model are the following. So we propose to take such full load modelling as first priority to be considered.

· The test configuration is simplified to simply reuse the NAICS interference model on control channels. 

· With full load on NC for control channels it reflects the realistic condition when many users are presented in the NCs.

· With full load there is more sufficient gain by the more advanced receivers to mitigate interference so it’s easier to specify performance requirements.

Proposal 6: Consider full load on NCs on control channels by reusing NAICS test configuration as 1st priority.

However under the real network the load varies a lot so it happens very often with partial load on NCs. The benefits of such partial load NC models are the following. So we propose to take such partial load modelling as second priority to be considered.

· Partial load provides the general overview on how many users are presented in the NCs which may better reflect the practical network operation.
· There will be more performance gain under partial load when CRS-IC is used.

Proposal 7: Consider partial load on NCs on control channels as 2nd priority at least for non-colliding CRS case with details to be decided later from performance results, including gain from CRS-IC as well.

One more clarification on the definition of partial load is to assume same number of load on both NCs but the RE allocation can be random, as long as following the standard way, e.g. 30% load means 30% PDCCH on both NCs and PCFICH is always presented together with CRS on both NCs. Other options may be considered but may further complicate the setup.

Proposal 8: For partial load cases, assume same number of load on both NCs but the RE allocation can be random, as long as following the standard way, e.g. 30% load means 30% PDCCH on both NCs and PCFICH is always presented together with CRS on both NCs.

2.6 Power level for different UEs in NCs

For different control channels the eNB can actually vary the power level to better adjust the system performance which is taken as a general feature from eNB. It’s important at the beginning stage of this WI to more study the impact on performance if such power level for different UEs could bring different impact or not.
One example case to be studied is the following by comparing the performance difference by different power levels for different UEs on NC with full load. The other conditions keep the same as other proposals in this paper and [2~5].
· Assume 3 UEs on 1st dominant NC with power level as 0dB for all. 
· Assume 3 UEs on 1st dominant NC with power level as -3, 0, 3dB for each.

Proposal 9: Study the impact of different power levels for different UEs on the NCs interference modelling by the proposed example above.
3 Interference model for ePDCCH

For ePDCCH with results and analysis shown in [2~5] we can consider MMSE-IRC with or without CRS-IC as the reference receiver to mitigate the interference. So full load PDSCH interference can be considered when no CRS-IC is used and zero load PDSCH interference can be considered when CRS-IC is used.
Proposal 10: For ePDCCH interference model, full load PDSCH interference can be considered when no CRS-IC is used and zero load PDSCH interference can be considered when CRS-IC is used.

4 Conclusion

This contribution provides simulation results for NAICS with observations and proposals as following.
Proposal 1: Keep 2 NCs modelled with 1 NC interference mitigated for control channels interference mitigation WI with NAICS scenario resued with high INR.

Proposal 2: Keep same timing and frequency offsets from NAICS scenarios on 2 NCs on control channels interference mitigation WI.
Proposal 3: Only consider aligned CFI case for E-LMMSE-IRC receiver and non-aligned CFI or async network with MMSE-IRC receiver for case whenever PDSCH is taken as interference.
Proposal 4: Model PDSCH interference as asynchronous network with full load and CFI not aligned, e.g. CFI=3 on SC and CFI=1 on NCs with timing offsets as 1/3 and 2/3 subframes for 2 NCs, for MMSE-IRC receiver performance requirement.Proposal 5: Use CFI=1 for non-colliding CRS case and CFI=2 for colliding CRS case for CFI aligned case between SC and NCs for E-LMMSE-IRC receiver.

Proposal 6: Consider full load on NCs on control channels by reusing NAICS test configuration as 1st priority.
Proposal 7: Consider partial load on NCs on control channels as 2nd priority at least for non-colliding CRS case with details to be decided later from performance results, including gain from CRS-IC as well.

Proposal 8: For partial load cases, assume same number of load on both NCs but the RE allocation can be random, as long as following the standard way, e.g. 30% load means 30% PDCCH on both NCs and PCFICH is always presented together with CRS on both NCs.

Proposal 9: Study the impact of different power levels for different UEs on the NCs interference modelling by the proposed example below.
· Assume 3 UEs on 1st dominant NC with power level as 0dB for all. 
· Assume 3 UEs on 1st dominant NC with power level as -3, 0, 3dB for each.

Proposal 10: For ePDCCH interference model, full load PDSCH interference can be considered when no CRS-IC is used and zero load PDSCH interference can be considered when CRS-IC is used.
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