3GPP TSG-RAN WG4 Meeting #77                                                               R4-157553
Anaheim, USA, 16th-20th November, 2015
Agenda Item:
7.4.3
Source: 
Ericsson
Title: 
Proposals on interference model for PDCCH/PCFICH/PHICH for synchronous network
Document for:
Discussion
1 Introduction

In RAN4#76bis meeting the following agreements were made in the way forward of interference model for PCFICH/PDCCH/PHICH.

· PDCCH/PCFICH/PHICH interference model
· PDCCH interference:
· Option 1: Emulated via using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity
· Option 2: Explicitly modelled
· FFS whether PHICH interference signal is explicitly modelled
· PCFICH interference signal is explicitly modelled
· CRS interference is explicitly modelled
· PDCCH interference loading model
· Option 1: Full loading (i.e. 100%)
· Option 2: Partial loading (loading level is FFS, e.g. 10%, 25%, 50%, 75%)
· PDCCH/PHICH/PCFICH interference power boosting model
· Option 1: No power boosting modelled
· Option 2: Power boosting modelled, for example
· Different PDCCH transmissions or PDCCH REGs may have different power boosting
· Power boosting model is FFS including set of possible power boosting values used by the eNB
In this contribution we provide our consideration on the interference model for PDCCH/PCFICH/PHICH under synchronous network.
2 Interference model for PDCCH/PCFICH/PHICH under synchronous network
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=4, CFI=1, full load or partial load on NC, EVA70 low, and different receiver types as stated in [1], where the interference level is using high INR from NAICS scenario, for 1 or 2 NCs for evaluation purposes.  The results of PDCCH are shown with dependence from PCFICH.
2.1 Number of interfering cells
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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(a) PCFICH










 


(b) PDCCH

Figure 1 BLER of PCFICH and PDCCH under practical 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 practical 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.
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(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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(a) PCFICH










 


(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 PCFICH/PDCCH/PHICH under synchronous network using E-IRC receivers.

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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(a) PCFICH










 


(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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(a) PCFICH










 


(b) PDCCH

Figure 6 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 for synchronous network.
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 [1] in order to get better performance so it’s better to focus on the aligned CFI case in order to better evaluate performance different receiver types under synchronous network.
CFI is not aligned between SC and NC, or cross carrier scheduling
When CFI is not aligned between SC and NCs, or CA with cross carrier scheduling, the SC PDCCH can be also interferered by PDSCH even under synchronous network. But such conditions are still considered as typical and useful scenarios where MMSE-IRC can be considered whenever PDSCH is taken as interference. Then it means different OFDM symbol may be considered to be applied with different receiver types which may bring difficulty to differentiate the receiver type.
Proposal 3: Only consider aligned CFI case for E-LMMSE-IRC receiver under synchronous network. FFS for non-aligned CFI case with receiver type TBD.
2.4 CFI for both SC and NC

As analysis and results shown in [1] 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 4: 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 PHICH modelling in NCs

For PHICH it uses BPSK with scrambling code on different UEs so the NC PHICH properties become QPSK-ish type which can be handled in a similar way as PCFICH/PDCCH. However it’s important to model such PHICH on NCs not in a too sparse way, e.g. the existing PHICH test has NG=1 which generates many so far undefined PHICH groups. By having smaller Ng also the load in NC PDCCH region is easier to control so we think it’s good to have NC PHICH with NG=1/6 on both SC and NCs.
Proposal 5: Explicitly model PHICH with NG=1/6 on both SC and NCs.

2.6 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.

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 at least for non-colliding CRS case, 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. 50% load means 50% 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. 50% load means 50% PDCCH on both NCs and PCFICH is always presented together with CRS on both NCs.
Then based on the above proposals on the NCs loads, Figure 7~11 show the BLER with 100%, 70%, 50%, 30% and 0% load on NC PDCCH with Tx diversity modelled for per-REG level with colliding CRS under synchronous network.
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(a) PCFICH










 


(b) PDCCH

Figure 7 BLER of PCFICH and PDCCH with colliding CRS w CRS-IC with 100% load
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(a) PCFICH










 


(b) PDCCH

Figure 8 BLER of PCFICH and PDCCH with colliding CRS w CRS-IC with 70% load
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(a) PCFICH










 


(b) PDCCH

Figure 9 BLER of PCFICH and PDCCH with colliding CRS w CRS-IC with 50% load
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(a) PCFICH










 


(b) PDCCH

Figure 10 BLER of PCFICH and PDCCH with colliding CRS w CRS-IC with 30% load
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(a) PCFICH










 


(b) PDCCH

Figure 11 BLER of PCFICH and PDCCH with colliding CRS w CRS-IC with 0% load

2.7 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.
Figure 12~15 show the NC load with 100%, 50%, 0% with power level randomly chosen from {-3, 0, 3dB} and NC PDCCH is using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity.
So there are sufficient gain observed with partial load together with different power level randomly changed from {-3, 0, 3dB} for per REG level randomly changed for each subframe. The benefit of such interference model is from simplicity point of view that no need to go into details on e.g. how many UEs needs to be modelled, how much the AL needs to be considered for each UE, etc.

Proposal 9: Consider partial load with 50% load on both NCs together with power level randomly chosen from {-3, 0, 3dB} using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity changing for each subframe.
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(a) PCFICH










 


(b) PDCCH

Figure 7 BLER of PCFICH and PDCCH with colliding CRS w CRS-IC with 100% load
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(a) PCFICH










 


(b) PDCCH

Figure 9 BLER of PCFICH and PDCCH with colliding CRS w CRS-IC with 50% load
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(b) PDCCH

Figure 11 BLER of PCFICH and PDCCH with colliding CRS w CRS-IC with 0% load
3 Summary of interference model for synchronous network

As above analysis and proposals the following Table 1 summarizes the interference model for PCFICH/PDCCH/PHICH under synchronous network.
Proposal 10: Take Table 1 as interference model for PCFICH/PDCCH/PHICH under synchronous network.

Table 1 Interference model for PCFICH/PDCCH/PHICH for synchronous network

	
	Synchronous network

	Interference profile
	NAICS high INR with 2 NCs modelled and 1 NC considered mitigated in E-MMSE-IRC receiver

	Time offset
	2, 3us for 2 NCs

	Frequency offset
	200, 300Hz for 2 NCs

	CFI
	Aligned CFI with CFI=2 for colliding CRS and CFI=1 for non-colliding CRS 

	NC model
	Random interference model with TM9 from NAICS

	NC PDCCH model
	Option 1: Full load reusing NAICS interference model on control regions
Option 2: Partial load with 50% load on both NCs together with power level randomly chosen from {-3, 0, 3dB} using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity

	NC PHICH model
	Explicitly modelled with NG=1/6 for both SC and NCs


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 PCFICH/PDCCH/PHICH under synchronous network using E-IRC receivers.

Proposal 2: Keep same timing and frequency offsets from NAICS scenarios on 2 NCs on control channels interference mitigation WI for synchronous network.
Proposal 3: Only consider aligned CFI case for E-LMMSE-IRC receiver under synchronous network. FFS for non-aligned CFI case with receiver type TBD.

Proposal 4: 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: Explicitly model PHICH with NG=1/6 on both SC and NCs.

Proposal 6: Consider full load on NCs on control channels by reusing NAICS test configuration.
Proposal 7: Consider partial load on NCs on control channels at least for non-colliding CRS case, 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. 50% load means 50% PDCCH on both NCs and PCFICH is always presented together with CRS on both NCs.
Proposal 9: Consider partial load with 50% load on both NCs together with power level randomly chosen from {-3, 0, 3dB} using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity changing for each subframe.
Proposal 10: Take Table 1 as interference model for PCFICH/PDCCH/PHICH under synchronous network.

Table 1 Interference model for PCFICH/PDCCH/PHICH for synchronous network

	
	Synchronous network

	Interference profile
	NAICS high INR with 2 NCs modelled and 1 NC considered mitigated in E-MMSE-IRC receiver

	Time offset
	2, 3us for 2 NCs

	Frequency offset
	200, 300Hz for 2 NCs

	CFI
	Aligned CFI with CFI=2 for colliding CRS and CFI=1 for non-colliding CRS 

	NC model
	Random interference model with TM9 from NAICS

	NC PDCCH model
	Option 1: Full load reusing NAICS interference model on control regions

Option 2: Partial load with 50% load on both NCs together with power level randomly chosen from {-3, 0, 3dB} using random QPSK-modulated symbols with the SFBC-based precoding with per-REG signal transmission granularity

	NC PHICH model
	Explicitly modelled with NG=1/6 for both SC and NCs
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