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1 Introduction

In the latest status report in RAN#70 the following open issue was added in [1] with the goal to evaluate and specify proper PDCCH/PCFICH/PHICH requirements with advance receiver under asynchronous network.

· Evaluate reference IM receiver structure for PDCCH/PCFICH/PHICH in asynchronous network

· The async network related requirements/test cases may or may not be introduced in this WI. This shall be decided based on the conclusion of the evaluation by RAN4#79. The WI should be completed within Rel-13.

In RAN4#78 meeting the following simulation assumptions were proposed for the control channel interference mitigation WI related to asynchronous network in [2].
	Parameters
	Value

	System bandwidth
	10MHz for both serving cell and interfering cells

	Duplexing mode
	FDD

	Cyclic prefix
	Normal

	Number of interference cells
	2 interfering cells

	Cell id
	Non-Colliding CRS: Interferer cell #1 - 1, Interferer cell #2 – 6

	Interference power profile
	High INR: I1/Noc = 13.91 dB, I2/Noc = 3.34 dB

	Network synchronization scenarios
	Time offset: 1/3 and 2/3 subframes as timing offset for the 2 NCs

Frequency offset: 0 Hz between all cells

	CRS ports
	Port 0 and 1

	Antenna configuration
	2x2 with Low correlation

	Tx EVM
	6%

	Unused Serving cell RE-s and PRB-s
	OCNG

	Interference model for asynchronous scenario
	Rel-11 Type A receiver asynchronous interference model (TS 36.101 B.5.2)

Companies can provide results for additional scenarios 

	Channel model
	EVA70

	Number of PHICH groups (Ng)
	1

	PHICH duration
	Normal

	PDCCH/PCFICH parameters

	Serving cell PDCCH
	AL 2, 4; DCI Format 2 (43 bits – FDD, 10MHz)

	CFI
	CFIS = 3, CFII = 3

	Performance metrics
	Pm-dsg vs SINR

	PHICH parameters

	PHICH FRC
	R.19 in TS 36.101

	CFI
	CFIS = 1, CFII = 1

	Performance metrics
	Pm-an vs SINR


In this contribution we provide our view on the key points of UE implementation using advance receiver to decode control channel and evaluate the candidate receiver for asynchronous network together with simulation results and proposals for PDCCH/PCFICH/PHICH under asynchronous network.
2 Discussion on UE implementation

When it comes to UE demodulation performance with MMSE-IRC or MMSE-MRC receiver applied the key points from UE implementation point of view are the channel estimation and noise estimation, which were heavily discussed during Rel-11 Type A timeframe for PDSCH demodulation requirements. The difference on demodulating the control channels comparing to PDSCH is that the control region is limited within the first 3 OFDM symbols so it is reasonable for the UE to use not the full subframe in order to decode PDCCH as early as possible, e.g. to use only the 1st OFDM symbol or the first 4 OFDM symbols containing CRS to perform channel estimation and noise estimation to fulfill that purpose. But it is fully up to UE implementations on how many OFDM symbols are to be used for control channel decoding, e.g. either on channel estimation or noise estimation. It’s completely fine for the UE to use all the CRSs under the whole subframe to perform such channel and noise estimation to decode PDCCH.
Observation 1: It is fully up to UE implementations on how many OFDM symbols are to be used for control channel decoding, e.g. either on channel estimation or noise estimation.  But it is reasonable  to assume for the UE to not use the full subframe in order to decode PDCCH as early as possible, e.g. to use only the 1st OFDM symbol or the first 4 OFDM symbols containing CRS to perform channel estimation and noise estimation.
The above assumptions are not only for MMSE-IRC receiver but also valid for MMSE-MRC receiver as the baseline. It’s important that we assume the same type of UE implementations for both of the receiver types so the determined gain can be trusted. This means if we assume to use all CRSs available within the whole subframe that should be applied for both MMSE-IRC and MMSE-MRC receivers, on the other hand if we assume to only use CRS from the 1st OFDM symbol to decode PDCCH then that should be used for both MMSE-IRC and MMSE-MRC receivers. That’s the only fair assumptions to determine the performance gain from the advanced receiver comparing to the legacy receiver is sufficient or not. 
Observation 2: Same assumptions on UE implementation should be applied for both MMSE-IRC and MMSE-MRC in order to have a fair comparison for the relative gain, e.g. if we assume to use all CRSs available within the whole subframe or to only use CRS from the 1st OFDM symbol to decode PDCCH.
For UE demodulation requirements of PDSCH in Rel-11 for Type A receiver the assumptions to derive minimum perfromanc were based on 1 PRB pair for channel estimation and noise estimation. But for control channel with MMSE-IRC receiver it’s also up to UE implementation if the same assumption used for PDSCH is also used for PDCCH.

Observation 3: It’s up to UE implementation if the same assumption used for PDSCH is also used for PDCCH, e.g. the number of PRBs used for channel estimation and noise estimation in frequency domain. Different number of PRBs in frequency domain can be considered for channel estimation and noise estimation.

Then depending on the channel condition and speed it’s also up to UE implementation on how to perform such channel estimation and noise estimation, e.g. if certain adaptive filter in time domain is applied for channel estimation or noise estimation. Based on our knowledge a reasonable and proper UE implementation should take into account the fading channel condition together with the speed in terms of Doppler estimation to adapt the channel estimation and noise estimation dynamically in time domain, which means not only the current subframe but also the previous subframes should be considered for such estimations adaptively depending on the condition. This is valid for both PDSCH and control channels. One possible difference between PDSCH and PDCCH is in order to decode PDCCH as early as possible the UE may only use the first OFDM symbol for the estimations but for PDSCH it can use all symbols within the whole subframe. But alternatively it’s up to the UE to use e.g. the first 4 OFDM symbols for such estimation to decode PDCCH which is considered to be reasonable too since there are more CRSs to be used with 4 symbols and there are some delay from a practical UE processing point of view. 
Observation 4: Adaptive filter for channel estimation and noise estimation depending on the Doppler could be considered as reasonable UE implementation to achieve better performance for MMSE-IRC receiver for PDCCH decoding.

In the following figures we provide simulation results with 2 different methods of UE implementation. The 1st one is using the current full subframe for both channel estimation and noise estimation on control channels. The 2nd one is using the first 4 OFDM symbols containing CRSs together with a recursive adaptive filtering considering the Doppler from the speed for channel and noise estimation, meaning not only the existing subframe but also the previous subframes are taken into account within the filter with different coefficients. In frequency domain 1 PRB is assumed for channel estimation and 3 PRBs are considered for noise estimation. More simulation assumptions are listed in Table 1.
Table 1 Simulation assumption for evaluation under asynchronous network for control channels

	Parameters
	Values

	Network setup
	Asynchronous network with 2 interfering cells as 1/3 and 2/3 subframe timing offsets

	Bandwidth
	10MHz

	Antenna configuration
	2x2

	INR
	High INR

	Propogation channel
	EPA5, EVA70, ETU70

	CFI
	1

	AL
	1

	Receiver types
	MMSE-IRC, MMSE-MRC

	Number of PRBs in frequency domain used
	1 PRB is assumed for channel estimation and 3 PRBs are considered for noise estimation


Figure 1 shows under EPA5 with rather low speed and by taking some more subframes in previously it can gain robust noise estimation. Figure 2 and Figure 3 show results for EVA70 and ETU70 under a more fading channel also with higher speed with Doppler up to 70Hz. It can be seen with recursive way of making the channel and noise estimations in an adaptive way the performance is almost the same as using the current full subframe. So it’s feasible to define proper requirements under asynchronous network for control channels with a practical UE implementation on channel and noise estimation.
Observation 5: No obvious performance loss is observed comparing taking the current full subframe for channel and noise estimation to only using the first 4 OFDM symbols with adaptive filter for control channel decoding.

Proposal 1: Define proper requirements under asynchronous network for control channels with a practical UE implementation on channel and noise estimation.
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Figure 1 BLER of PDCCH under EPA5
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Figure 2 BLER of PDCCH under EVA70
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Figure 3 BLER of PDCCH under ETU70
3 Performance results under asynchronous network

3.1 PDCCH/PCFICH 
The simulation results are based on existing test parameters from the tables above with 6% Tx EVM assumed for all tests. Figure 4 and 5 show the BLER where thePDCCH BLER has included the PCFICH BLER dependency for NCs using AL=2 and AL=4 respectively with 100% NC load with high INR.
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Figure 4 BLER for PCFICH and PDCCH with high INR 100% load and AL=2
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Figure 5 BLER for PCFICH and PDCCH with high INR 100% load and AL=4
3.2 PHICH 

The simulation results are based on existing test parameters from the tables above with 6% Tx EVM assumed for all tests. Figure 6 shows the BLER of PHICH with 100% NC load and high INR and CFI=1_1.
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Figure 6 BLER for PHICH with 100% load and high INR
Based on the results sufficient gain has been observed with the proposed simulation assumption from [2] so it’s important to specify such tests under asynchronous network.
Proposal 2: Non-colliding CRS under 100% NC loads with asynchronous network should be considered for PCFICH/PDCCH with MMSE-IRC, with sufficient gain observed with AL=2.

Proposal 3: Non-colliding CRS under 100% NC loads with asynchronous network should be considered for PHICH with MMSE-IRC, with sufficient gain observed with AL=2.
4 Conclusion

This contribution provides results for asynchronous network with MMSE-IRC receiver with observations and proposals as following.
Observation 1: It is fully up to UE implementations on how many OFDM symbols are to be used for control channel decoding, e.g. either on channel estimation or noise estimation.  But it is reasonable  to assume for the UE to not use the full subframe in order to decode PDCCH as early as possible, e.g. to use only the 1st OFDM symbol or the first 4 OFDM symbols containing CRS to perform channel estimation and noise estimation.
Observation 2: Same assumptions on UE implementation should be applied for both MMSE-IRC and MMSE-MRC in order to have a fair comparison for the relative gain, e.g. if we assume to use all CRSs available within the whole subframe or to only use CRS from the 1st OFDM symbol to decode PDCCH.

Observation 3: It’s up to UE implementation if the same assumption used for PDSCH is also used for PDCCH, e.g. the number of PRBs used for channel estimation and noise estimation in frequency domain. Different number of PRBs in frequency domain can be considered for channel estimation and noise estimation.

Observation 4: Adaptive filter for channel estimation and noise estimation depending on the Doppler could be considered as reasonable UE implementation to achieve better performance for MMSE-IRC receiver for PDCCH decoding.
Observation 5: No obvious performance loss is observed comparing taking the current full subframe for channel and noise estimation to only using the first 4 OFDM symbols with adaptive filter for control channel decoding.

Proposal 1: Define proper requirements under asynchronous network for control channels with a practical UE implementation on channel and noise estimation.

Proposal 2: Non-colliding CRS under 100% NC loads with asynchronous network should be considered for PCFICH/PDCCH with MMSE-IRC, with sufficient gain observed with AL=2.
Proposal 3: Non-colliding CRS under 100% NC loads with asynchronous network should be considered for PHICH with MMSE-IRC, with sufficient gain observed with AL=2.
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