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1. Introduction

In the previous meetings multiple agreements on the reference DL control channel IM receiver structures were agreed and in the end, reference IM receiver structures for EPDCCH and for PDCCH/PCFICH/PHICH in synchronous networks were defined.

In this contribution we provide a summary of the up to date RAN4 agreements on the reference IM receiver structures for the convenience and in order to simplify further work on the requirements definition, We also address a few remaining details including the reference IM receivers for the PDCCH/PHICH in the asynchronous networks.

2. Discussion

2.1 Summary of the RAN4 agreements on the Reference IM receiver structures
First, in this section we would like to summarize the up to date RAN4 work on the definition of the DL Control Channel IM reference IM receiver structure and provide a general summary of the agreements. Below, we provide the essence of the RAN4 agreements based on the progress in the previous meetings [1-2].

	· Baseline Rel.8-12 control channel receiver structures

· PDCCH, EPDCCH, PCFICH/PHICH: LMMSE-MRC receiver 

· Enhanced IM receiver structures for EPDCCH

· Synchronous network scenarios: LMMSE-IRC + Non-colliding CRS-IC

· Asynchronous network scenarios: LMMSE-IRC

· Enhanced IM receiver structures for PDCCH/PCFICH/PHICH in synchronous networks
· Two types of reference IM Receiver structures for PDCCH/PCFICH/PHICH in synchronous networks

· Type A IM receiver: LMMSE-IRC + CRS-IC

· Type C IM receiver: E-LMMSE-IRC + CRS-IC 

· Assumptions on number of co-processed REs for E-LMMSE-IRC receiver structure (Type C)

· Colliding CRS: 2 REs for symbols #0 and symbols #1, #2 under assumption UE has information on PDCCH/PHICH interference presence on these symbols 

· Non-colliding CRS: 1 RE for symbol #0 and 2 REs for symbols #1 and #2 under assumption UE has information on PDCCH/PHICH interference presence on these symbols 

· E-LMMSE-IRC assumptions on interferer PDCCH/PHICH/PCFICH power boosting and loading

· For the definition of the minimum performance requirements apply E-LMMSE-IRC processing under assumption that the interferer has uniform power distribution with 0 dB boosting vs the CRS power and also have 100% RU. 

· Blind detection of the interferer signal power boosting and presence is up to UE implementation and not precluded by the test cases

· PDSCH interference parameters blind detection is out of the WI scope.

· Number of handled interferers for E-LMMSE-IRC and CRS-IC

· Single dominant interferer is handled

· Number of receive antennas at the UE

· Define test cases for the 2RX antennas UEs only
· Receiver fallback

· UE operation in the noise-limited conditions will be verified by the legacy test case(s). No additional test cases in noise-limited conditions will be defined for the enhanced DL control channel receivers

· CRS-AssistanceInfo is expected to be provided for all candidate DL Control Channel IM receiver structures under synchronous network scenarios.


Based on the analysis of the existing agreements we identify that the following items may need further discussion and clarification:

· Reference IM receivers capabilities
· PDCCH/PHICH enhanced receivers for asynchronous networks

· PDSCH interference handling

· Receiver fallback assumptions

2.2 Reference IM receivers capabilities

Our understanding of the DL control channel IM reference receiver structures applicability to different scenarios is summarized in Figure 1 and Table 1.
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	Figure 1. DL Control Channel IM Reference IM receiver structures


The Type A receiver based on the LMSME-IRC processing is applicable to all scenarios considered in the DL Control Channel IM WI. The Type B receiver based on the E-LMMSE-IRC processing is applicable for the PDCCH/PCFICH/PHICH receiver processing in the synchronous networks. Meantime, it can be naturally assumed that Type B receiver can also support Type A processing for other scenarios.

Table 1. DL Control Channel IM UE capabilities

	
	PDCCH/PCFICH/PHICH
	EPDCCH

	
	Synchronous NW
	Asynchronous NW
	Synchronous NW
	Asynchronous NW

	Type A receiver
	LMMSE-IRC + 
CRS-IC
	FFS
	LMMSE-IRC + 
CRS-IC
	LMMSE-IRC

	Type B receiver
	E-LMMSE-IRC + 
CRS-IC
	NA
	NA
	NA


Proposal #1:
UEs with Type B CCIM receivers are expected to support Type A receive processing for the test scenarios where Type B requirements are not defined.

2.3 Reference PDCCH/PCFICH/PHICH IM receiver for asynchronous networks
So far, the reference IM receivers were agreed to be defined for the EPDCCH in the synchronous and asynchronous networks and for PDCCH/PCFICH/PHICH in the synchronous networks only. Meantime, the reference IM receiver structure for the PDCCH/PHICH/PCFICH in the asynchronous networks was not defined. In the recent RAN #71 it was agreed that RAN4 needs to conduct evaluations of the enhanced DL control channel IM receivers in application to the asynchronous deployment scenarios [2]:

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


In the asynchronous networks UEs cannot rely on the signal alignment in the serving and interference cells. Therefore, only LMMSE-IRC can be considered to improve the control channel demodulation performance in the interference-limited scenarios. Below, we provide the simulation results with the comparison of the LMMSE-MRC and LMMSE-IRC receivers under various interference conditions based on the simulation assumptions in [3]. 
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	Figure 2. PDCCH demodulation performance in asynchronous deployments
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	Figure 3. PHICH demodulation performance in asynchronous deployments


Based on the provided simulation results we conclude that the LMMSE-IRC receiver can provide substantial performance gains over LMMSE-IRC in the asynchronous deployments in case of strong interference with full loading. Furthermore, the LMMSE-IRC receiver is robust enough and does not lead to the performance degradation vs LMMSE-IRC under low interference conditions or scenarios with partial interference loading. Therefore, LMMSE-IRC receiver can be considered as the reference IM receiver for PDCCH/PCFICH/PHICH in the asynchronous deployments.
Proposal #2:
Use Type A LMMSE-IRC receiver as the reference PDCCH/PCFICH/PHICH IM receiver under asynchronous network scenarios.
2.4 PDSCH interference handling
So far, the discussions on the PDCCH/PCFICH/PHICH reference IM receivers were focused on the efficient the PDCCH interference handling and the aligned CFI scenario was prioritized. Meantime, it may happen that the serving cell control region duration exceed the control region duration in the neighboring cells and the wanted signal would experience the interference from the PDSCH in the neighboring cell. In this case several approaches for the interference on the symbols with PDSCH interference:

· Conservative interference handling. Do not rely on the knowledge on the PDSCH interference presence on certain symbols. Use same interference + noise covariance matrix assumptions as for the initial control channel symbols (e.g. covariance matrix is estimated on the control region CRS).

· PDSCH interference whitening. Use PDSCH region interference + noise covariance matrix estimate for the interference pre-whitening. This approach may require knowledge of the interference signal control region duration.
Below in Figure 4 we illustrate the enhanced IM receivers performance for the unaligned CFI scenario (CFIS = 3, CFII = 1) and non-colliding CRS pattern. The results show that in case UE uses PDSCH interference whitening the demodulation performance can be improved. Therefore, further discussion on the possibility to introduce related performance requirements may be needed.
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	Figure 4. PDSCH interference whitening impact.


Proposal #3:
Further discuss PDCCH/ PHICH reference IM receiver assumptions in terms of the PDSCH interference handling.
2.5 Fallback mode

In the previous meeting a number of questions on the receiver fallback behavior for the C-DRX state were raised and need to be resolved. In particular as mentioned in [3], in the C-DRX state due to power saving reasons UE may fallback to the more simple LMMSE-MRC receiver. In this case to avoid potential issues with the PDCCH demodulation, the eNB should take this into account and adjust transmission parameters accordingly. 

With regards to this questions we see two possible alternatives:

· No fallback: UE is always assumed to apply enhanced IM processing including the C-DRX state. This approach may result in somewhat the increased UE power consumption (although relatively small), meantime the control region capacity savings may be rather questionable given that it is not expected that UE under C-DRX state would have many scheduled DCIs.
· Fallback: UE is allowed (but not required) to use LMMSE-MRC in the C-DRX state. In this case to avoid potential mismatch eNB should take this opportunity into account and adjusts its transmissions if needed. 

We think that there is no need to preclude using fallback receiver modes for the C-DRX state and to avoid potential network issues eNB should take this into account.
Proposal #4:
eNB is expected to take into account possible CCIM receiver fallback under C-DRX operation.
3. Conclusions

In this contribution, we have provided our views on the remaining details of the DL Control channel IM reference receiver structures. In summary, we make the following proposals:

Proposal #1:
UEs with Type B CCIM receivers are expected to support Type A receive processing for the test scenarios where Type B requirements are not defined.

Proposal #2:
Use Type A LMMSE-IRC receiver as the reference PDCCH/PCFICH/PHICH IM receiver under asynchronous network scenarios.
Proposal #3:
Further discuss PDCCH/ PHICH reference IM receiver assumptions in terms of the PDSCH interference handling.
Proposal #4:
eNB is expected to take into account possible CCIM receiver fallback under C-DRX operation.
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Annex A: Simulation Assumptions

	Parameters
	Value

	System bandwidth
	10 MHz for the serving and interfering cells

	Propagation channel
	Section 2.3: EVA-70Hz
Section 2.4: EPA-5Hz

	Duplexing mode
	FDD

	Cyclic prefix
	Normal

	Number of interference cells
	2 interfering cells

	Serving cell PDCCH
	DCI Format 2 (43 bits)

	CFI
	Section 2.3: CFIS = 3, CFII = 3

Section 2.4: CFIS = 3, CFII = 1

	PHICH FRC
	R.19 in the TS 36.101

	PHICH Ng
	Section 2.3: Ng = 1
Section 2.4: Ng = 1/6

	PHICH duration
	Normal

	Interference model for synchronous NW (Section 2.4)
	PDCCH/PHICH interference signals are emulated using random QPSK-modulated symbols with the SFBC-based precoding:

· 50% interference loading for PDCCH/PHICH.

· Guaranteed 50% interference loading on a subframe basis (50% of all available CCEs are chosen to be active)
· In each subframe, randomly pick one CCE from the set of empty CCEs. Repeat the procedure till the loading is 50%.
· Unequal power boosting with uniform distribution from the [-6,6] dB range (uniformly random in log domain)

PCFICH interference is explicitly modelled

No PDCCH/PHICH interference signals additional power normalization applied

PDSCH interference model: Per-PRB partial level model with 100 and 50% loading is used. Reuse Rel-11 Type A receiver TM4 interference model parameters (RI, modulation, precoding)

	Time-frequency offset modelling for synchronous NW (Section 2.4)
	Time offset: Interference cell #1 – 2us, Interference cell #2 – 3us

Frequency offset: Interference cell #1 – 200Hz, Interference cell #2 – 300Hz

	Interference model for asynchronous NW (Section 2.3)
	Rel-11 Type A receiver asynchronous interference model with 100 and 0% loading.
1/3 and 2/3 subframes as timing offset for the 2 NCs 

No frequency offsets

	Interference power profile
	High INR: I1/Noc = 13.91 dB, I2/Noc = 3.34 dB
Low INR: I1/Noc = 3.28 dB, I2/Noc = 0.74 dB

	Cell ID
	Serving cell: 0

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

	CRS ports
	Port 0 and 1

	Antenna configuration
	2x2, Low correlation

	Tx EVM
	6%

	Unused Serving cell RE-s and PRB-s
	OCNG


PAGE  
1/6

