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1 Introduction
In RAN #68, WI [1] for interference mitigation for downlink control channel was agreed. The objectives for this WI are as follows:

· Reference receiver structure 

· MMSE-IRC / E-MMSE-IRC / CRS-IC

· Identify the scenarios and evaluation assuptions

· Specify requirement for PCFICH/PDCCH/PHICH with identified advanced receiver

· Specify requirement for EPDCCH with identified advanced receiver with capability of MMSE-IRC and CRS-IC

· Realistic interference models for downlink control channels

· CRS-AssistanceInfo IE from Rel-11 can be used for this WI without additional signaling and network restriction

Based on above objectives, we discuss reference receiver for control channel interference mitigation. 

2 Discussion
2.1 Reference Advanced Receiver
The candidate receivers for control channel interference mitigation (IM) can be considered MMSE-IRC and E-LMMSE-IRC receivers and CRS-IC can be consider by optional feature. MMSE-IRC for control channel IM can be used similar to PDSCH MMSE-IRC operation. For E-LMMSE-IRC for control channel IM, channel estimation of control region for interference cell is material to improving performance, so this receiver can be lead better performance than MMSE-IRC receiver. MMSE-IRC and E-LMMSE-IRC receivers have tradeoff performance and complexity. 
In WID [1], the work for E-LMMSE-IRC receiver is prioritized over that for MMSE-IRC receiver. However, considering realistic network environment, there are some restrictions using E-LMMSE-IRC receiver for control channel IM, and RAN4 need to investigate following issues. 
CFI 
If the CFI of serving cell is equal or smaller than interfering cell, both MMSE-IRC and E-LMMSE-IRC receivers are able to mitigate interference on control channel comes from interfering cells. However, when serving cell control symbol is larger than interference control symbol, two different types of interferences such as control and PDSCH channel of interference cell are existed as shown in Figure 2‑1. From receiver operation aspect, for MMSE-IRC receiver, there is no issue to operate control channel IM.

For E-LMMSE-IRC, UE should know interference CFI and effective channel of PDSCH interference in 2nd and 3rd symbol in example case in Figure 2‑1. 
· To get CFI of interference cell, UE should decode PCFICH or blindly detect PDSCH starting symbol of interference cell. Alternatively, network signaling can be considered. However, no additional signaling was agreed in this WI. So additional UE complexity is required. 
· To acquire effective channel of PDSCH interference, UE should know transmission mode / PMI similar to NAICS blind detection. In this case, RAN4 needs to investigate tradeoff between performance improvements in comparison with MMSE-IRC performance and additional UE complexity.
As a result, to get more improved control channel performance by using E-LMMSE-IRC receiver, UE complexity and power consumption will be increased a lot.
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Figure 2‑1 example of different CFI between serving and interfering cells
Control channel loading

E-LMMSE-IRC performance in comparison with MMSE-IRC can be limited by depending on control channel loading of interference under assumption of the same CFI between serving and interfering cells. If interference control loading is low, the performance gain of MMSE-IRC and E-MMSE-IRC might be small in comparison with baseline MMSE receiver. 
Both low and high loading of interference control need to be considered for performance evaluation. 
Connected DRX

In connected DRX on duration, UE wakes up if there is any data coming from the network and getting into sleeping mode again if there is no data to reduce power consumption. 
If UE operates E-LMMSE-IRC receiver for PDCCH, UE should estimate interference channel to check PDCCH existence during DRX on. It is introduce UE power consumption in connected DRX operation against original purpose of DRX. And CRS-IC is the same problem.
One possible solution to reduce power consumption during DRX operation is that MMSE-IRC without CRS-IC is applied in connected DRX instead of E-LMMSE-IRC for PDCCH detection.

ePDCCH

For MMSE-IRC receiver, there might be no severe issue in terms of UE receiver operation to mitigate interference overlaid on ePDCCH set of serving cell. On the other hand, for E-LMMSE-IRC receiver, UE should know quite a lot of interference statistics for each interferer comes from neighbor cells (i.e RB allocation, TM, and effective channel). Also, to get additional performance enhancement of E-LMMSE-IRC compared to MMSE-IRC, more precise channel estimation based on DM-RS might be needed and some types of DM-RS IC operation including blind detection mentioned on NAICS WI will be needed as a result. Based on above observations, E-LMMSE-IRC receiver for ePDCCH reception will increase severe UE complexity and power consumption compared to MMSE-IRC receiver in return for slightly enhanced ePDCCH performance. 
4Tx case

In Release 13 phase, 4Tx AP is considered in other WIs, so this WI could consider 4Tx and 4Rx case. In this case, the complexity of E-LMMSE-IRC receiver will have much higher than that of MMSE-IRC receiver. Additionally, RAN4 has not been investigated in 4Tx CRS-IC performance yet. RAN4 needs to decide whether 4Tx case is considered or not in this WI, firstly. If 4Tx is considered, 4Tx CRS-IC should be studied parallel. 
Channel bandwidth

If different channel bandwidth between serving and interference cells is considered, for MMSE-IRC receiver, bandwidth size for the receiver operation is based on serving cell channel bandwidth. However, in case of E-LMMSE-IRC receiver, interference channel bandwidth based receiver operation is required. This means that unnecessary UE power resource to estimate interference channel is added when interference channel bandwidth is larger than serving channel bandwidth. To avoid this, only same channel bandwidth between serving and interfering cell should be considered.

Carrier aggregation

In CA case, MMSE-IRC receiver has no big issue. However, in case of E-LMMSE-IRC receiver, since Scell PDSCH starting symbol does not follow CFI from PCIFICH, UE should detect PDSCH starting symbol to cover different control region from interference Scell as mentioned above (different CFI). 
Asynchronous network

MMSE-IRC can cover both synchronous and asynchronous network, but E-LMMSE-IRC and CRS-IC can be used only in synchronous network. If E-LMMSE-IRC and CRS-IC are considered in asynchronous network, UE complexity is dramatically increased and it is not feasible for this WI. Therefore, only MMSE-IRC receiver can be used to support both synchronous and asynchronous networks.
Table 1 is summarized above issues for receiver types.
From these issues, we propose
· Proposal 1: MMSE-IRC receiver should be prioritized for reference advanced receiver for control channel IM.

· Proposal 2: Reference receiver for control channel IM can be categorized by two features: 
· MMSE-IRC for synchronous and asynchronous networks 

· MMSE-IRC + CRS-IC for synchronous network
· Proposal 3: To make minimum performance requirement, same CFI and channel bandwidth between serving and interfering cells should be considered.

· Proposal 4: If 4Tx case is considered, RAN4 needs to investigate 4 CRS-IC performances.

· Proposal 5: Do not introduce additional blind detection of interference channel parameters such as PDSCH starting symbol and PMI for control channel IM.

· Proposal 6: Both low and high loading of interference control need to be considered for performance evaluation.

Table 1 Receiver type for control channel interference mitigation (green: no issue, yellow: optional, red: issue)
	
	Parameters
	MMSE-IRC
	E-LMMSE-IRC
	CRS-IC

	Sync network
	CFI
	same CFI
	
	
	

	
	
	serving CFI > interfering CFI
	
	difficult to get effective channel of interference cell
	

	
	
	serving CFI < interfering CFI
	
	
	

	
	Control loading
	low control loading of interference cell
	
	limited performance improvement (comparing MMSE-IRC)
	

	
	DRX
	connected DRX on
	
	possible but increase power consumption due to channel estimation of interference cell
	increase power consumption due to channel estimation of interference cell

	
	ePDCCH
	
	
	need blind detection related interfering channel parameters
	

	
	4Tx
	
	
	increase complexity (same CFI)
	need study 4 CRS-IC

	
	Channel BW
	serving BW < interfering BW
	
	possible but increase complexity due to full BW channel estimation of interference cell in comparison MMSE-IRC
 (same CFI)
	

	
	CA
	Scell
	
	Need know PDSCH starting symbol
	CRS-IC capability

	Async network
	
	
	
	high complexity
	high complexity


3 Conclusion 
In this contribution, we provide our view of reference advanced receiver for control channel interference mitigation, and our proposals are as follows:
· Proposal 1: MMSE-IRC receiver should be prioritized for reference advanced receiver for control channel IM.

· Proposal 2: Reference receiver for control channel IM can be categorized by two features: 

· MMSE-IRC for synchronous and asynchronous networks 

· MMSE-IRC + CRS-IC for synchronous network
· Proposal 3: To make minimum performance requirement, same CFI and channel bandwidth between serving and interfering cells should be considered.

· Proposal 4: If 4Tx case is considered, RAN4 needs to investigate 4 CRS-IC performances.

· Proposal 5: Do not introduce additional blind detection of interference channel parameters such as PDSCH starting symbol and PMI for control channel IM.

· Proposal 6: Both low and high loading of interference control need to be considered for performance evaluation.

4 Reference
[1] RP-151107, “Interference mitigation for downlink control channels of LTE”, Intel, ZTE.
_1504616677.vsd
PDSCH


Serving cell control region


PDSCH


Interfering cell control region


Control interference


PDSCH interference



