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1 Introduction
In general, RAN4 demodulation requirement is defined in RRC_CONNECTED mode when there is downlink data traffic under synchronous and asynchronous networks. However, since control channel IM (CCIM) receiver might handle CRS-IC operation, UE and network behavior could be changed depending on Connected DRX mode or asynchronous network. In this contribution, we discuss impact on control channel IM receiver in Connected DRX and asynchronous network.  
2 Discussion
2.1 Connected DRX mode
In last RAN4 meeting, candidate CCIM receiver structures [1] for PDCCH/PCFICH/PHICH in synchronous networks are agreed as follows:
· Option 1: LMMSE-IRC + CRS-IC

· Option 2: E-LMMSE-IRC 

· Option 3: E-LMMSE-IRC + CRS-IC
These receivers which handle interferences can operate under RRC_CONNECTED mode when there is downlink data traffic, since advanced receivers such as CRS-IC and NAICS already manage interferences for improvement of PDSCH demodulation performance. However, when there is no downlink data traffic, UE would switch over DRX mode for power saving as shown in Figure 2‑1. In C-DRX mode, UE keeps monitoring PDCCH during OnDuration to check whether there is any data coming from the network or not with minimum power consumption. 
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Figure 2‑1 Example of connected DRX mode
If CCIM receiver with CRS-IC is used in C-DRX OnDuration, additional power consumption is introduced due to high computational complexity [2] such as full size FFT based interference channel estimation and CRS interference cancellation operation in comparison with baseline MRC receiver. Additionally, under high speed condition, UE might need to more time for an accurate interference channel estimation before C-DRX Onduration is activate since interference cells’ timing could be changed, so the opportunity for power saving would be decreased. Therefore, by using CCIM receiver in C-DRX mode, UE power consumption would be increased against original purpose of DRX which is UE power saving. 
To avoid increasing power consumption in DRX mode, UE should fallback to MRC receiver, and eNB should schedule PDCCH with consideration of baseline MRC receiver performance although UE reports CCIM receiver capability signaling. 

· Proposal 1 : when UE which has CCIM capability switches over C-DRX mode,
· UE operation: CCIM receiver should fallback to MRC receiver.

· Network operation: PDCCH should be scheduled by consideration of baseline MRC receiver performance even if UE has CCIM receiver capability.
2.2 Asynchronous network 
In this WI, RAN4 still discusses interference management for control channel under asynchronous network deployment. In asynchronous network, CCIM receiver structure could not consider CRS-IC operation since very high implementation complexity is introduced. Therefore, maximum performance gain is limited by LMMSE-IRC receiver. This means that eNB should schedule PDCCH based on the assumption that LMMSE-IRC receiver without CRS-IC is reference receiver for CCIM capability UE.

In general, decision whether the network is a synchronous or asynchronous is estimated from a UE. Although network deployment is synchronized, UE could recognize the network as asynchronous depending on field conditions such as UE position, various cell deployment, and so on. So, occasionally, a mismatch between eNB and UE awareness for synchronous and asynchronous networks could happen. If CCIM reference receivers are different between synchronous and asynchronous network, this mismatch event could bring an impact on the control channel decoding performance depending on eNB scheduling for control channels, since control channel performance depends on CCIM receiver structure and interference condition. To prevent control channel performance impact, additional signaling to confirm synchronous or asynchronous network from UE side is needed, or one reference receiver for both synchronous and asynchronous network could be considered. 
· Proposal 2 :  To prevent control channel decoding problem due to mismatch between UE and eNB awareness for synchronous and asynchronous networks,
· Alt1: additional signaling for synchronous or asynchronous network from UE side should be considered.

· Alt2: One CCIM reference receiver for both synchronous and asynchronous networks should be considered. 
3 Conclusion 
In this contribution, we provide our views for network and UE behavior under C-DRX and asynchronous networks, and we propose
· Proposal 1 : when UE which has CCIM capability switches over C-DRX mode,

· UE operation: CCIM receiver should fallback to MRC receiver.

· Network operation: PDCCH should be scheduled by consideration of baseline MRC receiver performance even if UE has CCIM receiver capability
· Proposal 2 :  To prevent control channel decoding problem due to mismatch between UE and eNB awareness for synchronous and asynchronous networks,
· Alt1: additional signaling for synchronous or asynchronous network from UE side should be considered.

· Alt2: One CCIM reference receiver for both synchronous and asynchronous networks should be considered. 
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