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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In RAN1 #86b, several contributions are submitted on L1/L2 aspects of control channel design. Even though some progress was made during the meeting there are many open issue which are yet to be addressed. The one important aspect for L1/L2 control channel design is whether we need to have one step or two step DL control channel design as it impacts the overall design and contents of the control channel. 
In our view two step design has multiple advantages as we can apply link adaptation to the control channel benefits similar to that of data traffic channel. However, since multiple companies have different design options for two stage or multi stage control channel, in this contribution, we describe our approach of two stage control channel design and clarify some of the issues.
Two Stage Control Channel Design Structure 
The main motivation for our proposal on two stage control channel design is to improve the efficiency (resource, power) of the control channel. Conventional downlink control channels for LTE and HSPA uses fixed modulation and code rates generated from a signal mother code rate of 1/3 (convolutional code).  This design is robust and provides sufficient reliability as decoding of control channel without any errors is utmost important for decoding data. However, when the UE is in good channel conditions, the current design of using fixed modulation and code rate does not provide link adaptation gains.  It is well known that we can achieve significant improvement with link adaptation for data channels. Since the network gets information form the UE about channel state information (CSI), the control channel design is unable to exploit the CSI from the UE.  Hence in our view, NR downlink control can benefit from the CSI at the transmitter.

Proposal 1: Control channel design should exploit the CSI and use link adaptation 

Since the control channel conveys information about the modulation and code rate for the traffic channel, if we apply link adaptation on control channel, the UE needs to use blind decoding on the control channel to decide the parameters for the data channel.  To avoid blind decoding at the UE, we propose a two stage transmission of control channel as shown in Figure 1. Where the first part conveys information about the number of OFDM symbols, modulation, code rate and the FEC parameters (example constraint length, generator polynomials etc.) for encoding the second part. Note that the LTE control channel itself supports two stages as part of the PCFICH and PDDCH. 
In our design the first part is encoded with a robust modulation format and robust encoding scheme which is fixed and is known to the transmitter and the receiver.  For example, the existing frame indicator channel (PCFICH) signal can be used to transmit part 1. Note that existing frame indicator channel conveys information about the number of OFDM symbols needed for downlink control channel by transmitting 2 bits and modulated by QPSK.  We propose to extend the frame indicator channel to more than 2 bits to transmit the modulation, code rate, and the FEC parameter for the second part.
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Figure 1 Proposed Two stage Downlink control channel structure 

Proposal 2:  Two Stage control channel design should be supported by extending the PCFICH type of signal to accommodate more number of bits, where these additional bits indicate the modulation, code rate, and FEC parameters of the second part
FEC parameters 
 As mentioned in above section, we envision link adaptation benefits can be applied to control channel if it a two stage design. However we can optimise the FEC design of second stage by changing the  FEC parameters, i.e. rather than fixing the encoder parameters such as constraint length, polynomials for the tail biting convolutional code, the transmitter can choose dynamically based on the CSI  from the receiver there by adapting these parameters based on channel characteristics. As an example, if the UE is in good channel condition say high SNR, then it can choose index 7 (3 bits) and transmit this information in part 1.  Hence the part 2 is encoded with 16QAM, mother code rate 1/9 with tail biting convolutional code with constraint length 9 and generator polynomials as shown in table 3. 


                           Table 1 Proposed mapping table
	 index
	modulation
	Mother code rate
	Constraint length
	Generator polynomials in octal notation

	0
	QPSK
	1/2
	7
	         [133, 171]

	1
	QPSK
	1/3
	7
	[561, 753, 715]

	2
	QPSK
	1/4
	7
	[561, 753, 715,517]

	3
	QPSK
	1/6
	7
	[561, 753, 715,517,765]

	4
	QPSK
	1/3
	9
	[575, 623, 727]

	5
	16 QAM
	             1/3
	9
	[575, 623, 727]

	6
	16QAM
	             1/6
	7
	[561, 753, 715,517,765]

	7
	16QAM
	1/9
	9
	[561, 753, 715,517,765]



Discussion on Two Stage Control Channel Design 
In this section, we clarify some of the questions raised as part of email discussion on control channel design. 
Do we need PCFICH type of signal?
In our view, we need PCFICH type of channel to indicate the number of OFDM symbols. This gibes flexibility for the network to dynamically allocate the resources based on load.  Since the PCFICH is most important aspect for data reception, robust modulation and code rate is used. In our design we would like to encode the PCFICH+ extra bits with robust modulation and code rate.
 What is the size of control sub band and how it is indicated?
Similar to LTE design, we would like to fix the resources for part 1 either semi static or semi static configuration.  For the second part, we feel that the size depends on the contents of the second part and in our design, this can be indicated in the first part.  
 Reference signals for decoding control channel?
For the decoding of first part of the control channel, common/group based reference signals can be used. For decoding second part, we are open to study different options.
 Blind decoding of control channel?
In our view, we need to avoid blind decoding of control channel. Some form of assistance from the network should be supported.  
 Control channel duration?
The duration of control channel is an important design aspects it impacts the resource allocation for data channel. In our view we should allow more than one OFDM symbol for the control channel. Since the data allocation is impacted due to part 2, some provisions should be made to transmit data in the symbols where the control channel is transmitted. 
Conclusions
In this contribution we presented the two stage control channel design so that variable modulation, code rate, FEC parameters can be adapted based on channel condition such that control channel can exploit the CSI from the UE.   
Based on our observations, we have the following proposal:
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Proposal 2:  Two Stage control channel design should be supported by extending the PCFICH type of signal to accommodate more number of bits, where these additional bits indicate the modulation, code rate, and FEC parameters of the second part
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