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[bookmark: _Ref378529477]In RAN #71, a new study item New Radio (NR) Access Technology was approved. In RAN1 #85-88bis, several contributions discussed about the design features of downlink control channel. However, one important aspects which was not addressed is the attachment of UE-ID for downlink control channel. Since in NR, the channel coding scheme for control channels is different compared to LTE/HSPA, we strongly feel that we need to revisit the  UE-ID attachment using polar codes.
In this contribution, we describe some of the design aspects which are unique to Polar code for attaching he UE-ID to enhance the performance of control channels. 
Overview of Polar Code Design Features 
The Polar code construction is divided into 4 stages as shown in Figure 1. Given the information block length (K) which includes CRC and the code block length of N, the first step is to identify the number of frozen bit locations (N-K).  This is because according to polarization theory, the reliability of each locations are different from each other. The locations with the highest reliability are chosen to transmit the information bits.  We expect the standard should specify the frozen bit locations using one or more pre-defined sequences. It should be noted that pre-defining sequence can be signaled to the UE using group common PDCCH channel [1].
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Figure 1  Polar Code Construction using 4 stages

In the second stage we need to set the values for the frozen bits and the information bits. We prefer to set these values to UE-ID. The three design options are considered in next section. 
In the third stage, the encoding of the information which includes frozen set and non-frozen set are passed to the polar encoder (polar matrix).   
In the fourth stage, the N bit codeword is shortened into M-sized code length by puncturing.
Design Options for Frozen Bit Locations and UE-ID transmission for Control Channels
In general it is common to use zeros for the frozen bits as they are less reliable. Note that the location of these frozen bits and the values of the frozen bits are known to both transmitter and the receiver.
We envision 3 design options for setting the frozen bit locations for DCI. 
Option 1: In this option, the UE ID is scrambled with CRC similar to the existing PDCCH scheme in LTE. The frozen bit locations are set to zero.  However, it should be noted that the exact length of CRC and UE-ID are not decided for DCI and it is possible that the values of CRC length and UE ID might differ.
[bookmark: _GoBack]Option 2:  In this option, we use the frozen bit locations to indicate the UE ID (RNTI), thereby saving the signaling overhead.  At the receiver, the UE needs to use its own identifier (RNTI) to decode the control channel. Hence the UE decodes the control channel by setting the frozen bit locations to its ID and use the list decoder or any other technique. This technique we believe will decrease the probability of false alarm at the same time without explicitly indicating the UE ID.  
Option 3:  This option is a combination of design options 1 and 2, i.e. the UE ID is scrambled to the CRC as well as the frozen bit locations are set to the UE ID value.  Similar to the option 1, this schemes works well if the lengths of CRC and UE ID are equal and might perform best among all the possible design options. 
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Conclusions
In this contribution we describe few design aspects of polar code for control channels.  Based on our observations, we have the following proposal:
Proposal 1:  Use Frozen bit locations to transmit the UE identifier to increase the robustness of the control channel
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