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 Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In the previous RAN1 meeting the following agreements were made
Agreement:
· Confirm working assumption on CRC and interleaver (as modified as in 38.212v1.0.0)
· When the conclusions on DCI payload size for Rel-15 are agreed, the Kmax in 38.212 will be reduced from the current value of 200 (which is only a placeholder)
· the current working assumption for Kmax remains a working assumption (to be revisited when there is progress in offline discussion); the final value of Kmax will not be greater than the working assumption. 

In this contribution, we describe some of the design aspects which are unique to Polar code to enhance the performance of both downlink and uplink control channels. 
Design Options for Frozen Bit Locations and UE-ID transmission for Control Channels
[bookmark: _Ref378529477]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.  
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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. 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. However, we prefer to set these values to UE-ID.  In NR, the CRC length is set 24 bits and UE-ID is equal to 16 bits (if we follow the same length as that of LTE ), then 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.
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. 
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. 
[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]As shown in [2]-[8], there are many benefits of setting the frozen bit locations to UE-ID.   For example, if we use frozen bit locations to UE-ID, the probability of false alarm can be reduced.  In another application, we can increase the user multiplexing for example in uplink control channels if we use UE specific ID is used for encoding uplink control channel.  Hence in our view setting the frozen bit locations to the UE-ID increases the robustness of the control channel.
Proposal 1:  Use Frozen bit locations to transmit the UE identifier to increase the robustness of the control channel
 Application to Downlink Control Channel 
Once of the main concern for setting up the frozen bit location is that applicability of this concept with multiple RNTI.   That is with multiple RNTI, the UE needs to do multiple blind decodes to identify the downlink control channel contents. However, in our view till now in NR, we didn’t identify the number of RNTI. In our view, the downlink control channel search space is divided into common search space and UE specific search space.   If we follow the LTE type of mechanism to define the RNTI, then cell specific RNTI, paging RNTI, SI-RNTI etc. will be transmitted in the common search space and the UE specific RNTI is transmitted in the UE specific search space. As explained in [9], in a given CORESET, different search spaces can have different RNTIs. Hence in our view the number of blind decodes is not impacted in the UE specific search space with the proposed method of setting the frozen bit locations. 
Note that group common PDCCH is defined and till now there was no agreement regarding defining a group common RNTI. This is because the contents of group common RNTI is very small and we envision the location of these coded bits are pre-defined or configured. Hence in our view for UE specific search space the number of blind decodes is same for all the design options as explained in section 2.  
Based on the above observations, we propose that at least for UE specific search space the frozen bit locations are set to UE specific ID for downlink control channel.
Proposal 2:  For UE specific search space, frozen bit locations are set to the UE specific identifier 
Application to Uplink Control Channel 
Note that till now all the contributions focused on application of setting the frozen bit location to the downlink control channel. However, in our view, we can apply this concept to the uplink control channel for better reception at the gNB.  Initial LTE Releases never used CRC or UE-ID in PUCCH as the payload for PUCCH is very small compared to PDCCH. For example the maximum payload is around 11-14 bits.  However, in NR, we expect the payload size is very high for example Type 2 CSI. Hence, we expect CRC will be added to the uplink control channel. Similarly, we envision adding UE-specific ID will benefit for uplink control channel. For example when multiple users are multiplexed in a PUCCH, the users are differentiated by a scrambling code in LTE. With setting up the frozen bit location the user multiplexing can be increased as the frozen bit locations can give extra robustness in decoding the control channel.
Proposal 3:  For uplink control channel, setting up the frozen bit locations to a UE-ID improves the multi user capacity 
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
Proposal 2:  For UE specific search space, frozen bit locations are set to the UE specific identifier 

Proposal 3:  For uplink control channel, setting up the frozen bit locations to a UE-ID improves the multi user capacity 
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