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 Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. The following agreements were made in RAN1#88bis on the coding chain 
Agreement:
· Number of bits for TB-level CRC is: LTB,CRC =24 bits, at least for TBs larger than a threshold (e.g. around 512 bits)
· FFS the value of LTB,CRC for TBs smaller than the threshold, and the value of the threshold (0 is not precluded)
· If a TB is segmented into 2 or more CBs after code block (CB) segmentation,
· CB-level CRC is applied, i.e., CRC bits are attached to each code block individually (as in LTE)
· Number bits for CB-level CRC is: 0 < LCB,CRC <= 24 bits
· Exact value(s) LCB,CRC are to be agreed after base graph(s) are agreed, taking into account inherent LDPC PC capability
· FFS whether for a code block group (CBG) containing 2 or more CBs but not all CBs of the TB, any additional CRC bits are attached to the CBG
· To be decide after decision on the value(s) of LCB,CRC 

In this contribution we describe our views on CRC attachment for data and control channels.
On CRC Attachment for Data Channels 
[bookmark: _Ref378529477]In [1], we explained how the CBG based techniques can improve the performance of eMBB data channels, if the gNB can configure the number of CRBs based on channel conditions.  For example, if the network can configure the number of CBs per CBG for slow speed UE can be different compared to the UE moving with a high speed. Similarly, it is beneficial to have more number of CBs per CBG for high rank UE compared to low rank UE. Hence the number of CBs per CBG is configurable from the network and UE perspective. Since, it is already to have CB level CRC, we don’t see any gain in adding CBG level CRC when the number of CBs per CBG is configurable.  
[bookmark: _GoBack]Proposal 1: No CRC should be added to CBG as the number of CBs per CBG is configurable parameter 

On CRC Attachment for Control Channels 
As explained in [2], for downlink control channels, we can indicate the UE-ID separately by using frozen bit locations for increasing the robustness of PDCCH detection. Note that in this case, we can add mask the CRC bits with UE-ID in addition to using UE-ID for frozen bit locations. 
For group common PDDCH channels, we don’t see any benefit of adding CRC for two reasons. First the contents of group common PDCCH is very small. Adding CRC over small payload increases the overhead. Second, the UE is not dependent on the contents of group common PDCCH to decode PDCCH, we don’t see any strong motivation to include CRC for group common control channel.
For uplink control channels, the length of CSI might be different. Hence we feel that whether to attach CRC or not should depend on payload size. For example, if the length of the payload is less than 12 bits, no CRC is attached.  For more than 11 bits, CRC is attached for control channels.  The other option is to use code block segmentation approach for uplink control channels, where CRC is attached to each code block. 

Proposal 2: No CRC should be added for group common control channels

Proposal 3: For Uplink control channels, RAN1 should study
a. Limiting the CRC attachment for small lengths up to 11 bits is feasible 
b. Code block segmentation approach, where each code block segment has CRC 

[bookmark: _Toc424303267][bookmark: _Toc425248865][bookmark: _Toc425344835][bookmark: _Toc425350726][bookmark: _Toc425501584][bookmark: _Toc425504168]Conclusions
In this contribution, we provide our views on the CRC attachment for data and control channels. Based on our observations, we have the following proposal:
Proposal 1: No CRC should be added to CBG as the number of CBs per CBG is configurable parameter 
[bookmark: _Ref450342757]
Proposal 2: No CRC should be added for group common control channels

Proposal 3: For Uplink control channels, RAN1 should study
a. Limiting the CRC attachment for small lengths up to 11 bits is feasible 
b. Code block segmentation approach, where each code block segment has CRC 
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