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Introduction
In RAN #71, a new study item New Radio (NR) Access Technology was approved. In RAN1 # 88bis and the following agreements were reached 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 
Agreement:
· For TB of size TBS > KCB,max – LTB,CRC, the TB is segmented into multiple CBs
· The CBs may be further grouped into code block groups (CBGs)
· It is not precluded that CBGs in a given TB may contain different numbers of CBs

In MIMO session, regarding the codeword discussion, there are multiple proposals to include a symbol level interleaver after the layers are mapped to the resource elements. We strongly feel that the addition of interleaver should be discussed in coding chain discussion. Hence in this contribution, we outline our views on the effects of symbol level interleaver in the coding chain.
Symbol Level Interleaver in the Coding Chain 
The main motivation of addition of symbol level interleaver is to achieve frequency diversity for multi antenna transmission.  For data channel, once the information bits belonging to one codeword are encoded using FEC and passed through modulation mapper, they need to be mapped to the layers, then passed through IFFT.  Currently, in LTE systems, they modulation symbols are mapped to layers first, then they are mapped to the resource elements in the frequency domain, once they are mapped to the frequency they are mapped to the time domain.  
Information bits -> Codeword -> Modulation Mapper-> Layer Mapper ->RE mapping (Frequency domain) ->RE mapping (time domain) - > Antenna ports
There are multiple ways to achieve diversity for example
a. Frequency domain interleaver : In this scheme, a symbol interleaver is added for once layers are mapped to the resource elements i.e coding chain is modified into
Information bits -> Codeword -> Modulation Mapper-> Layer Mapper ->RE mapping (Frequency domain) ->Symbol Level Interleaver ->RE mapping (time domain) - > Antenna ports
b.  Frequency+Time domain interleaver : In this scheme, an interlever is added  once the symbols are mapped into the time domain. i.e the coding chain is modified into 

Information bits -> Codeword -> Modulation Mapper-> Layer Mapper ->RE mapping (Frequency domain) -> RE mapping (time domain) - > Symbol Level Interleaver ->Antenna ports
c. Frequency+Time+Space domain interleaver : In this scheme, the interleaver is used between the symbols between the layers. This is mainly useful when the number of codewords is greater than 1.

Effects of Symbol Level Interleaver 
Even though we can achieve diversity gains with the impact of interleaver, there are multiple issues are involved with the introduction of interleaver.  
a. Interleaver depth: Note that the diversity gains are achieved when the interleaver depth is large. i.e. the numner of resource blocks scheduled for the particular UE is very high. As an example, Figure 1 shows the performance with 50 RB allocation and Figure 2 shows the performance with 2 RB allocation for 4x4 MIMO systems. It can be observed that the performance gains are almost zero with the introduction of interleaver when the number of resource blocks are small.
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Figure 1 Spectral efficiency comparison with 50 PRB allocation with 120 Kmph channel
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Figure 2 Spectral efficiency comparison with 2 PRB allocation with 120 Kmph channel

b. URLLC multiplexing: It is expected that if we use time domain interleaving is used in addition to the frequency domain interleaving more gains compared to the frequency domain interleaver. However, in our view this complicates multiplexing of URLLC and CBG based transmission/retransmission. For example, if URLLC occupies few symbols in a slot and assume that eMBB data packet is in error, for retransmission, the network s needs to send the whole packet as the previous transmission is interleaved in time domain. 
c. Specification Impact: Note that the small gains as shown in Figure 1, are achieved with random interleaver, where the interleaving pattern is different for each OFDM symbol for each layer. We expects that the gains are reduced if we use the same interleaving pattern for all OFDM symbols and for all layers.  Hence with the introduction of symbol level interleaver, RAN1 needs to work on interleaving pattern for each layer and for each symbol. This increases standardization effort.

Based on the above observations, we recommend not to use any kind of symbol interleaver once the codeword is mapped to layers.

Proposal 1:  No symbol level interleaving should be used once codeword is mapped to layers 
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