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1 	Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14]The following working assumption was made in RAN1#90 considering the DL channel interleaver. 
Working Assumption: 
· Polar rate matcher: Option 2 from R1-1715000 with corrections of typos:
· Slide 13: in top part of figure, second “25” -> 26
· Slide 15: 0.7/16 -> 7/16
· Channel interleaver:
· Uplink: Triangular interleaver (e.g. as in R1-1713474)
· Downlink: Parallel rectangular interleaver (e.g. as in R1-1714691)
· To be confirmed at NR AH#3 unless it is shown that there are no meaningful benefits of including the downlink channel interleaver, using evaluation assumptions in R1-1714983

In Ran1 NR AH#3, the following agreement was made considering the limited performance gain observed for DL channel interleaver. 
Working Assumption: 
· If a DL bit-level channel interleaver is adopted:
· Its span is equal to the number of coded bits corresponding to 1 CCE
· The span can be increased to the number of coded bits corresponding to 2 CCEs if there is a benefit of doing so
· FFS whether the interleaver is not used at higher ALs
· Companies are encouraged to assess by RAN1#90bis the implementation impacts of using or not using the interleaver at higher ALs
Conclusions and next steps to help towards a decision on the Working Assumption from RAN1#90:
· From the cases evaluated so far, gains of DL channel interleaver are not significant for AL >2
· Continue evaluations until RAN1#90bis, according to the above working assumption
· Focus on AL=1,2 cases, with and without REG bundle interleaver
· Include evaluations with up to 3 OFDM symbols for the control channel
· Companies are also encouraged to compare block parallel interleaver with low-complexity block interleavers, e.g. single block interleaver. 

In this contribution, we discuss the concerns on DL bit-level channel interleaver. 
2 	Discussion
It is observed that the bit-level DL channel interleaver is not providing any gains for higher aggregation levels and the gains showed at the lower aggregation levels are also not significant enough to include the interleaver that brings extra complexity and latency. It is also important to understand that coding chain for the DL control already has three interleavers. First in the encoding stage, the second one in the rate matcher, and third sub-block interleaver. Introducing the bit-level interleaver shall be the fourth interleaver in the DL control. 
For data channel, we have only one interleaver (bit-level channel interleaver), and UE does not have to do multiple blind decodes with the data channel. Considering the number of blind decodes and latency associated with in NR PDCCH, having another interleaver for DL control coding chain complicating the implementation with no benefits.  
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Figure 1: Parallel rectangular interleaver design in [1]. 

Figure 1 shows the parallel rectangular interleaver in [1] for the DL direction. It is visible that parallel interleavers have different dimensions and always demand the parallel implementation and different read-write process. In general, writing operation and reading operation cannot be parallelized, and the only way to have a parallel operation is by considering the dimensions of both interleavers together. In such cases, interlacing operation cannot be started until the reading of the two parallel branches are completed. In general, this interleaver does not support parallel writing and reading possibilities which are commonly used in low-complexity block interleavers.    
Observation 1: Parallel rectangular interleaver with interlacing does not provide parallel write-read operations to reduce the latency of interleaving and de-interleaving that are available in low-complexity block interleavers.  
In [2], a rectangular interleaver that spans over only 1 CCE is proposed and showed that it provides the same performance as interleaver in [1]. However, having that for all aggregation levels create unnecessary implementation burden or latency without zero gain in the system performance.  
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Figure 1: Implementing 1-CCE interleaver, but latency penalty for higher AL.
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Figure 2: Implementing multiple 1-CCE interleavers, complexity penalty for overall implementation.

It is important to understand the concerns of having 1-CCE interleaver applies to all other aggregation levels due to the extra latency (showed in Figure 1) when used serially and extra complexity (in Figure 2) when used parallelly. As we see no gains at higher aggregation levels, it is important to limit the 1-CCE interleaver to aggregation level 1. All other aggregation levels are supported with no interleaver. 
Proposal 1: If significant performances are visible, adopt 1-CCE interleaver only for the aggregation level 1. All other aggregation levels are supported without DL bit-level channel interleaver. 
3	Conclusion
In this contribution, we discussed DL bit-level channel interleavers. We have following observation and proposal. 
Observation 1: Parallel rectangular interleaver with interlacing does not provide parallel write-read operations to reduce the latency of interleaving and de-interleaving that are available in low-complexity block interleavers.  
[bookmark: _GoBack]Proposal 1: If significant performances are visible, adopt 1-CCE interleaver only for the aggregation level 1. All other aggregation levels are supported without DL bit-level channel interleaver. 
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