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1	Introduction
Polar codes were adopted as the NR coding scheme for both uplink and downlink control channels, when the information block length plus nFAR is larger than or equal to 12 bits [1]. It was agreed [2] that for single stage DCI, the modulation scheme for PDCCH is only QPSK. It is a working assumption [3] that for downlink, parallel rectangular channel interleaver is considered. It is a working assumption [4] that if a downlink channel interleaver is adopted, its span is equal to the number of coded bits corresponding to 1 CCE.
In this contribution, we examine the BLER performance of several downlink channel interleaver designs and discuss the span for the downlink channel interleavers.  
2	Discussion
2.1 	Channel Interleaver for Downlink
Much progress on polar code design has been made in RAN1 meeting #90 [3] and RAN1 NR Ad-hoc #3 [4]. The polar sequence selected is Huawei’s sequence in [5]. The CRC polynomial selected is
        gCRC24(D) = [D24+D23+D21+D20+D17+D15+D13+D12+D8+D4+D2+D+1].
The downlink polar code construction and rate matching schemes have been agreed with details in [6]. Based on the decision of polar code sequence, code construction and rate matching schemes, it is desirable to examine the necessity of applying a channel interleaver after rate matching to address the fading channel issue in the downlink transmissions. The evaluation assumptions for this study were proposed in [7]. 
We already showed [8] that some performance gain can be achieved by applying a downlink channel interleaver at aggregation level 1, while no significant performance gain is observed by applying a downlink channel interleaver at aggregation level 8. 
In this section, we further check whether significant performance gain could be achieved by using a downlink channel interleaver at aggregation level 2. 
Our simulations are based on the evaluation assumptions in [7] (see Appendix), with some modifications. Specifically, we assume the number of transmitter antenna as 1 and we use ideal channel estimation in our simulations. REG bundles are uniformly distributed over the whole band and the 1/4 DMRS density is assumed based on the recent agreement [4]. The TDL-C channel model with delay spread of 300 ns is used in our simulations. We apply the agreed polar sequence and the rate matching schemes. 
Figure 1 shows the BLER performance of the downlink control channel with or without random channel interleaver under aggregation level 2 and REG bundling size 2. The DCI payload (with CRC) size is 40, 60 or 80 bits. It is observed from the figure that the BLER performance difference with random channel interleaver and without channel interleaver is less than 0.15 dB at BLER . 
Figure 2 shows the BLER performance of the downlink control channel with or without random channel interleaver under aggregation level 2 and REG bundling size 6. The DCI payload (with CRC) size is 40, 60 or 80 bits. It is observed from the figure performance difference between with random channel interleaver and without channel interleaver is less than 0.2 dB at BLER .
Observation 1: For the given evaluation conditions, no significant performance gain is observed by applying a random channel interleaver at aggregation level 2.
Hence, we have the following proposal:
Proposal 1: Consider applying a channel interleaver to downlink control channel for the aggregation level 1, with the span of the channel interleaver restricted to 1 CCE. 
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[bookmark: _Ref492719336]Figure 1: BLER performance of downlink control channel with or without random channel interleaver for aggregation level 2 and REG bundle size 2
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[bookmark: _Ref494472113][bookmark: _GoBack]Figure 2: BLER performance of downlink control channel with or without random channel interleaver for aggregation level 2 and REG bundle size 6

2.2   Performance Evaluation of Downlink Channel Interleavers
It is a working assumption [3] to consider parallel rectangular interleavers as the downlink channel interleaver. 
One design of a parallel block interleaver is given in [9]. With this design, the rate matched bits are sequentially partitioned into two groups with more bits assigned to the first group and less bits assigned to the second group. A block interleaver with depth 5 is applied to the first group, and a block interleaver with depth 11 is applied to the second group. The interleaved bits from these two groups are combined in an interlaced way.
Another design of a parallel block interleaver is given in [8]. With this design, the rate matched bits are partitioned into two groups evenly in an interlaced way. A block interleaver with depth 5 is applied to the first group, and a block interleaver with depth 11 is applied to the second group. The interleaved bits from these two groups are combined in an interlaced way. 
It is encouraged [4] to compare parallel block interleaver designs with a single block interleaver. Hence, we also examine a single block interleaver with depth 5 or 11. 
Overall, we simulate different interleaver designs: 1) No channel interleaver; 2) Random channel interleaver; 3) Block interleaver with depth 5; 4) Block interleaver with depth 11; 5) Parallel block interleaver with depths (5,11) together with sequential grouping and interlacing combining (i.e., [9]); 6) Proposed parallel block interleaver with depths (5,11) together with interlacing grouping and combining (i.e., [8]). 
We simulate the test case of aggregation level 1 and REG bundle size 2, where REG bundles are uniformly distributed over the whole band. The DCI payloads with CRC are 40:4:88. 
Figure 3 shows the minimum SNR values of different interleaver designs to reach the target BLER of , for the TDL-C channel model with delay spread 300 ns. It is seen from the figure that all the interleavers have similar performance as the random interleaver.
Figure 4 shows the minimum SNR values of different interleaver designs to reach the target BLER of , for the TDL-C channel model with delay spread 300 ns. It is seen from the figure that the block interleaver with depth 5 has a spike at DCI payload (with CRC) size 68 bits and the block interleaver with depth 11 has a spike at DCI payload (with CRC) size 80 bits. The parallel block interleavers have similar performance as the random interleaver.
Observation 2: The block interleaver with depth 5 or 11 has some spike for the TDL-C model at delay spread of 300 ns, while parallel block interleavers have similar performance as the random interleaver. 
Figure 5 shows the minimum SNR values of different interleaver designs to reach the target BLER of , for the TDL-C channel model with delay spread 1000 ns. It is seen from the figure that all the interleavers have similar performance as the random interleaver.
Figure 6 shows the minimum SNR values of different interleaver designs to reach the target BLER of , for the TDL-C channel model with delay spread 1000 ns. It is seen from the figure that all the interleavers have similar performance as the random interleaver.
Observation 3: All the simulated interleavers have the similar performance for the TDL-C model at delay spread of 1000 ns. 
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Figure 3: Minimum SNR to reach the target BLER  for different channel interleavers at TDL-C model with delay spread of 300 ns.
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[bookmark: _Ref494620710]Figure 4: Minimum SNR to reach the target BLER  for different channel interleavers at TDL-C model with delay spread of 300 ns.
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[bookmark: _Ref494621631]Figure 5: Minimum SNR to reach the target BLER  for different channel interleavers at TDL-C model with delay spread of 1000 ns.
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[bookmark: _Ref494621670]Figure 6: Minimum SNR to reach the target BLER  for different channel interleavers at TDL-C model with delay spread of 1000 ns.

When comparing the above two parallel block interleaver designs, the one with sequential grouping has different number of bits for the two block interleavers. This results in a reduced efficiency of the parallel processing. While the parallel block interleaver design with interlacing grouping and combining could achieve the full efficiency of the parallel processing. 
Based on the above observations and arguments, we have the following proposal:
Proposal 2: If a channel interleaver is applied to the downlink control channel, then adopt the parallel block interleaver with depths (5,11) with interlacing grouping and combining. 

3	Conclusion
In this contribution, we discussed different interleaving schemes for polar codes, and compared their performance. Our simulation results show that: 
Observation 1: For the given evaluation conditions, no performance gain is observed by applying a random channel interleaver at aggregation level 2.
Observation 2: The block interleaver with depth 5 or 11 has some spike for the TDL-C model at delay spread of 300 ns, while parallel block interleavers have similar performance as the random interleaver. 
Observation 3: All the simulated interleavers have the similar performance for the TDL-C model at delay spread of 1000 ns. 

We have the following proposals: 
Proposal 1: Consider applying a channel interleaver to downlink control channel for the aggregation level 1, with the span of the channel interleaver restricted to 1 CCE. 
Proposal 2: If a channel interleaver is applied to the downlink control channel, then adopt the parallel block interleaver with depths (5,11) with interlacing grouping and combining. 
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Appendix: Evaluation Assumptions for Interleaver Simulations
[bookmark: _Ref485210308]Table 1: Evaluation assumptions for polar code channel interleaver for DL [7]
	Parameter
	Value

	System bandwidth
	10 MHz

	Waveform
	OFDMA

	Numerology
	15 kHz

	Payload (not including CRC)
	32, 60 bits

	FEC type and Modulation
	Polar with CRC size =24, QPSK

	Tx-Rx antenna configuration
	2x2

	Transmit diversity scheme
	1-port per REGB precoder cycling

	Channel estimation
	1/3 DM-RS density, practical channel estimation (MMSE)

	Channel model
	TDL-C 300ns 

	Number of REGs per CCE
	6

	Aggregation levels
	1, 8

	REG bundle size
	2 REGs, 6 REGs

	CORESET configuration
	1 symbol, 48 PRBs (i.e. PRB0, PRB1…PRB47)

	CCE-to-REG mapping
	Frequency first 

	Interleaving for CCE-to-REG mapping
	For evaluation only, Sub-block interleaver operating on REG bundles
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Performance Comparison of DL Channel Interleavers for TDL-C Model with 300 ns Delay Spread
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TDL C model with delay spread 300 ns and REG bundle size 6
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