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1 	Introduction
[bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK13][bookmark: OLE_LINK14]The following conclusion was made on RAN1#90 concerning Polar codes frozen bits values:
Proposed Working Assumption:
· Frozen bit values are set to 0
· Adopt UE-specific linear scrambling on UE-specific DCI messages
· Detailed mechanism FFS until NR AH#3

Conclusion: study further until NR AH#3
In this contribution, the issue is discussed and some observations are made.
2 	Discussion
In LTE, UE-ID masking on CRC bits is supported to distinguish DCI intended to a particular UE from the rest. In the case we support CRC masking, it is now 24 CRC compared to the 16 bit CRC used in LTE. Therefore, direct masking is not an option. Also in LTE PDCCH multiplexing, Cell-ID is used with the Pseudo-random sequence to scramble the multiplexed PDCCH in a sub-frame such that interference from other cells gets randomized when decoding the PDCCH at a UE. Even though some of those discussions are not within the channel coding session, it is clear that traditional way of scrambling is not compatible with the DL code construction in NR. 
As RAN1 now agreed to use distributed CRC considering the possibilities of having early termination benefits, where CRC bits can be used to trigger the early termination in the middle of the decoding. However, if the scrambling on these first few CRC bits are not significantly different, early terminations may come after several CRC bits if the UE-IDs of the supported users are not significantly different at the first few CRC positions. There are a few approaches to improve the early termination including scrambling the frozen bits and improve the effectiveness of the CRC masking.

2.1 	Frozen bit scrambling
The frozen bit scrambling issue was studied in [1-9]. Remarkable gains can be observed in those studies. Though, the detailed schemes are quite different. The gains come from the scrambling that affects the path metric statistics in the decoding for correct descrambling and incorrect descrambling. When the difference becomes large enough, the unintended transmission can be discriminated with a proper threshold or similar algorithms. From the high-level point of view, the scrambling can be done in u-domain or c-domain. They are equivalent in some cases, but according to the study in [7], that u-domain scrambling has better performance than c-domain scrambling. 
For u-domain scrambling, the designs in [1-9] are still quite distinct. For example, the decoder may treat the UE-ID as the information bits or use it to perform LLR descrambling. 
It is analyzed in [2] that u-domain scrambling is more flexible for decoder design because part of the u-domain (before encoding) scrambling can be converted to the c-domain (after encoding) scrambling. This is useful to avoid the restriction on decoder design. For example, with SSC decoder, it is possible to avoid the decoding of the frozen bits. Hence, such an approach, i.e., LLR descrambling, is more attractive than taking the scrambled frozen bits to be the information bits in decoding. Considering the effectiveness of the scrambling, especially when the UE-IDs are very similar, e.g., with an only 1bit difference, a longer scrambling sequence is more robust and the Pseudo-Random Sequence-based method provides better discrimination in this case.
Observation 1: The method in [7] provides strong discrimination capability compared to the use of a limited number of frozen bits.
2.2 	CRC masking
In principle, when all the bits are scrambled including CRC bits, there is no need to mask the CRC by the UE-ID. The RNTI mask may be added and removed before and after decoding. In case there are multiple RNTIs to be tested, the hypotheses testing may be performed parallel. It is also possible to support scrambling only for the information bits following the above method. Decoding can be done without any LLR flipping at the c-domain. When checking the CRC bit(s) for early termination, descrambling with the correct RNTI should be performed for decoded DCI portion. As explained above, multiple hypothesis testing also possible with such a scrambling method than starting the decoding from the beginning. This is quite similar to CRC demasking after the full information block decoding in LTE, where multiple hypothesis testing is possible. In the case of scrambling the full payload is not required (as differentiating the information bits that relevant to first few CRC bits are more important), 25% or 50% of the information bits that are mapped before the CRC bits can be scrambled with PRBS.  

Proposal 1: Having additional or different scrambling method than LTE CRC masking is needed to guarantee the ET benefits. 

[bookmark: _GoBack]2.3 	Performance evaluation
The performance of frozen bit scrambling is studied in [1-9]. The configuration discussed above is expected to have the same performance. Further simulation work is done to study the path metric statistics property in different scenarios. In Figure 2, the PM discrimination is based an algorithm of PMmax – PMmin, where 8 lists are used in the simulation. Other simulation parameters can be found in Table-1.

Table – 1 Simulation assumptions
	Channel 
	AWGN

	Modulation
	QPSK

	DMRS density
	1/4

	K value range
	40 64 80 120 

	Code rates
	Depends on M and K

	M values
	[108 216 432 864]

	Rate matching
	Option 2 of R1-1715000

	List size
	8




In the following simulation, blue curves stand for the decoding with correct PRBS descrambling and orange curves are incorrect descrambling. The figure shows the PMmax – PMmin value during the decoding of each information bit. It can be seen from Figure 2 that the PM discrimination increases with SNR. When the two sets of curves separate wide enough the early termination can be executed with proper threshold setting. 
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Figure. 1 PM discrimination capability in different SNR


By comparing the PM discrimination for different K and M combinations, one may find the algorithm works better for larger block sizes and lower code rate.
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Figure. 2. PM discrimination for K=40
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Figure. 3. PM discrimination for K=80
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Figure. 4. PM discrimination for K=120


Observation 2: PM discrimination improves for larger block sizes and lower code rates, and hence higher early termination gain can be achieved in these scenarios.


3	Conclusion
In this contribution, the frozen bit values and scrambling issue is discussed. Some observations are found and listed below.
Observation 1: The method in [7] provides strong discrimination capability compared to the use of a limited number of frozen bits.
Observation 2: PM discrimination improves for larger block sizes and lower code rates, and hence higher early termination gain can be achieved in these scenarios.
Proposal 1: Having additional or different scrambling method than LTE CRC masking is needed to guarantee the ET benefits. 
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