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1. Overview
For DL Polar coding chain, there agrees distributed CRC design for UE to realize early termination advantage. In addition to the scheme with CRC check, there are soft metric based schemes that can also help UE to early terminate decoding false candidates [1][2][3]. 
In this contribution, we will provide:  
· UE implementation considerations on UE scrambling. In particular, UE scrambling should be realized on coded bits instead of frozen bits, and UE scrambling with 1-CCE period is suggested to minimize descrambling effort during PDCCH blind decoding.
· Feasibility check on filtering out false candidates for large K and N values.



2. UE implementation Consideration on UE Scrambling
Although UE scrambling on frozen bits is a natural idea to create path metric difference and distinguish a false candidate codeword, it conflicts with the frozen bit skipping scheme. In particular, those frozen bits before 1st data bit may not be incorporated in path metric so as to save f-function computation. Also, if the frozen bits take zero value, it helps optimizing the implementation on g-function computation. In this regard, we suggest

Proposal 1: UE scrambling and descrambling should be realized over coded bits so as to facilitate decoder latency optimization assuming zero frozen bits.
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Fig. 1: All zero frozen bits help UE optimize g-function processing after frozen skipping
Regarding UE blind decoding over multiple candidate codewords, we see the time complexity for performing descrambling is proportional to candidate codeword sizes and the total number. In order to minimize the additional processing time on descrambling, UE scrambling with 1-CCE period is suggested so that it can be combined with channel bit interleaver with 1-CCE span. The de-interleaving and descrambling output can be efficiently reused by the candidate codewords of all ALs. Therefore, we have

Observation 1: Comparing Fig. 2 and Fig. 3, UE scrambling with 1-CCE period can significantly reduce UE descrambling effort.

Proposal 2: UE scrambling applies 1-CCE period for minimized descrambling effort regarding PDCCH blind decoding.
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Fig. 2: Descrambling time complexity is proportional to blind decoding candidates
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Fig. 3: Per-CCE periodic scrambling can reduce the descrambling time complexity by 70%

3. Feasibility Check on Rejecting False Candidates
In this section, we check the feasibility for UE to exploit UE scrambling feature and reject random signal or DCI intended for other UE. Since the benefit of decoding complexity saving is largest for the setting with large K and N values, we assume K = 64 info + 24-bit CRC, N = 512, and M = 864. 
In Fig. 4, the best path metric of false and correct candidates are compared. In order to ensure the latency saving benefit for early termination, the path metric generation considers frozen bit skipping before 1st data bit and only accumulate to input index 255. As can be observed from Fig. 4, the path metric separation become more evident with higher SNR. Therefore, UE can indeed exploit the early termination benefit with the simple UE scrambling design. Overall early termination benefit can be maximized by jointly exploiting distributed CRC design. Consequently, we can conclude with:

Observation 2: UE scrambling can provide early termination gain in higher SNR region with minimized descrambling effort.

Proposal 3: UE scrambling with 1-CCE period is adopted for UE-specific DL control information to maximize UE early termination benefit in all SNR regions.
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Fig. 4: UE scrambling can help rejecting false candidates in higher SNR region





4. Summary
In this contribution, we investigated UE scrambling for UE to realize maximal early termination gain while minimal descrambling effort. In particular, the following are provided:
Proposal 1: UE scrambling and descrambling should be realized over coded bits so as to facilitate decoder latency optimization assuming zero frozen bits.

Observation 1: Comparing Fig. 2 and Fig. 3, UE scrambling with 1-CCE period can significantly reduce UE descrambling effort.
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Proposal 2: UE scrambling applies 1-CCE period for minimized descrambling effort regarding PDCCH blind decoding.
  
Observation 2: UE scrambling can provide early termination gain in higher SNR region with minimized descrambling effort.

Proposal 3: UE scrambling with 1-CCE period is adopted for UE-specific DL control information to maximize UE early termination benefit in all SNR regions.
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