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1. Overview
In RAN1 #90b Prague meeting [1], there made a working assumption on no UE-specific scrambling: 
	Working assumption: no additional UE-specific scrambling motivated by channel coding; can be revisited on Thursday or at RAN1#91 if it is shown that valid codeword interference occurs sufficiently frequently to cause significant overall loss in ET gain (in which case, the following examples of scrambling may be considered, provided that the number of required blind decodes is not increased: u-domain or c-domain or before mapping to modulation symbols, or payload scrambling after CRC calculation but before CRC attachment).

Observations on scrambling:
· When input to decoder is effectively AWGN or random QPSK, there is no difference in ET gain between cases with and without UE-ID-based u-domain scrambling
· Pros and cons of scrambling: 
· When input to decoder is another valid codeword, scrambling gives ET benefits in cases of high SINR to the unintended UE
· May increase latency (different opinions)



To proceed further, it is necessary to check the possibility of the events where UE-specific scrambling can potentially provide early termination gain. 




2. Probability of Monitoring an Overlapped False DCI
In NR and LTE, similar randomization mechanism is applied to allocate non-overlapped resources for different UE DCIs. In UE side, blind decoding with multiple trials is required to identify the intended DCI. Although the probability UE monitors a false DCI may not be small, UE-specific scrambling can bring distinct benefit only when the resource configuration of the false DCI exactly matches that of a blind decoding. Consequently, we aim to analyze the probability of a false DCI that possesses the same AL and CCE allocation as a blind decoding.
The simulation will involve the following system-level specifications:
· Traffic model: 
We apply the FTP data traffic model where an event of transmitting a packet of 500 Kbyte to a UE is randomly drawn according to a Poisson process. The arrival rate is designed according to the targeted system loading.
· System loading: 
We consider 80% resource utilization (RU), meaning 80% of the data resources are utilized for data transmission. The setting represents the extreme scenario where a UE is most likely to monitor a false DCI intended for other UEs, and practical RU is usually below 60%.  According to our system simulation, 80% RU will correspond to ~10 UEs in a 20MHz control region of 2 symbols.
· Distribution of aggregation levels (ALs):
From our field log analysis, LTE networks tend to have the following distribution: Probability of [AL1, AL2, AL4, AL8] = [0.5572, 0.2866, 0.1233, 0.0329]. For NR, the distribution may be different, and we will also consider the uniform distribution:
Probability of [AL1, AL2, AL4, AL8] = [0.25, 0.25, 0.25, 0.25].

With the above simulation settings, Table 1 summarizes the simulation results. One can observe from Table 1 that the probability of monitoring an overlapped false DCI per blind decoding is up to ~12%. Therefore, the following observation can be concluded:

Observation: The probability of monitoring an overlapped false DCI per blind decoding is up to ~12%, meaning ~88% of the blind decoding cannot benefit from UE-specific scrambling.

Table 1: System simulation results of monitoring an overlapped false DCI per blind decoding
	Overlap probability per blind decoding
	All ALs
	ALs 1&2
	ALs 4&8

	[AL1, AL2, AL4, AL8] 
= [0.25, 0.25, 0.25, 0.25]
	12.44 %
	6.31 %
	6.12 %

	[AL1, AL2, AL4, AL8] 
= [0.5572, 0.2866, 0.1233, 0.033]
	11.53 %
	9.57 %
	1.96 %





3. Summary
[bookmark: _GoBack]In this contribution, system-level simulation is conducted to analyze the probability that UE-specific scrambling may bring distinct benefit for NR DL control. In particular, we have

Observation: The probability of monitoring an overlapped false DCI per blind decoding is up to ~12%, meaning ~88% of the blind decoding cannot benefit from UE-specific scrambling.
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