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1 Introduction
In RAN1#91 meeting the following agreements regarding scrambling of coded bits for PDSCH / PUSCH were made:
	Agreement:

· Gold-31 sequence same as LTE is used for PDSCH/PUSCH data scrambling 

· At least the following parameters are used for data scrambling initialization: 

· nRNTI 

· CW index: 1 bit

· Scrambling ID or N_ID (RRC configured with the default setting as P_Cell ID): X bits

Agreement:

For data scrambling:

· The value of X is 10

· 
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 is defined as 
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In this contribution we demonstrate the performance loss due to lack of time index in the initialization of random sequence [1].  It is, therefore, recommended to amend RAN1#91 agreement to allow usage of time index for scrambling sequence determination in some scenarios, where its presence in 
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 is not critical from implementation perspective.
2 Discussion

Figure 1 illustrates the performance of HARQ with 2 and 3 retransmission using RV = {0, 0} and RV = {0, 1, 0} respectively. For evaluation 64QAM, 256QAM and 1024QAM modulations with different scrambling approaches according to LTE and NR were used. It can be seen from Figure 1 that time invariant scrambling adopted for NR provides up to 2dB performance degradation comparing to LTE time dependent scrambling, where subframe index is used to determine scrambling sequence initialization value. 

[image: image4.emf]5 10 15 20 25 30 35

SNR, dB

10

-2

10

-1

10

0

B

L

E

R

2x4 (2 layers), TDL-B 100ns, 5Hz, MMSE CHE, Tx/Rx EVM = 2,1%

64QAM, R = 3/4, NR scrambling

256QAM R = 3/4, NR scrambling

1024QAM R = 3/4, NR scrambling

1024QAM R = 3/4, LTE scrambling

256QAM R = 3/4, LTE scrambling

64QAM, R = 3/4, LTE scrambling

 [image: image5.emf]5 10 15 20 25 30 35

SNR, dB

10

-2

10

-1

10

0

B

L

E

R

2x4 (2 layers), TDL-B 100ns, 5Hz, MMSE CHE, Tx/Rx EVM = 2,1%

64QAM, R = 3/4, NR scrambling

256QAM R = 3/4, NR scrambling

1024QAM R = 3/4, NR scrambling

64QAM, R = 3/4, LTE scrambling

256QAM R = 3/4, LTE scrambling

1024QAM R = 3/4, LTE scrambling


(a) 2 retransmissions with RV = {0, 0} 


(b) 3 retransmissions with RV = {0, 1, 0}
Figure 1: Performance of NR and LTE scrambling for PDSCH with HARQ combining (CC and IR)
Considering the above results and that fact that in most of the cases there is no implementation issue to use LTE approach for scrambling of the coded bits for PDSCH and PUSCH with time dependent 
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, the following proposal is made:
Proposal:
· To match NR performance to LTE, introduce time index for scrambling sequence initialization 
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· Disabling of time index in scrambling sequence initialization may be also supported for specific scenarios, where transmission time instance is not known in advance, e.g. NR unlicensed operation
3 Summary

In this contribution we demonstrate the performance loss due to lack of time index in the initialization of random sequence. Based on the performance evaluation the following proposal is made:

Proposal:

· To match NR performance to LTE, introduce time index for scrambling sequence initialization 
[image: image8.wmf]init

c


· Disabling of time index in scrambling sequence initialization may be also supported for specific scenarios, where transmission time instance is not known in advance, e.g. NR unlicensed operation
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