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Introduction
At the RAN1#88bis meeting, the following agreements were made regarding DL control monitoring and data transmission duration [1]:
· UE can be configured to “monitor DL control channel” in terms of slot or OFDM symbol with respect to the numerology of the DL control channel
· Specification supports occasion of “DL control channel monitoring” per 1 symbol with respect to the numerology of the DL control channel
1. Note: This may not be applied to all type of the UEs and/or use-cases
1. FFS whether or not total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per symbol can exceed the total number of blind decodings in a slot when a UE is configured with “DL control channel monitoring” per slot
· Data channel (PDSCH, PUSCH) duration and starting position
· Specification supports data channel having minimum duration of 1 OFDM symbol of the data and starting at any OFDM symbol to below-6GHz, in addition to above-6GHz
1. Note: This may not be applied to all type of UEs and/or use-cases
1. UE is not expected to blindly detect the presence of DMRS or PT-RS
1. FFS: Whether a 1 symbol data puncturing can be indicated by preemption indication
· FFS: combinations of data duration and granularities of data position
· Specification supports data having frequency-selective assignment with any data duration
· FFS: relations between “DL control channel monitoring” occasions and data channel durations
· Note: this is addition to the agreements at RAN1#86.
· Note: 1-symbol case may be restricted depending on the BW.
In this contribution, we present our view on data scrambling for NR.  
Discussion on data scrambling for NR
Figure 1 illustrates signal generation procedure for DL data in LTE [2]. After channel coding, first step is to perform scrambling on each codeword in order to randomize the interference. 
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For PDSCH and PUSCH in LTE, scrambling sequence is defined as a function of subframe index, physical cell ID, RNTI and codeword index, which can help in randomizing interference between different cells, UEs and codewords. More specifically, the scrambling sequence generator is initialized as 

where  is the RNTI associated with PDSCH or PUSCH transmission;  is the codeword index;  is the slot index and  is the physical cell ID. 

Data scrambling for NR
For NR, for slot based scheduling, similar design principle as defined in LTE can be applied for the data scrambling. More specifically, the scrambling sequence can be defined as a function of slot index, cell ID, RNTI and codeword index. Note that for slot based scheduling, slot index can be defined according to the numerology associated with configured bandwidth part. Note that physical or virtual cell ID may be used for scrambling sequence generation for data transmission. 
As agreed in the RAN1#88bis meeting [1], data transmission can have minimum duration of 1 symbol and can start at any OFDM symbol. For non-slot based scheduling, it is desirable to additionally consider the symbol index to further randomize the interference within one slot. In particular, the starting symbol index can be included in the equation for the scrambling sequence generation for data transmission. 
Proposal 1
· For slot based transmission, LTE design principle can be reused, i.e., scrambling sequence is defined as a function of slot index, cell ID, RNTI and codeword index.
· Slot index is defined according to the numerology associated with configured bandwidth part. 
· For non-slot based transmission, starting symbol for data transmission can be additionally included for scrambling sequence generation. 

Gold sequence generator
As agreed in RAN1#86bis meeting, for subcarrier spacing up to 60kHz, the number of symbols within one slot is 7 or 14; while for subcarrier spacing larger than 60kHz, the number of symbols within one slot is 14. According to this agreement, the number of slots within 10ms frame duration can be listed in Table 1:
[bookmark: _Ref489729400]Table 1. The number of slots within one frame duration
	Subcarrier spacing (kHz)
	Number of slots
(7-symbol slot duration)
	Number of slots
(14-symbol slot duration)

	15
	20
	10

	30
	40
	20

	60
	80
	40

	120
	N/A
	80

	240
	N/A
	160



From the Table 1, it can be observed that maximum number of slots within one frame is 160. In case when 480kHz subcarrier spacing is supported in future release, maximum number of slots within one frame may be further extended. For instance, bit-width for the number of slots can be specified as 9 for future proof. In addition, the number of physical cell IDs is increased to 1008 for NR. The combination of increase in number of slots, potential use of OFDM symbol index, and increase in number cell ID, requires larger bit width for the initialization value for the PN code. If scrambling sequence generation for data transmission in LTE is reused, initialization bit-width for PN sequence generation would be 35, which exceeds what was defined in LTE. Table 1 shows an example of the initialization bit width for NR assuming that all parameters are simply extended.
[bookmark: _Ref489532984]Table 1. Initialization Value comparison for PN code
	
	LTE
	NR (if equations are used directly)

	PUSCH /PDSCH Scrambling
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To address this issue, as discussed in our companion contribution [3], a larger polynomial order for the PN code can be defined. In particular, in order to ensure future proof of sequence generator for upcoming releases of NR, a length-63 Gold sequence can be adopted for PN sequence generation.  
Proposal 2
· A length-63 Gold sequence is adopted for PN sequence generation. 

Conclusions
In this contribution, we shared our view on data scrambling for NR. Based on the discussion, we summarize our views through the following proposals:
Proposal 1
· For slot based transmission, LTE design principle can be reused, i.e., scrambling sequence is defined as a function of slot index, cell ID, RNTI and codeword index.
· Slot index is defined according to the numerology associated with configured bandwidth part. 
· For non-slot based transmission, starting symbol for data transmission can be additionally included for scrambling sequence generation. 
Proposal 2
· A length-63 Gold sequence is adopted for PN sequence generation. 
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