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1 Introduction
Scrambling is an important technique to randomize interference by multiplied with a pseudo-random sequence, which comes from the other UEs and TRPs. The UE or TRP must be provided with the scrambling initializer to scramble the data and reference signals for all relevant physical channels [1]. This is a resubmission of R1-1715715 [2].
2 Discussion
In LTE, transmissions are scrambled with a pseudo-random scrambling sequence initialized with UE ID, cell ID, slot number and so on. In NR, multiple transmission numerologies are supported. Due to the adoption of mixed numerologies, the slot number of signals transmitted from different TRPs with different transmission numerologies at the same time would be different. In order to randomize interference of various slots, scrambling should be initialized by the slot number. According to current agreements of NR, for transmission numerologies, there are two kinds of slot numbered methods based on subframe and frame respectively. There are three approaches to randomize the interference according to the numbered methods.
Approach 1: Scrambling should be initialized by the slot number within a frame.
Approach 2: Scrambling should be initialized by the slot number within a subframe and subframe number within a frame.

Approach 3: Scrambling should be initialized by the slot number within a subframe.

As shown in Figure 1a, for slot number within a frame, the value of the slot number is various except for the first slot per frame of different transmission numerologies. Approach 1 could randomize the interference of different slots within a frame and different transmission numerologies. As shown in Figure 1b, for slot number within a subframe, the value of the slot number per subframe is repetitive. Besides, for different transmission numerologies, the value of the slot number for the first slot per subframe is the same. Therefore, the overlapping value of the slot number by approach 1 is less than approach 2 and approach 3. Consideration of the interference randomization with different slots, the approach 1 is the best.
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Figure1: multiple transmission numerologies with slot configuration 1
At the same time, for the mixed numerologies, the detail of formulas needs to be further studied. Due to the dependency on the number of slot, there are two methods to design the formulas. One is using the maximum number of slot for all numerologies. As shown in table 1 [1], the maximum number of slot within a frame is 320. The other is using maximum number of slots for each numerology. For example, for 
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=0 and slot configuration=0, the maximum number of slot within a frame is 10. For 
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=5 and slot configuration=0, the maximum number of slot within a frame is 320. Furthermore，it deserves a further study that the detailed formula for different slot format with different symbol number under the same numerology should be the same or not. 
Table 1: Number of OFDM symbols per slot, 
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	14
	10
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	1
	14
	20
	2

	2
	14
	40
	4

	3
	14
	80
	8

	4
	14
	160
	16

	5
	14
	320
	32


Proposal 1: Scrambling should be initialized by the slot number within a frame.

For data transmission e.g. system message, different transmission numerologies could be adopted for RMSI according to the agreement. With regard to the interference randomization for various transmission numerologies, scrambling may need to be initialized by numerology/subcarrier spacing configuration.
For frequency-domain resource allocation, it is agreed that BWP configuration is UE specific. Due to the adoption of mixed transmission numerologies for BWPs, the interference randomization for different BWPs can be different by scrambling using numerology/subcarrier spacing configuration. In addition, it is possible that a UE can be configured with multiple BWPs and the BWPs adopt the same numerology. Considering the BWP is configured with different BWP index, scrambling should be initialized by BWP index in order to randomize the interference.
Proposal 2: Scrambling should be initialized by numerology/subcarrier spacing configuration/BWP index.
In LTE, it is TB/CW-based (re)transmission and TB/CW-based HARQ as TB is transmission unit. In NR, it is CBG-based (re)transmission and CBG-based HARQ as CBG is transmission unit. For one TB, there are several CBGs. With regard to the flexibility of CBG-based (re)transmission and CBG-based HARQ, scrambling could be initialized by CBG index to randomize the interference of different CBGs.

Proposal 3: Scrambling should be initialized by CBG index.
In LTE, the “virtual cell ID” is introduced to scramble the data and relevant signals in CoMP while the physical cell ID is used in single transmission point. There would be a transmission delay for the mobile UE as the switch of the transmitting TRPs. Thus, for the mobility of UE in a larger area with less transmission delay, we propose that the scrambling initialization should be not related to any network identifier like the cell ID or virtual cell ID at least for UE-specific data transmission. In order to obtain the randomize interference among various UEs, scrambling should be initialized by UE ID.
Proposal 4: Scrambling should be not related to any network identifier like the cell ID or virtual cell ID at least for UE-specific data transmission. 
Proposal 5: Scrambling should be initialized by UE ID.
For non-coherent JT in NR, based on the current LTE specification without the network identifier like the cell ID, the scrambling sequence would be the same for a UE transmitting with different TRPs. In this way, it would not satisfy the needs of interference randomization. To solve the problem, the possible scheme is scrambling can be initialized by the QCL related information, e.g. QCL indication or antenna port group. 
For non-coherent JT in NR, the DMRS antenna ports of a UE could be grouped corresponding to per QCL assumption and each group can be used for one TRP. According to the QCL related information, different sets of parameter would be adopted by each TRP. As the QCL related information is semi-statically by RRC signaling and the sets of parameter for each TRP are designed in advance, it would reduce the transmission delay that the data could be scrambled in advance. Therefore, we propose that scrambling should be initialized by the QCL related information per TRP, e.g. QCL indication or antenna port group.
Proposal 6: Scrambling should be initialized by the QCL related information per TRP, e.g. QCL indication or antenna port group.
3 Conclusions
In this contribution, we present our views on data channel scrambling. The following are our proposals:
Proposal 1: Scrambling should be initialized by the slot number within a frame.

Proposal 2: Scrambling should be initialized by numerology/subcarrier spacing configuration/BWP index.

Proposal 3: Scrambling should be initialized by CBG index.
Proposal 4: Scrambling should be not related to any network identifier like the cell ID or virtual cell ID at least for UE-specific data transmission. 
Proposal 5: Scrambling should be initialized by UE ID.
Proposal 6: Scrambling should be initialized by the QCL related information per TRP, e.g. QCL indication or antenna port group.
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