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1. Introduction
In the 3GPP RAN1 #90b and NR AH #3,  the following agreements for codeword mapping were achieved [1][2].
Regarding codeword to layer mapping order: 

Agreements:
· For DL data channel, the modulated symbol stream associated with a codeword (CW) is only mapped to the allocated resource with the following order in Rel-15 NR:

· First across layers associated with the codeword (CW), then across subcarriers (frequency) and then across OFDM symbols (time)

· For UL data channel with CP-OFDM waveform, support the same layer mapping procedure with DL

· No frequency and/or time interleaving is supported in Rel-15 NR
· FFS for DFT-s-OFDM uplink with and without frequency hopping
· Note that additional layer correspondence can be a separate discussion from 3 to 8 layers
Agreements:
· No additional CW-layer correspondence is supported, at least in Rel-15, for >4 layers
Regarding mapping order for DFT-s-OFDM waveform, the following agreements were achieved.

Agreements:

For RE mapping for DFT-S-OFDM without frequency hopping:

· Option 1

For RE mapping for DFT-S-OFDM with frequency hopping, downselect between the following alternatives in RAN1#90bis:

· Option 1

· Option 3
Working Assumption
· For DFT-SOFDM for single codeblock with intra-slot frequency hopping, only Option 1 is supported:
· The RE mapping is performed with the following order:
· Frequency-first mapping followed by time and sub-slot: the modulated symbols are first mapped across sub-carriers, then across DFT-SOFDM symbols within a sub-slot, then across sub-slots (occupying different sets of PRBs)
· FFS: DFT-SOFDM for multiple codeblock with intra-slot frequency hopping 
There is also an Email discussion about data scrambling, the following agreement is achieved.
Agreements:
· The c_init for data scrambling depends at least on a “Scrambling ID” parameter configured to the UE by RRC. FFS whether one RRC parameter is used for c_init for both PUSCH and PDSCH or if two independent RRC parameters is used.
· Discuss further this issue and dependence on other parameters, default value etc. in RAN1#91.
In this contribution, remaining details of codeword mapping are discussed. 
2. Layer Mapping for DFT-s-OFDM
In previous meetings, three options are mainly discussed for DFT-s-OFDM with frequency hopping. The performance gain is mainly from mapping more diverse channels within one code-block. For the case of single codeblock with intra-slot frequency hopping, there is working assumption to follow the mapping order of CP-OFDM. 

Simulations are conducted to verify the performance of the three mappings for the case of two codeblocks. It is shown that under some special conditions the performance of Option 2 and Option 3 are almost the same while Option 1 is worse than those two. For the case of frequency hopping DFT-s-OFDM with two codeblocks, the BLER performance of Option 3 is the best.  
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Observation: 

· For the case of frequency hopping DFT-s-OFDM with two codeblocks, the BLER performance of Option 3 is the best.  
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3. Data Scrambling
The major motivation for data scrambling is to randomize possible interference. There are mainly the following possible parameters raised :
· C-RNTI like parameter

· In our understanding, this parameter is necessary to randomize data for different UEs;

· This parameter is approximately ~16bits ;

· CW index

· Two codewords could possibly be transmitted to a UE simultaneously. If by any chance, the interference between the two codewords are serious after equalization, then there might be non-ramdomized interferce and the corresponding false alarm rate would be increased.

· This parameter is 1 bit for two codewords;

· DL/UL/[sidelink]

· With RNTI and possible configurable scrambing ID (to differentiate different cells/TRPs/beams), it seems that DL/UL/[sidelink] is not necessary to randomize the interference between DL/UL/[sidelink] because with each pair of UE/TRP, there would be only one direction of transmission ;

· Time related index : slot index, symbol index

· This parameter should not be included for unlicensed operation; furthermore, considering already randomized interference with scrambling ID, randomization through slot index and symbol index is not necessary;

· Scrambling ID

· Here the motivation is for multi-TRP/panel/beam scenarios.

· If Gold-31 sequence as in LTE is used, then there would be 14 bits left :
· 10 bits for the flexibility of different PCID ;

· ~4 bits could be used to differentiate differnt TRPs/panels/beams which could provide some implementation flexibility for the gNB.

 From above discussion, we have the following proposal.
Proposal 1: 

· The following parameters are used for PDSCH/PUSCH data scrambling:

· C-RNTI with ~16bits;

· CW index with 1 bits;

· Scrambling ID with ~14 bits or more;  
4. Simulation Assumptions
The corresponding simulation assumptions are as following:

	Parameters
	Values

	Carrier Frequency
	4GHz

	Subcarrier Spacing for data
	15kHz

	Channel Model
	TDL-A  model

· delay spread =300ns

· UE speed=3km/h

	BS antenna configurations
	For 4 GHz: BS antenna number =2. 

	UE antenna configurations
	For 4 GHz: UE antenna number =1

	DMRS pattern
	Configuration 1,  one additional DMRS


5. Conclusion

In this contribution, remaining details of codeword mapping are discussed and the following proposals are given:
Observation: 

· For the case of frequency hopping DFT-s-OFDM with two codeblocks, the BLER performance of Option 3 is the best.  
Proposal 1: 

· The following parameters are used for PDSCH/PUSCH data scrambling:

· C-RNTI with ~16bits;

· CW index with 1 bits;

· Scrambling ID with ~14 bits or more;  
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