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1. Introduction
This paper provides the text proposal to TR38.816 on L1 processing diagram. 
2. Text proposal
4
Functionalities and distribution between lls-CU and lls-DU

Following figure illustrates the NR Layer-1 processing diagram and split point candicate between lls-CU and lls-DU for DL and UL, respectively. 
Editor’s note: L1 processing diagram in Figure 1 and 2 need to be confiremd by RAN1 
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Figure 1. NR Layer-1 functionalities and their distribution between lls-CU and lls-DU for DL

As in Figure 1, the following Layer-1 and RF functions are assumed:

-
For data, control and broadcast channels (e.g. PDSCH, PDCCH and PBCH):

-
Channel coding, Rate matching, Scrambling, Modulation, Layer mapping, Precoding, RE mapping, Digital beamforming, IFFT / CP addition, Digital to Analog, and Analog beamforming;
-
For synchronization and reference signals (e.g. SS, CRS, CSI-RS, DMRS):

-
Signal generation, Layer mapping, Precoding, RE mapping, Digital beamforming, IFFT / CP addition, Digital to Analog, and Analog beamforming.
Each functions in Figure 1 are described below:

-
Channel coding, Rate matching and Scrambling:

-
These functions will be specified in physical layer specifications, e.g. TS 38.211 and TS 38.212;

-
These functions perform bit level processing;
-
Modulation:

-
This function will be specified in physical layer specifications, e.g. TS 38.211;

-
This function takes scrambled bits, modulates them and outputs quantized IQ symbol data;
-
Signal generation:

-
This function (synchronization signal sequence generation and reference signal sequence generation) will be specified in physical layer specifications, e.g. TS 38.211;

-
This function outputs quantized IQ symbol data;
-
Layer mapping:

-
This function will be specified in physical layer specifications, e.g., TS38.211;

-
This function takes quantized IQ symbol data and maps them onto one or several transmission layers;
-
Precoding:
-
This function will be specified in physical layer specifications, e.g., TS38.211;

-
This function takes quantized IQ symbol data of each transmission layer, processes them (e.g. applies precoding matrix) and outputs quantized IQ symbol data to be mapped onto resource elements;

-
In the case that the following Digital beamforming is used:

-
This function can output quantized IQ symbol data only for each transmission layer (i.e. the dimension of data before and after Precoding does not change and is the number of transmission layers);
-
In the case that the following Digital beamforming is not used:

-
This function outputs quantized IQ symbol data for each antenna port (i.e. the dimension of data before and after Precoding changes from the number of transmission layers to the number of antenna ports);
-
RE (Resource Element) mapping:
-
This function will be specified in physical layer specifications, e.g., TS38.211;

-
This function takes quantized IQ symbol data and maps them in sequence according to resource elements;
-
Digital beamforming:
-
Implementation may choose to use or not use this function depending on scenarios;

-
It is less likely to use this function for mm wave bands (Analog beamforming is a more realistic choice);
-
If used, this function takes quantized IQ symbol data of each transmission layer, processes them (e.g. applies beamforming weights) and outputs quantized IQ symbol data for each antenna port

-
I.e. the dimension of data before and after Digital beamforming changes from the number of transmission layers to the number of antenna ports).
-
IFFT / CP addition:
-
This function will be specified in physical layer specifications, e.g., TS38.211;

-
This function, per antenna port, takes quantized IQ symbol data (frequency domain) and outputs quantized IQ symbol data (time domain);
-
Digital to Analog:
-
This function, per antenna port, takes quantized IQ symbol data (time domain) and outputs analog signals;

-
Analog beamforming:
-
Implementation may choose to use or not use Analog beamforming depending on scenarios;
-
It is likely to use this function for mm wave bands;
-
If used, this function takes analog signals of each antenna port and processes them (e.g. applies beamforming weights using antenna elements).
It is noted that quantized IQ symbol data are transferred from the output of Modulation (for data, control and broadcast channels) and from the output of Signal generation (for synchronization and reference signals) to the input of IFFT / CP addition. The quantization resolution (IQ bit width) is assumed to be in the range of 7~16 bits for DL (i.e. an IQ sample in DL is represented by 2*(7~16) bits), in line with the assumption in TR 38.801 Table A-2.
Split options in Figure 1 are described below:

-
Option 7-1:
-
RF and IFFT / CP addition reside in the lls-DU;
-
The rest of Layer-1 and layers above reside in the lls-CU;

-
Option 7-2a:
-
RF, IFFT / CP addition and Digital beamforming reside in the lls-DU;
-
The rest of Layer-1 and layers above reside in the lls-CU;

-
Option 7-2c:
-
RF, IFFT / CP addition, Digital beamforming and RE mapping, and parts of Precoding reside in the lls-DU;
-
The rest of Layer-1 and layers above reside in the lls-CU;

-
Option 7-2:
-
RF, IFFT / CP addition, Digital beamforming, RE mapping and Precoding reside in the lls-DU;
-
The rest of Layer-1 and layers above reside in the lls-CU;

-
Option 7-3:
-
RF, IFFT / CP addition, Digital beamforming, RE mapping, Precoding, Layer mapping, Modulation and Signal generation reside in the lls-DU;
-
The rest of Layer-1 and layers above reside in the lls-CU;

-
Option 6:
-
RF and the entire Layer-1 reside in the lls-DU;
-
MAC and layers above reside in the lls-CU;

Figure 2 illustrates the NR Layer-1 processing diagram and possible split points between lls-CU and lls-DU for UL.
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Figure 2. NR Layer-1 functionalities and their distribution between lls-CU and lls-DU for UL

As in Figure 2, the following Layer-1 and RF functions are assumed:

-
For data and control channels (e.g. PUSCH and PUCCH):

-
Analog beamforming, Analog to Digital, FFT / CP removal, Digital beamforming, RE demapping, UL channel combining / Prefiltering, Channel estimation / Equalization, IDFT, Demodulation, Descrambling, Rate dematching and Decoding;
-
For reference signals (e.g. SRS):

-
Analog beamforming, Analog to Digital, FFT / CP removal, Digital beamforming, RE demapping and SRS process;
-
For random access channels (e.g. PRACH):

-
Analog beamforming, Analog to Digital, PRACH filtering, Correlation and Peak detection.
Each functions in Figure 2 are described below:

-
Analog beamforming:
-
Implementation may choose to use or not use Analog beamforming depending on scenarios;
-
It is likely to use this function for mm wave bands;
-
If used, this function takes analog signals and processes them (e.g. applies beamforming weights using antenna elements) and outputs analog signals per antenna port;
-
Analog to Digital:
-
This function, per antenna port, takes analog signals and outputs quantized IQ symbol data (time domain);

-
FFT / CP removal:
-
This function, per antenna port, takes quantized IQ symbol data (time domain) and outputs quantized IQ symbol data (frequency domain);
-
PRACH filtering:
-
This function, per antenna port, takes quantized IQ symbol data (time domain) and outputs quantized IQ symbol data (frequency domain) pertaining to PRACH:
-
Digital beamforming / Pre-filtering:
-
This function takes quantized IQ symbol data (frequency domain) of each antenna port, processes them (e.g. applies beamforming weights) and outputs quantized IQ symbol data for each transmission layer;

-
Implementation may choose to place this function above or below RE de-mapping, or not to use this fuction at all (in which case input to Channel estimation / Equalization will be data for each antenna port);
-
For SRS, implementation may choose to use or not use this function;
-
RE (Resource Element) demapping:
-
This function takes quantized IQ symbol data and demaps them from resource elements;
-
Channel estimation / Equalization:
-
This function takes quantized IQ symbol data, performs channel estimation (e.g. based on DMRS) and equalization (e.g. MMSE);

-
IDFT:
-
This function takes quantized IQ symbol data and outputs quantized IQ symbol data according to the relevant information bit order;

-
SRS processing:
-
This function takes quantized IQ symbol data of SRS and processes them to perform channel estimation for each transmission layer;

-
In the case that the preceding Digital beamforming is used for SRS:

-
This function takes quantized IQ symbol data of each transmission layer;
-
In the case that the preceding Digital beamforming is not used for SRS:

-
This function takes quantized IQ symbol data for each antenna port;
-
PRACH detection:
-
This function takes quantized IQ symbol data pertaining to PRACH and performs correlation and peak detection of RA preambles;

-
Demodulation:

-
This function takes quantized IQ symbol data, demodulates them and outputs soft bits;
-
Descrambling, Rate dematching and Decoding:
-
These functions take soft bits, process them and outputs MAC PDU bits.

It is noted that quantized IQ symbol data are transferred from the output of FFT / CP removal (for data and control channels and reference signals) to the input of Demodulation (for data and control channels) and to the input of SRS processing (for reference signals). The quantization resolution (IQ bit width) is assumed to be in the range of 10~16 bits for UL (i.e. an IQ sample in UL is represented by 2*(10~16) bits), in line with the assumption in TR 38.801 Table A-2.
Split options for data and control channel in Figure 2 are described below:

-
Option 7-1:
-
RF and FFT / CP removal reside in the lls-DU;
-
The rest of Layer-1 and layers above reside in the lls-CU;

-
Option 7-2a:
-
RF, FFT / CP removal and Digital beamforming reside in the lls-DU;
-
The rest of Layer-1 and layers above reside in the lls-CU;

-
Option 7-2:
-
RF, FFT / CP removal, Digital beamforming and RE demapping reside in the lls-DU;
-
The rest of Layer-1 and layers above reside in the lls-CU;

-
Option 7-3:

-
RF, FFT / CP removal, Digital beamforming, RE demapping and Channel estimation / Equalization reside in the lls-DU;

-
The rest of Layer-1 and layers above reside in the lls-CU;
-
Option 6:
-
RF and the entire Layer-1 reside in the lls-DU;
-
MAC and layers above reside in the lls-CU;

Split options for SRS in Figure 2 are described below:

-
Option 7-1:
-
RF and FFT / CP removal reside in the lls-DU;
-
The rest of Layer-1 reside in the lls-CU;

-
Option 7-2a:
-
RF, FFT / CP removal and Digital beamforming reside in the lls-DU;
-
The rest of Layer-1 reside in the lls-CU;

-
Option 7-2:
-
RF, FFT / CP removal, Digital beamforming and RE demapping reside in the lls-DU;
-
The rest of Layer-1 reside in the lls-CU;

-
Option 6:
-
RF and the entire Layer-1 reside in the lls-DU;
-
Nothing pertaining to SRS resides in the lls-CU;

Split options for random access channels in Figure 2 are described below:
-
Option 7-1:
-
RF and PRACH filtering reside in the lls-DU;
-
The rest of Layer-1 reside in the lls-CU;

-
Option 7-2a / 7-2:
-
RF, PRACH filtering and Digital beamforming reside in the lls-DU;
-
The rest of Layer-1 resides in the lls-CU;

-
Option 6:
-
RF and the entire Layer-1 reside in the lls-DU;
-
Nothing pertaining to PRACH resides in the lls-CU;
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