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1  Introduction
[1] and [2] have been proposed as TPs on LLS evaluation criterion and L1 processing diagram respectively. These TPs include newly discussed LLS options in recent RAN3 meetings and are prepared to be adopted into TR 38.816. This paper complements [1] and [2] with clarifications on LLS evaluation criterion and L1 processing diagram pertaining to option 7-3, followed by proposal for modifications for each case.
2  Discussion
According to RAN1 LS reply in R1-1719203, it confirmed that the flowchart from RAN3's LS is one example and some of the aspects are purely implementation i.e. it is difficult to have a consensus on what L1 flow chart is.
In addition, In [3], a new LLS split option (referred to as Option 7-new in [3]) is proposed to offer lowest fronthaul bandwidth in both DL and UL among Option-7 family while maintaining best receiver performance for UE in mobility. Option 7-new partially supports UL advanced receiver as will be elaborated later. Option 7-new for both DL and UL is captured in [1,2] and renamed to option 7-3 therein. 
2.1 Clarifications for Functionalities and distribution between lls-CU and lls-DU
[3] doesn’t specify how SRS and PRACH processing functionalities are split between CU and DU. Therefore we furnish the missing details and point out necessary change in [2] on UL L1 processing diagram and corresponding descriptions on SRS and PRACH in order for Option 7-3 in [2]. We first inherit the following definitions from [2]:

1. SRS Processing without preceding digital beamforming.
2. PRACH Filtering
3. PRACH Detection

Then SRS processing and PRACH Filter/PRACH detection should all reside in DU, while measurements as outputs of the above processing are transported to CU for further processing, e.g., TA, correlation value. The consideration is to eliminate the need to transport (1) SRS and PRACH data from DU to CU; (2) SRS based BF weights from CU to DU. 

Split option 7-3 for SRS is described below:
-	RF, FFT / CP removal, and RE demapping and SRS processing reside in the lls-DU;
-	The rest of Layer-1 reside in the lls-CU;

Split option 7-3 for random access channel is described below:
-	RF, PRACH filtering, Digital beamforming and PRACH detection reside in the lls-DU;
-	The rest of Layer-1 resides in the lls-CU;

Meanwhile, the modified UL diagram is shown in Figure 1.


Figure 1. NR Layer-1 functionalities and their distribution between lls-CU and lls-DU for UL

According to the above analysis, here we propose:
Proposal1: Update the SRS process block and PRACH detection block in the Figure for UL and the corresponding description. 
2.2 Clarifications and proposals for Evaluation criteria and comparison of options
As for the evaluation criterion, we propose to discuss the following criteria and corresponding assessment in Table 11.1.3.1 in [1]:

1. Fronthaul Bandwidth
There are several important differences between option 7-3 and option 7-2/7-2a:
a) In option 7-3 UL, only equalized symbols are transported over fronthaul, no DMRS symbol needs to be transported.
b) No SRS data or PRACH data, either from all antenna ports or after digital beamforming/pre-filtering, are transported over fronthaul.
We have analyzed fronthaul UL bandwidth in [3] based on a) only and option 7-3 has the lowest requirement. If we count b) also, it’s safe to say option 7-3 have lower required bandwidth compared with option 7-2/7-2a. 
Proposal2: We propose to modify the assessment on required bandwidth to: Higher than Option6 and higher to the right among 3 options.

2. Fronthaul interface complexity
Objectively speaking, to fully understand the fronthaul interface complexity, we need to first quantitatively define procedures and relative information to be exchanged through the interface which at this time are not quite clear across all split options. Without clear definition, it’s hard to accurately assess the interface complexities of different split options and their ranking. 
Proposal3: The definition of evaluation criterion on fronthaul interface complexity is unclear and we propose to remove the item from the evaluation criterion.

3. DU impact
Low PHY layer split basically partitions PHY functionalities among DU and CU, therefore balancing of DU and CU complexity should be in the equation as we assess pros and cons of different split options. While reducing volume and weight of DU is always preferable in site deployment, footprint and heat are also big concern in housing CU. As long as specification of DU is met, ranking complexity of DU among different split options is not quite meaningful. 
Proposal4: We propose either adding an item of CU impact or removing the item of DU impact from the evaluation criterion.

4. UL advanced receiver.
As pointed in [3], Option 7-3 also supports UL advanced receiver, e.g., UL CoMP JR. For this split option, it does have limitation as only demodulated symbols after equalization from difference DUs are transported to CU. As such CoMP JR on option 7-3 can only enhance reception performance for UE at the cell edge by combining symbols or soft bits from different DUs. SU-MIMO or MU-MIMO capability will not be enhanced through CoMP JR in this case. However, Option 7-3 is most suitable for deployment scenario with gNB/eNB equipped with massive MIMO antenna system, in which SU-MIMO/MU-MIMO/inter-cell interference performance are well taken care of by single DU, additional gain for those features is deemed marginal. 
Proposal5:Modify Table 11.1.3.1 in [1] as follows where “UL advanced receiver aspects” for Option 7-3 is changed from NA to Partially Yes. 
3. Conclusion
In this paper, we discussed the clarification on Option7-3 as an example and the analysis on evaluation criteria, the following proposals are provided:
Proposal1: Update the SRS process block and PRACH detection block in the Figure for UL and the corresponding description. 
Proposal2: We propose to modify the assessment on required bandwidth to: Higher than Option6 and higher to the right among 3 options.
Proposal3: The definition of evaluation criterion on fronthaul interface complexity is unclear and we propose to remove the item from the evaluation criterion.
Proposal4: We propose either adding an item of CU impact or removing the item of DU impact from the evaluation criterion.
Proposal5:Modify Table 11.1.3.1 in [1] as follows where “UL advanced receiver aspects” for Option 7-3 is changed from NA to Partially Yes. 

The corresponding delta TP based on [1] and [2] is shown in the Annex.
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4	Functionalities and distribution between lls-CU and lls-DU
Editors note: Corresponds to 2-a in SI objective
Following figure illustrates the example for NR Layer-1 processing diagram and split point candicates between lls-CU and lls-DU for DL and UL, respectively. 


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.




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;
-  Option7-3:
-	RF, FFT / CP removal, and RE demapping and SRS processing 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 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;
-  Option7-3:
-	RF, PRACH filtering, Digital beamforming and PRACH detection 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;
[bookmark: _Toc496270356]5	Evaluation criteria and comparison of options
Editors note: Corresponds to 2-b in SI objective
The table below provides a comparative analysis of the different CU-DU split options identified among Option 6 and Option 7 family. 
Table 11.1.3.1 Comparison table for lower layer split options
	Evaluation Criterion
	Option 6
	Option 7

	
	
	7-3
	7-2
	7-2a
	7-1

	Fronthaul bandwidth
	Required bandwidth
	Low
	Higher than Option6 and higher to the right(similar among 3 options)
	Higher than others

	
	
	baseband bits
	Quantized IQ (f)

	
	scaling based on layer/stream/antenna
	Scales with MIMO layers
	Scales with antenna ports

	
	traffic dependent or not
	Yes
	No

	Performance
	Multi-cell/freq. coordination
	centralized scheduler  (can be common per CU)

	
	UL advanced receiver aspect
	FFS
	N/A Partially Yes
	FFS
	Yes

	Fronthaul interface complexity
	Specification complexity
	Higher on the right

	
	Multi-vendor inte-operability
	Easier on the right

	DU impact
	DU complexity
	Lower on the right

	
	Future proofness
	More on the right

	CU impact
	CU complexity
	Higher on the right
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