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1. Introduction
This paper addresses the L1 processing chain based on the feedback from RAN1 on the figure presented in RAN3 [1] and its distribution. 
2. Discussion
2.1. NR L1 processing chain
The figure presented in RAN3 is following and RAN1 responded with answers for 4 questions from RAN3 


          
Figure1 - NR L1 processing chains presented in RAN3 for DL (left-hand side) and UL (right-hand side)
The RAN1 answers to RAN3 questions are summarized below:
1) NR L1 functions
RAN1 confirmed the figure presented in RAN3 as one possible gNB implementation, although RAN1 specifications do not deal with the base station receiver-side functionality.
	RAN1 would like to highlight that RAN1 only specifies what UEs can expect for the transmitted downlink signal, and what signals the UEs are allowed to transmit in the uplink. RAN1 specifications do not deal with any base station receiver functionality. Regarding the base-station transmitter-side functionality outlined in the RAN3 LS, it aligns well with the processing steps envisioned by RAN1 as one possible implementation for NR. 
RAN1 specifications do not deal with the base station receiver-side functionality, RAN1 cannot provide formal answers on the receiver-side functionality outlined in the RAN3 LS, although, the outlined processing steps are one possible implementation.



However, RAN1 noted following:
-	Future 3GPP work, including extended focus on new types of services such as mMTC may impact the functionality of the physical layer, including rearrangement of functionality as well as adding new functional blocks;
-	Beam-forming, including the open-loop beam-forming, e.g., precoder cycling, and analog beam-forming, will largely be a specification-transparent functionality that may be implemented at different places within the sequence of transmitter steps.
-	Regarding the receiver processing chain, IDFT block doesn’t exist when CP-OFDM is applied for UL transmission. It should be noted that the uplink waveform can vary per UE, and different PUCCH formats may be transmitted with different waveforms
-	In the UL-L1, the receive path may not be linear as the figure in appendix suggests. It is possible to use iterative reception (such as SIC or Turbo Equalization), where the data might be moved back and forth between 1 or more functional blocks multiple times.
Above RAN1 answer is quite helpful for this study, and we propose to capture the figure presented in RAN3 as one possible implementation (in purpose of study) noting the non-exhaustive list of disclaimers provided by RAN1. 
Proposal1: Capture the figure presented in RAN3 as one possible implementation (in purpose of study) noting the non-exhaustive list of disclaimers provided by RAN1 in TR38.816. 

2) Fronthaul bandwidth dependency on transmission layers and antenna ports
Regarding the fronthaul bandwidth dependency, RAN1 provided following answer:
	For the DL, fronthaul bandwidth depends on implementation of Pre-coding and Digital BF. As an example, if DL digital spatial weight is applied only in the Pre-coding block, the numbers of signal dimension are transmission layers and antenna ports before and after the Pre-coding block, respectively. As another example, if DL digital spatial weight is applied in both of the Pre-coding and Digital BF block, the numbers of signal dimension are transmission layers before the Pre-coding and antenna ports after the Digital BF blocks. In this case, the signal dimension between Pre-coding and Digital BF is up to gNB implementation. Similarly, the UL is up to gNB implementation.



Since RAN3 agreed the required fronthaul bandwidth as criteria for its study, above feedback from RAN1 is helpful and thus we propose to capture it in TR38.816.
Proposal2: Capture the RAN1 feedback on fronthaul bandwidth dependency in TR38.816.
The specific TP based on [2] is provided in Annex. 
2.2. NR L1 function distribution
In Rel-14 SI, the functional split options were discussed based in LTE L1 processing chain [3] and we need first identify them based on the NR L1 processing chain. Even while RAN1 pointed out that there may be various implementations, we consider it is worthwhile to discuss based on the figure presented in RAN3 since RAN1 anyway confirmed it as one possible gNB implementation. 
Proposal3: Identify the split options based on the figure presented in RAN3.
Here, we would like to recap the descriptions of Option6 and Option7 family discussed during Rel-14 SI.
	[bookmark: _Toc478916524]11.1.2.6	Option 6 (MAC-PHY split)
Description: The MAC and upper layers are in the central unit (CU). PHY layer and RF are in the DU. The interface between the CU and DUs carries data, configuration, and scheduling-related information (e.g. MCS, Layer Mapping, Beamforming, Antenna Configuration, resource block allocation, etc.) and measurements.
….
[bookmark: _Toc478916525]11.1.2.7	Option 7 (intra PHY split)
Option 7-1
Description:
In the UL, FFT, CP removal and possibly PRACH filtering functions reside in the DU, the rest of PHY functions reside in the CU.  The details of the meaning of PRACH filtering were not discussed in the study phase.   
In the DL, iFFT and CP addition functions reside in the DU, the rest of PHY functions reside in the CU.
Option 7-2
Description:
In the UL, FFT, CP removal, resource de-mapping and possibly pre-filtering functions reside in the DU, the rest of PHY functions reside in the CU.   The details of the meaning of pre-filtering were not discussed in the study phase.   
In the DL, iFFT, CP addition, resource mapping and precoding functions reside in the DU, the rest of PHY functions reside in the CU.
Option 7-3 (Only for DL)
Description:
Only the encoder resides in the CU, and the rest of PHY functions reside in the DU. 



Based on the above split option descriptions from the Rel-14 study, options (6, 7-1, 7-2 and 7-3) are mapped onto the NR L1 processing chain as in Figure2. However, in the Rel-14 study, the separation of Digital-BF and Precoding was not considered. So, we consider that there could be additional split point somewhere between Option7-1 and Option7-2. This additional split point is shown as Option7-2a in Figure2.


Figure2: L1 function distribution
Proposal4: Capture the Figure2 as possible L1 function distribution in TR38.816. 
The corresponding TP to TR 38.816 is provided in Annex.
3. Conclusion
This paper proposed the text proposals on NR L1 function and its distribution based on the RAN1 feedback. Followings are proposed:
Proposal1: Capture the figure presented in RAN3 as one possible implementation (in purpose of study) noting the non-exhaustive list of disclaimers provided by RAN1 in TR38.816.
Proposal2: Capture the RAN1 feedback on fronthaul bandwidth dependency in TR38.816.
Proposal3: Identify the split options based on the figure presented in RAN3.
[bookmark: _GoBack]Proposal4: Capture the Figure2 as possible L1 function distribution in TR38.816. 
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5. Text proposal
	1. Functionalities and distribution between lls-CU and lls-DU
6. One possible implementation of NR L1 processing chain
One possible implementation of NR L1 processing chain at gNB is illustrated in Figure 4.1-1.


          
Figure 4.1-1 One possible implementation of NR L1 processing chain at gNB for DL (left) and UL (right)
It should be noted that Figure 4.1-1 just illustrates one possible implementation which is considered solely for the purpose of study, and actual implementations are bound to be different. A non-exhaustive list of disclaimers are provided below:
-	Future 3GPP work, including extended focus on new types of services such as mMTC may impact the functionality of the physical layer, including rearrangement of functionality as well as adding new functional blocks;	Comment by 作成者: Copied from RAN1 reply LS.
-	Beam-forming, including the open-loop beam-forming, e.g., precoder cycling, and analog beam-forming, will largely be a specification-transparent functionality that may be implemented at different places within the sequence of transmitter steps.
-	Regarding the receiver processing chain, IDFT block doesn’t exist when CP-OFDM is applied for UL transmission. It should be noted that the uplink waveform can vary per UE, and different PUCCH formats may be transmitted with different waveforms
-	In the UL-L1, the receive path may not be linear as the figure in appendix suggests. It is possible to use iterative reception (such as SIC or Turbo Equalization), where the data might be moved back and forth between 1 or more functional blocks multiple times.
For  the DL, fronthaul bandwidth depends on implementation of Pre-coding and Digital BF. As an example, if DL digital spatial weight is applied only in the Pre-coding block, the numbers of signal dimension are transmission layers and antenna ports before and after the Pre-coding block, respectively. As another example, if DL digital spatial weight is applied in both of the Pre-coding and Digital BF block, the numbers of signal dimension are transmission layers before the Pre-coding and antenna ports after the Digital BF blocks. In this case, the signal dimension between Pre-coding and Digital BF is up to gNB implementation. Similarly, the UL is up to gNB implementation.
6. Functions distribution between lls-CU and lls-DU
Taking the NR L1 processing chain described in section 4.1, potential functional split options are illustrated in Figure 4.2-1.


Figure 4.2-1 Potential functional split options for DL (left) and UL (right)
It should be noted that Figure 4.2-1 only focuses on the data and control channels, and it leaves out reference signals, PRACH, etc.
Option 7-1, Option 7-2, Option 7-3 (DL only) and Option 6 are the same as those which were identified during the Rel-14 NR SI and captured in TR 38.801. Option 7-2a shows a potential new split option when the Digital BF function is considered.
Option 7-1	Comment by 作成者: From TR 38.801
In the UL, FFT and CP removal functions reside in the lls-DU, the rest of PHY functions reside in the lls-CU.
In the DL, iFFT and CP addition functions reside in the lls-DU, the rest of PHY functions reside in the lls-CU.
Option 7-2a
In the UL, FFT, CP removal, Digital BF / Pre-filtering and potentially resource de-mapping functions reside in the lls-DU, the rest of PHY functions reside in the lls-CU.
In the DL, iFFT, CP addition, Digital BF and potentially resource mapping functions reside in the lls-DU, the rest of PHY functions reside in the lls-CU.
Option 7-2	Comment by 作成者: From TR 38.801
In the UL, FFT, CP removal and resource de-mapping functions reside in the lls-DU, the rest of PHY functions reside in the lls-CU.
In the DL, iFFT, CP addition, resource mapping and precoding functions reside in the lls-DU, the rest of PHY functions reside in the lls-CU.
Option 7-3 (Only for DL)
Only the encoder resides in the CU, and the rest of PHY functions reside in the DU. 
Option 6
All of the PHY functions reside in the DU.
   .
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