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1. Introduction
In the Rel-14 NR SI, RAN3 discussed the CU-DU lower layer functional split based on LTE [1]. The new SI on lower layer split aims to continue the discussion further with following objectives [2].
	The study is to be carried out as follows:

1. Continue to further study on CU-DU lower layer split architecture [starting from June 2017 RAN3 NR Adhoc meeting]
2. The study should attempt to:
a) Identify functionalities and their distribution between CU and DU based on NR.
b) Develop the evaluation criteria and compare among potential options potentially to down select the CU-DU lower layer split options to consider for further study, where the down selection should target to select  option(s) from Option 6, Option 7 families (as captured in TR 38.801 [3]) for the downlink and the uplink (different Options may be selected for downlink and uplink).
c) Conclude on the feasibility of defining a standard interface for CU-DU lower layer split.


As a first exercise, this paper proposes the baseline NR L1 processing diagram for RAN3 to work on. 
2. Discussion
During the Rel-14 NR SI, the discussion was done based on LTE and several papers illustrated the figures [3-5]. Based on the figure in TS36.211 and the figures in [3-5], following figure summarizes the LTE L1 processing diagram and the mapping of Option6 and Option7 family. 
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Figure1: LTE L1 processing diagram and mapping of Option 6 and Option 7 family
For further study on lower layer split, we should adapt our study to NR L1. For NR, since the main point in NR compared with LTE is beamforming, the corresponding function block needs to be added. As beamforming scheme, RAN1 has been investigating analog/digital/hybrid beam forming, and it would be desirable to cover those schemes in RAN3 study. Figure 2 is the possible NR L1 processing diagram for NR where the changes from Figure1 are highlighted in yellow. 
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Figure2. Possible NR L1 processing diagram for Sub6GHz (left-hand side) and 28GHz (right-hand side)

Since the assumed beam forming could depend on the operating frequency band, the two figures are described separately. Specifically, for sub-6GHz, digital beamforming is assumed (left-hand side) and for 28GHz, analog beam forming is assumed (right-hand side) instead. Regarding Digital BF, the motivation to introduce such 2-stage beamforming (distributing beamforming function over “Precoding” and “Digital BF”) is to allow the flexible NW implementation. For example, the different beamforming schemes can be easily applied at the same time by using 2 step beamforming, such as codebook based Precoding and reciprocity based Digital BF. One point which needs to be considered is the placement of Digital BF. In figure2, Digital BF function is placed between RE (de-)mapping and IFFT/FFT function due to the scalability and flexibility. For example, the number of streams does not affect to the number of streams output by Digital BF and various MIMO schemes (e.g., MU-MIMO SU-MIMO) can be supported without impact on the Digital BF function. Although this figure should be confirmed by RAN1, RAN3 should have baseline figure of NR L1 function block for its further study until RAN1 provides feedback. Therefore, it is proposed to take the above figure as a baseline of NR L1 function block diagram for further study in RAN3 and send LS to RAN1 to ask feedback on the figure. 
Proposa1: Take Figure2 as a baseline of NR L1 processing diagram for study in RAN3.

Proposa2: Send LS to RAN1 to ask feedback on the figure.
If the above is agreeable, we can consider the additional split option. By adding the digital BF function after RE mapping, we may have an additional possible split point between RE (de-)mapping and digital BF. With this split, the dimension of the fronthaul transport BW is still dependent on the number of beam streams (and not dependent on the number of TRXs), while precoding (DL) and channel estimation / prefiltering (UL) reside in the CU. In the case where the number of streams to be input and output of Precoding is same, the number beam streams at this split point will just be the number of MIMO layer streams. Therefore, this split can be considered as a variant of Option 7-2, and we propose to name it Option 7-2a.
Proposal3: Add Option7-2a which splits CU-DU between RE (de-)mapping and digital BF.
The corresponding CR to TR38.801 and draft LS to RAN1 are provided in [6][7] respectively.
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Figure3. Split option mapping on possible L1 processing diagram 
(left-hand side: Sub6GHz, right-hand side:28GHz)
3. Conclusion
This paper addresses the NR L1 function block based on which RAN3 has study further on LLS. Followings are the proposals:
Proposa1: Take Figure2 as a baseline of NR L1 processing diagram for study in RAN3.

Proposa2: Send LS to RAN1 to ask feedback on the figure.
Proposal3: Add Option7-2a which splits CU-DU between RE (de-)mapping and digital BF.
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