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1  Discussion
The latest draft of the RAN3 TR 38.801 [1] captures 8 functional split options in Annex B. In particular, including “split PHY” option (high PHY and low PHY) , however there are no details describing either of these options.
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In this contribution we propose consider two PHY function split options in order to have a comprehensive overview of all options available. Moreover, we provide more detailed description of both proposed options, which will be beneficial in the RAN3 study.
2  Discussion

PHY function split 
PHY processing pipeline described as below taking 4G as reference. PHY processing include several stages. In uplink, iFFT and CP removing, resource de-mapping, UL channel combine/filtering (for massive MIMO to compress the uplink data if compression needed for massive MIMO uplink), channel estimation and MIMO equalization, IDFT and demodulation, as well as bit processing include channel decoder, rate-dematching, interleaver. de-scrambler. For downlink, the bit processing (include encoder, rate matching, interleaver, scrambler), the modulation stage, layer mapping, precoding, resource mapping, FFT and adding CP.

There are 4 PHY internal split options discussed in NGMN [3], which are illustrated in the figure below.
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I. The interface between bit processing and modulation, the bit processing in CU, and rest of the PHY function in RU
II. The interface between resource mapping and MIMO(UL) and Precoder (DL), the bit processing, modulation, precoding in CU for downlink, the bit processing, demodulation, iDFT, MIMO/CE in CU; the resourcing mapping/de-mapping, iFFT/FFT in RU.
III. The interface between resource mapping and FFT, FFT/iFFT function in RU, the rest in CU.

IV. The I/Q interface or compressed I/Q interface, same as CPRI or adding I/Q compression.
To support massive antennas, although hybrid antenna may be used to reduce the independent RF and digital chain, but in order to have good performance, the number of independent RF/digital chain may still be relative large, data compression will be needed to support many antennas in both low and high band in order to reduce cost, power and form factor.
PHY function split will need high throughput and low latency fronthaul since the PHY function is in HARQ loop, and the throughput is relative high.
With high performance fronthaul, the options should be explored which more centralization benefits, such as centralizing more functions, better support cooperation and resource sharing etc. Option I from NGNM will not be able to support cooperation among different RUs in physical layer. Option IV is same as the TR’s option 8, so we suggest Option II and III should be explored more for PHY function split with high throughput fronthaul support.

With massive antennas introduced in 5G, part of the antenna related functions should be kept within RU in order to avoid very high throughput. Option 7-1 and option 7-2 proposed as two PHY function split interface options with massive MIMO or Beamforming support. Option 7-1 is same as the III from NGMN [3]. On option 7-2, its downlink is same as option II, and adding channel combing/filtering in uplink for massive MIMO which support MIMO/CE processing in CU, rather than in RU.
Figure x.1 PHY function split options
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Option 7-1: 

The data at option 6-1 is frequency domain data where the guard band and CP data could be removed. FFT/iFFT functions and PRACH filter are in distributed unit, and rest PHY and upper layer functions are in central unit, there are two ways to reduce traffic throughout, one is by removing the guard band data and CP data, the other is frequency domain compression. 
The peak throughput with simple resource block selection, removing CP and A/U law compression could be reduced by 4x times, and research paper also showed in system level when considering actual load, modulation, there could be ways to reduce the fronthaul traffic by 10x[5].

Option 7-2:
The data at option 7-2 is proportional to user stream data and agnostic to antenna numbers. On DL, the precoding function, resource mapping and iFFT are in remote unit. On UL, the FFT, resource de-mapping, and UL channel combining/filtering are in remote unit. The DL precoding function for data and control channel could be different. The UL channel combing/filter for data and control channel could be different. The combing and filtering method and parameter are controlled by central unit, its function is to compress the data stream dimension from number of antennas to user streams, it could be simple antenna data combining, or MRC filter, or ZF filter based on sounding channel estimation result or other method. After combing/filter, the minimum data stream dimension is same as number of user stream, thus the CE and MIMO equalization dimension become same of user stream number and agnostic to antenna number. 
With this split, DL can user sounding estimation result to generate precoding and UL can use sounding estimation result to generate pre-filter, it could be effectively compress the data from antenna dimension to user stream dimension, further reduce the throughput from Option 7-1. 
Proposal 1: to capture the above two PHY function split options as additional candidate options in TR 38.801 [1].
Text proposal for TR 38.801 [1] is provided below.
3  Conclusions and proposals
Based on the discussion above, we propose:

Proposal 1: to capture the above two PHY function split options as additional candidate options in TR 38.801 [1].
4. Text proposal for TR 38.801
--------------------------------------------Start of text proposal---------------------------------------------
6.1.2
Functional split between central and distributed unit

6.1.2.1
General description of split options
In the study item for a new radio access technology, 3GPP is expected to study different functional splits between central and distributed units. LTE protocol stack is taken as a basis for further discussion, with the understanding that the conclusions may need to be revisited, once RAN2 defines the protocol stack for new RAT. The following functional splits between central and distributed unit are possible, as illustrated in Figure 6.1.2.1-1.
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Figure 6.1.2.1-1: Function Split between central and distributed unit

Option 1 (1A-like split)
-
The function split in this option is similar as 1A architecture in DC. RRC is in the central unit. PDCP, RLC, MAC, physical layer and RF are in the distributed unit.

Option 2 (3C-like split)
-
The function split in this option is similar as 3C architecture in DC. RRC, PDCP are in the central unit. RLC, MAC, physical layer and RF are in the distributed unit.

Option 3 (intra RLC split)
-
Low RLC (partial function of RLC), MAC, physical layer and RF are in distributed unit. PDCP and high RLC (the other partial function of RLC) are in the central unit.

Option 4 (RLC-MAC split)
-
MAC, physical layer and RF are in distributed unit. PDCP and RLC are in the central unit.

Option 5 (intra MAC split)
-
RF, physical layer and some part the MAC layer (e.g. HARQ) are in the distributed unit. Upper layer is in the central unit.

Option 6 (MAC-PHY split)
-
Physical layer and RF are in the distributed unit. Upper layers are in the central unit.

Option 7 (intra PHY split)
-
Part of physical layer function and RF are in the distributed unit. Upper layers are in the central unit.

Option 7-1 

The data at option 7-1 is frequency domain data where the guard band and CP data could be removed. FFT/iFFT functions and PRACH filter are in distributed unit, and rest PHY and upper layer functions are in central unit, there are two ways to reduce traffic throughout, one is by removing the guard band data and CP data, the other is frequency domain compression. 

Option 7-2

The data at option 7-2 is proportional to user stream data and agnostic to antenna numbers. On DL, the precoding function, resource mapping and FFT are in remote unit. On UL, the iFFT, resource de-mapping, and UL channel combining/filtering are in remote unit. The DL precoding function for data and control channel could be different. The UL channel combing/filter for data and control channel could be different. The combing and filtering method and parameter are controlled by central unit, its function is to compress the data stream dimension from number of antennas to user streams, it could be simple antenna data combining, or MRC filter, or ZF filter based on sounding channel estimation result or other method. After combing/filter, the minimum data stream dimension is same as number of user stream, thus the CE and MIMO equalization dimension become same of user stream number and agnostic to antenna number. 

Option 8 (PHY-RF split)
-
RF functionality is in the distributed unit and upper layer are in the central unit.

Editor’s note: The options represented consist of a non-exhaustive list. The work in other working groups on protocols and functions definition shall be monitored and further split options based on such progress shall be added or removed if needed.

Flexible functional split
Some of the benefits of a NR architecture with the flexibility to split and move functions between central and distributed units are below:

-
Flexible HW implementations allows scalable cost effective solutions

-
A split architecture (between central and distributed units) allows for coordination for performance features, load management, real-time performance optimization, and enables NFV/SDN

-
Configurable functional splits enables adaptation to various use cases, such as variable latency on transport

The NR design should support the flexibility to move RAN functions between the central unit and distributed unit, and should be studied.
-----------------------------------------------End of text proposal-------------------------------------------
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