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1． Introduction
CU-DU function split had further discussion and the corresponding TP was added to TR38.801. In this contribution, we will continue to discuss and analyze intra-PHY option, i.e.option7.
2． Discussion
According to TR38.801, the sub-options for intra-PHY CU-DU function split are captured as below:
Option 7-1

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 are FFS.   

In the DL, iFFT and CP addition functions reside in the DU, the rest of PHY functions reside in the CU.

Option 7-2

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 are FFS.   

In the DL, iFFT, CP addition, resource mapping and precoding functions reside in the DU, the rest of PHY functions reside in the CU.

Based on PHY function and processing modules, there are multiple function split options of intra-PHY. Besides option7-1 and option7-2 which have been included in TR38.801 , there also have other sub-options of intra-PHY ,such as option7-3 and option 7-4. Option7-3 and option7-4 can reduce CU-DU transport capacity, menwhile, option7-3 and option7-4 can also implement part of coordination, such as TB combination based ACK/NACK, CS/CB, etc.
Opion7-3
In the UL, FFT, CP removal, resource de-mapping and channel estimation/equalization functions reside in the DU, the rest of PHY functions reside in the CU.   

In the DL, iFFT, CP addition, resource mapping, pre-coding and layer mapping functions reside in the DU, the rest of PHY functions reside in the CU.

Opion7-4
In the UL, FFT, CP removal, resource de-mapping, channel estimation/equalization and IDFT/ de-modulation functions reside in the DU, the rest of PHY functions reside in the CU.   

In the DL, iFFT, CP addition, resource mapping, precoding, layer mapping and modulation functions reside in the DU, the rest of PHY functions reside in the CU.
The PHY layer processing structure diagram with above possible split options of intra-PHY is shown in Figure1:
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Figure 2.1: PHY functions and split options of intra-PHY
Proposal 1: The function split options of intra-PHY are variants, besides Option7-1 and Option7-2, Option7-3 and Option 7-4 are also valid with benefits.  All sub-options need to be taken into account and evaluated for Option7.
As to option7-1 and option 7-2, we can evaluate the UL and DL required bit rate on a transmission link separately. As to option7-1, both the DL and UL required bit rate are relative to system frequency width and antenna number. The result is shown in Table 2.1:
	Number of Antenna Ports
	Frequency System Bandwidth

	
	10 MHz
	20 MHz
	200 MHz
	1GHz

	2
	0.55 Gbps
	1.1 Gbps
	11 Gbps
	54Gbps

	8
	2.2 Gbps
	4.3 Gbps
	43 Gbps
	215Gbps

	64
	17.2 Gbps
	34.4 Gbps
	344 Gbps
	1720 Gbps

	256
	69Gbps
	138 Gbps
	1376 Gbps
	6881 Gbps


Table 2.1: The required bitrate on a transmission link for Option7-1
As to option7-2, the DL required bit rate are relative to system frequency width, resource utilization ratio and layer number.   We take 1G system frequency width, 8 layers [1] and various resource utilization ratio as example, and the result of DL required bitrate is listed in Table 2.2:
[Note 1] In Downlink, layer number depending on  UE antenna number, channel matrix rank and UE capability and etc. consider the UE antenna number and implement complexity, we take 8 layer as a classic example.
	Resource utilization ratio
	30%
	50%
	70%
	100%

	DL Transport capacity requirement
	65Gbps
	108Gbps
	151Gbps
	215Gbps


Table 2.2: The DL required bitrate on a transmission link for Option7-2
As to option7-2, the UL required bit rate is relative to system frequency width, resource utilization ratio and antenna numbers.  We take 1G system frequency width, 256 antennas and various resource utilization ratio as example, and the result of UL required bitrate is shown in Table 2.3 :
	Resource utilization ratio
	30%
	50%
	70%
	100%

	UL Transport capacity requirement
	2064Gbps
	3440Gbps
	4817Gbps
	6881Gbps


Table 2.3: The UL required bitrate on a transmission link for Option7-2
From table 2.2, we can see that the DL required bit rate is reduced significantly compared to option7-1,due to the decoupling between DL bitrate and antenna number. From table 2.3,we can see that the UL required bit rate is reduced slightly compared to option7-1 when resource utilization ratio is not100% ,because the UL required bit rate is still relative to antenna number, if lager scale antenna is used in NR system, the UL required bit rate between CU and DU will be tremendous.
CU-DU required bitrate is selected as the bigger one of  DL required bitrate or UL required bitrate, so we can get the observation as follow:
Observation 1：Regardless option7-1 or option7-2，the bitrate requirement between CU and DU is high, which still requires strict transport capability between CU and DU.  
On the other hand, it also requires critical transport latency between CU and DU. As described in Annex, the latency requirement between CU and DU with option7 is less than 250us.
Observation 2: Considering CU-DU option of intra-PHY, it still needs a very high requirement on transport capability, which will increase the cost on transport deployment.
Proposal 2: Option7 still requires strict transport capability between CU and DU, which will increase the cost on transport deployment.
The benefits and justification of intra-PHY optionwas described in TR38.801 as below：
Benefits and Justification for Option 7-1 and 7-2:
-
Compared to Option 8 this option is expected to reduce the fronthaul requirements in terms of throughput [details are FFS].

-
It is expected to be able to maintain the ability to perform joint processing (both transmit and receive) across multiple TPs

-
Compared to higher splits (i.e. options 1-4) the option has the advantage of supporting centralized scheduling, e.g. CoMP

-
Option 7-1 allows the implementation of advanced receivers  
Considering that the large scale antenna array and beamforming algorithm will be widely used, it is expected that the beam width is narrow and the beam can track target UE accurately. That is to say different UE may be in the coverage of different beams belong to different DU with high space isolation. Thus, the interference occurred between cells with same frequency is small. As regard to inter-cell coordination and performance gain when part of PHY functions reside in CU, we think that the necessity of interference coordination will be greatly lowered and the wireless performance gain seems negligible, or the simulation results to show the gain is needed. Further research on the performance gain of inter cell coordination in NR system is required. 
Proposal 3: The performance gain of inter cell coordination in NR system needs to be verified.
3． Conclusion and proposal
RAN3 is kindly asked to adopt the proposals listed as follows:
Observation 1：Regardless option7-1 or option7-2，the bitrate requirement between CU and DU is high, which still requires strict transport capability between CU and DU.  
Observation 2: Considering CU-DU option of intra-PHY, it still needs a very high requirement on transport capability, which will increase the cost on transport deployment.
Proposal 1: The function split options of intra-PHY are variants, besides Option7-1 and Option7-2, Option7-3 and Option 7-4 are also valid with benefits.  All sub-options need to be taken into account and evaluated for Option7.

Proposal 2: Option7 still requires strict transport capability between CU and DU, which will increase the cost on transport deployment.
Proposal 3: The performance gain of inter cell coordination in NR system needs to be verified.
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