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1 Introduction

RAN3 is expected to study different functional splits between central and distributed units. The transport network requirement of different functional split options should be evaluated simultaneously. In this document, we analysis functional split option 2, option 5, option 6 and option 7 of figure 1, captured in [1], and provide transport requirements for CU&DU functional splits options. 
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Figure 1: Function Split between central and distributed unit
2 Discussion 
Transport network requirements shall include bandwidth and latency. The evaluation for bandwidth and latency can be based on some assumptions, such as number of antennas, number of ports etc. The calculation methods for each functional split option is worthy of reference.
For option 1, the transmission data and signalling include RRC signalling and UP data. Compared with UP data, RRC signalling can be ignored. The UP data have reached some consensus. In conclusion, it is unnecessary to consider the transport requirement of option 1. As for RLC is tightly coupled with MAC, split option 3 is controversial and will not analysis in this document. In option 4, MAC has no clear functional split, the functions of high MAC and low MAC is FFS, so the transport requirements of option 4 is FFS.
Bandwidth and latency of option 2 
Bandwidth
For 5G, the following assumptions are considered as baseline: bandwidth is 100MHz; number of antennas is 128; modulation order is 64QAM for UL and 256QAM for DL in full load; the peak rate for UL and DL are 3Gb/s and 4Gb/s; the maxmum number of UEs is 1000.
The transmission bandwidth of UL data/signalling is closely related to the number of UEs who reports UL request and the content of report pakets. Based on the basic assumptions, 10 percents of UEs report UL requests, and the average content size is 30Bytes. The bandwidth is caculated as Nue*persents*size*8=24Mb/s.
The transmission bandwidth of DL data/signalling is related to the number of perselected UEs and bearers of those UEs. Based on the basic assumptions, 10 percents of UEs receive DL data/ signalling and one bearers for each UE, the average content size is 20Bytes. The bandwidth is caculated as Nue*persents*size*8=16 Mb/s.
Therefore, the bandwidth of functional spilt between PDCP/RLC is 3024 Mb/s for UL and 4016Mb/s for DL.
Observation 1: Bandwidth of functional spilt between PDCP/RLC is 3024 Mb/s for UL and 4016Mb/s for DL.
Latency
The maximum end to end transmisstion latency of functional split between PDCP/RLC is not limited by HARQ, and this functional split option tolerates high latency with buffers existed. Based on the latency of end to end service, the latency requirement for interface between NR eNB and CN could satisfy the latency requirement of fronthaul between PDCP/RLC. Based on preliminary evaluation, latency for such functional split option is approximately equal to the 10ms.
Observation 2: Maximum end to end transmisstion latency of functional spilt between PDCP/RLC is 10ms.
Bandwidth and latency of option 5
Bandwidth
Compared with functional splits between PDCP and RLC, split between MAC and PHY should take into acount of additional overhead, which may require additional bandwidth. The schedule fucntion of PHY is located at CU. In such a structure, schedule signalling associated to PHY bring additional bandwidth overhead. 
DL data/signalling include DL data from MAC to DL-PHY, and schedule/control signalling to DL-PHY and UL-PHY；UL data/signalling include UL data from UL-PHY to MAC, and UL-PHY response to schedule. Sum bandwidth of all data/signalling of UL and DL respectively, the UL data/signalling include PUSCH , CQI, PUCCH/SRS control signalling, correspondingly, the DL data/signalling include PDSCH, PDCCH, PHICH, request for PUSCH，request for PUCCH, request for SRS reception. Based on the following 4G assumptions: bandwidth is 20M, UL rate is36Mb/s, DL rate is 40Mb/s,TRS OH is 30Bytes, UL bandwidth iscalculated: 98Mb/s, DL bandwidth is calculated:  184Mb/s. 
Time for schedule is limited to 1ms, so transmission time for data/control pakets should be shorter than 1ms. As a result, bandwidth requirment should increase correspondingly. Assumme the transmission time is 250us-500us, the bandwidth for peak rate is 392-196 Mb/s for UL and 736-368Mb/s for DL.
Compared with 4G, bandwidth for 5G increases 5times, number of DL stream increases 4 times, number of UL stream increases 8 times. The modulation mode is effect bandwidth requirement; the gain is 4/3 for DL and 3/2 for UL. The rough estimation DL bandwidth for 5G is 184*5*4*4/3=4096.7 Mb/s, and UL bandwidth is 98*5*8*3/2=5880Mb/s.
Observation 3: Bandwidth of functional spilt betweenMAC/PHY is 5880 Mb/s for UL and 4096.7Mb/s for DL.
Latency
The timing requirement of signalling and data under functional splits between MAC and PHY is strict. HARQ process is at most 4ms. Removing the process delay of PHY and RRH, HARQ for scheduling, time for transmission from RRH to UE, the time left for transmission from CUto DU is approximatelyhundreds microseconds. With the consideration and analysis of multiple vendors equipments specifications,and implementation approach comprehensively, the calculated maximum end to end latency is 250us. That is the maximum end to end latency for functional split between MAC and PHY. If the timing process of RLC is implemented in cloud, processing delay will be short than the CU recenly. Therefore, maximum end to end latency is loosen up to more than 250us. 
Observation 4: Maximum end to end transmisstion latency for functional spilt between MAC/PHY is 250us.
Bandwidth and latency of option 6
Option 6 may include two split patterns, named option 6a and 6b.
In this functional split option 6a:
-For DL, splits PHY between layer mapping and precoding;
-For UL, split between pre-filtering and channel estimation/MIMO equalization. 
In this functional split option 6b:
- UL FFT/remove CP and PRACH filtering, DL IFFT/add CP are finished in DU. 
- Processes related to physical layer digital dimension port are accomplished in CU. 
Bandwidth and latency of option 6a
Bandwidth
Based on the assumption for 4G, DL sample bit bandwidth is 7 bits, and UL sample bit bandwidth is 10 bits; the number of port is 2; number of layers is 2for UL and DL. 
DL bandwidth include PDCCH, PDSCH and MAC information. As for, PDCCH and PDSCH, the bandwidth is caculated as Nsc*Nsymb*Nstream*Nsample*Nport*1000. MAC information includes RB assignment information,DL antenna configuration, DL beamforming factor and so on. All the MAC informantion need about 9M for DL and 2.4 M for UL. In conclusion, the total bandwidth of DL is 479Mb/s and 666Mb/s for UL.
For 5G, the bandwidth increase to 100M, and TTI is 0.2ms as a reference. In addition, he number of antennas is 64, and number of layers is 8 for UL and DL. With those assumption above, the bandwidth for data transmission increase 40 times for UL, and 20 times for DL. MAC information in 5G assumption is 713.9M for DL , and 120M for UL. So, the total bandwidth of 5G for DL is 9.8Gb/s and 15.2Gb/s for UL. 
Observation 5: Bandwidth of symbol-level functional split is 15.2Gb/s for UL and 9.8Gb/s for DL.
lantency
As HARQ process is at most 4ms, and if air interface latency is removed, time left for process latency and transmission between DU and CU. The process latency includes CU process latency, DU latency and transmission time between DU and CU. With the consideration and analysis of multiple vendors equipments specifications, and implementation approach comprehensively, the calculated maximum end to end latency is 250us. To keep enough time for processes, the maximum end to end latency should be limited to 250us. 
Observation 6: Maximum end to end transmisstion latency of symbol-level functional split is 250us.
Bandwidth and latency of option 6b
Bandwidth
For 4G, the following assumptions are considered as baseline: DL sample bit bandwidth is 7 bits, and UL sample bit bandwidth is 10 bits; the number of port is 2; number of layers is 2for UL and DL. 
DL bandwidth include PDCCH, PDSCH and MAC information. As for, PDCCH and PDSCH, the bandwidth is caculated as Nsc*Nsymb*Nprecoding*Nsample*Nport*1000. MAC information includes RB assignment information, DL antenna configuration, DL beamforming factor and so on. All the MAC informantion need about 1.856M for DL and 1.6 M for UL. In conclusion, the total bandwidth of DL is 472Mb/s and 3017Mb/s for UL.
For 5G, the following assumptions are considered as baseline: the bandwidth increases to 100M, and TTI is 0.2ms as a reference. In addition, he number of antennas is 128, and number of layers is 32 for UL and 8 for DL. With those assumption above, the bandwidth for data transmission increase 160 times for UL, and 20 times for DL. MAC information in 5G assumption is 121M for DL , and 80M for UL. So, the total bandwidth of 5G for DL is 9.2Gb/s and 60.4 Gb/s for UL. 
Observation7: Bandwidth of time/frequency domain Symbol-level functional spilt is 60.4Gb/s for UL and 9.2Gb/s for DL.
Latency
The analysis is similar to the one in section 2.3.1.2.
Observation 8: Maximum end to end transmisstion latency of time/frequency domain Symbol-level functional spilt is 250us.
Bandwidth and latency of option 7
Bandwidth
For 5G massive MIMO scenario, the transmission bandwidth inceases shapely. Based on the fundmantal assumption of 5G, number of simulation antennas is equal to the number of digital antenna ports, bits width is 32, sample rate is 30.72M/s, number of RRU antennas digital ports is 32. The bandwidth of UL is Rate*Width*port*5 =157.3 Gb/s, and bandwidth of DL is Rate*Width*port*5 =157.3Gb/s. 
In this functional split option, data transmission between PHY and RF is serial time domain data. The transmisstion time is included in HARQ process, we should not consider finish conversion between serial and parallel in a interval, which will avoid additional bandwidth overhead.
Observation 9: Bandwidth of functional spilt between PHY/RF is 157.3 Gb/s for UL and 157.3Gb/s for DL.
Latency
From the perspective of wireless requirement, fronthaul should avoid to bring effects to functions and performance of existing devices. With the consideration and analysis of multiple vendors equipments specifications, and implementation approach comprehensively, latency of functional split option between PHY and RF is 250us. 
Observation 10: Maximum end to end transmisstion latency of functional spilt between PHY/RF is 250us.
3 Conclusion
In this section, we summarize the transport requirements of some functional split options, the requirements include UL/DL bandwidth and latency with the following observations. 
Observation 1: Bandwidth of functional spilt between PDCP/RLC is 3024 Mb/s for UL and 4016Mb/s for DL.
Observation 2: Maximum end to end transmisstion latency of functional spilt between PDCP/RLC is 10ms.
Observation 3: Bandwidth of functional spilt betweenMAC/PHY is 5880 Mb/s for UL and 4096.7Mb/s for DL.
Observation 4: Maximum end to end transmisstion latency for functional spilt between MAC/PHY is 250us.
Observation 5: Bandwidth of symbol-level functional split is 15.2Gb/s for UL and 9.8Gb/s for DL.
Observation 6: Maximum end to end transmisstion latency of symbol-level functional split is 250us.
Observation7: Bandwidth of time/frequency domain Symbol-level functional spilt is 60.4Gb/s for UL and 9.2Gb/s for DL.
Observation 8: Maximum end to end transmisstion latency of time/frequency domain Symbol-level functional spilt is 250us.
Observation 9: Bandwidth of functional spilt between PHY/RF is 157.3 Gb/s for UL and 157.3Gb/s for DL.
Observation 10: Maximum end to end transmisstion latency of functional spilt between PHY/RF is 250us.
The paper proposes to capture the following table in the TR 38.801

	
	Option 2
	Option 5
	Option 6a
	Option 6b
	Option 7

	Bandwidth UL
	3024 Mb/s
	5880 Mb/s
	15.2Gb/s
	60.4Gb/s
	157.3 Gb/s

	Bandwidth DL
	4016Mb/s
	4096.7Mb/s
	9.8Gb/s
	9.2Gb/s
	157.3 Gb/s

	Latency
	10ms
	250us
	250us
	250us
	250us


Table 1: Transport requirements of some functional split options 
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