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Discussion
1  Introduction

For CU-DU lower layer split, RAN3 concluded that “Further study is required to assess on lower layer splits, their feasibility, the selection of options and assess the relative technical benefits, based on NR, before a decision to go to specification phase can be made. Discussions in the Study Item, favoured option 6 and 7 for future study” (TR 38.801 [1]). The continuing study on CU-DU lower layer split should be mainly conducted in RAN3 based on the physical layer design for NR and has been approved in RAN#75 [2], which has followings objectives [2]:
	The study is to be carried out as follows:

Continue to further study on CU-DU lower layer split architecture [starting from June 2017 RAN3 NR Adhoc meeting]
The study should attempt to:
Identify functionalities and their distribution between CU and DU based on NR.

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).
Conclude on the feasibility of defining a standard interface for CU-DU lower layer split.


In this contribution, we examine different intra PHY split sub-options within option 7 family, comparing their PHY performance,fronthaul bandwidth requirements and supported multi-point transmission/receiption functions, and propose a new intra-PHY split option..

2  Discussion

Three intra PHY split options have been included in TR 38.801[1], namely, option 7-1, 7-2 and 7-3 (DL only). In [3], a LTE L1 processing diagram has been proposed to summarize low layer split for option 6, 7 as shown in Figure 1. 

In the ensuing discussion of intra PHY split options, we shall use the same LTE L1 processing diagram proposed in [3] and apply to NR as well, due to following considerations:

DL: NR still employs CP-OFDM waveform and takes the same downlink processing as that of LTE [4]; as important ingredients of NR, digital BF function can be regarded as special case of pre-coding and  analog BF can be regarded as part of antenna and will not have impact on fronthaul bandwidth.

UL: NR employs both CP-OFDM and DFT-S-OFDM while LTE employs DFT-S-OFDM only. However, the same pre-filtering or equalization function can be applied to both NR and LTE uplink, IDFT can be applied as an add-on function if DFT-S-OFDM is used in UL in NR. 
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Figure 1. NR L1 processing diagram and mapping of Option 6 and Option 7 family
Regarding technical benefits of different intra PHY splits, DL and UL have different metric. For DL, fronthaul bandwidth is the major criterion, while for UL, both PHY performance and fronthaul bandwidth need to be assessed carefully. Therefore, we shall first evaluate UL performance for different intra PHY split options, then calculate UL/DL bandwidth requirements for different intra PHY split options. 

For UL, in the 3 sub-options presented in [1], option 7-2 takes the step of moving pre-filtering function into DU and keeping MMSE equalization in CU. While pre-filtering significantly reduces dimension of data over fiber, i.e., from number of RX antennas to number of layers, it also takes performance hit by doing so if it is compared with standard equalization as what is done in CU in option 7-1. Simulation results are presented to demonstrate degradation of pre-filtering in DU followed by MMSE equalization with reduced dimension in CU vs. standard MMSE equalization in DU. In the simulation shown in Figure 2, there are 8 UEs transmitting in the same time-frequency resource in UL, 1 layer from each UE. Standard equalization (labeled “64Rx”) employs all 64RX data to recover 8 user data based on DMRS channel estimation. On the other hand, “PreEqu” reduces 64RX to 8RX data in DU using pre-filter matrix and then conducts equalization in CU to recover 8 user data.   

             [image: image2.emf]
Figure 2. Performance comparison between standard equalization and pre-filtering based equalization

Observation 1: 

In speed less than 3km/Hr, standard MMSE equalization is slightly better than pre-filtering based equalization, as speed increases to 60Km/Hr, standard MMSE equalization shows only moderate performance degradation while pre-filter based equalization degrades steeply even at 30Km/Hr.

As is defined in [5], mobile UEs from 30Km/Hr to 120Km/Hr shall be supported in 3 most common deployment scenarios in eMBB, i.e., dense urban, urban macro and rural. 

Proposal 1: UL intra PHY split shall not sacrifice equalization performance of UE from medium to high mobility.

As such, we propose to add another intra PHY option to the option 7 family due to its performance advantage. The new split further separates standard equalization and IDFT function into 2 function blocks with standard equalization fully residing in DU and IDFT in CU. We temporarily name it option 7-new and the split is shown in Figure 3.

Observation 2: With IDFT residing in CU, symbol level UL COMP is supported. 

Proposal 2: A new UL intra PHY split is proposed such that standard equalization locates inside DU and IDFT locates inside CU.
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Figure 3. NR L1 processing diagram with option 7-new

With added option 7-new, we need to assess fronthaul bandwidth requirements of different low layer splits for both DL and UL. The evaluation shall take the following main assumptions, with more detailed assumptions listed in Annex A.

Carrier bandwidth: 100MHz, 64T64R, DL MIMO Layers 32, UL MIMO Layer 16

Each DL/UL slot has 12 data symbols and 2 DMRS symbols;

Fronthaul bandwidth for MAC information is not considered
Based on the assumptions, fronthaul bandwidth requirements for different low layer split options are calculated and listed in Table 1. It is worth illustrating the UL bandwidth calculation of Option 7-2 and Option 7-New as follows: 

Option 7-2

UL: #ofRE*#ofStream*#ofSlotSymbol*BitWidth*2/SlotDuration=3264*16*14*10*2/0.0005=29.25Gbps

DL: #ofRE*#ofDLStream*#ofDataSymbol*BitWidth*2/SlotDuration=3264*32*12*8*2/0.0005=40.01Gbps

Option 7-New:

UL: #ofRE*#ofULStream*#ofDataSymbol*BitWidth*2/SlotDuration=3264*16*12*10*2/0.0005=25.07Gbps

DL: #ofRE*#ofDLStream*#ofDataSymbol*QamBit/SlotDuration=3264*32*12*8/0.0005=20.05Gbps

Option7-2 requires 2 DMRS symbols to perform equalization in CU, but option 7-new does not. So DU shall pass 14 data symbols to CU in option 7-2 scheme, instead 12 data symbol in option 7-new scheme.
It is evident that Option 7-New has the lowest fronthaul BW requirement among all intra PHY options. Option 6 has even lower fronthaul BW requirement, however, this option doesn’t support UL CoMP operations. 

Table 1 Fronthaul bandwidth vs. low layer split options
	Low Layer Split Options
	FrontHaul BW (Gbps)

	
	DL
	UL

	Option 6
	17.83 
	8.91 

	Option 7-1
	116.98 
	116.98 

	Option 7-2
	40.11 
	29.25 

	Option 7-3
	20.05 
	NA

	Option 7-New
	20.05 
	25.07 

	Option 8
	157.29 
	157.29 


Observations 3: Option 7-New poses lowest fronthaul BW requirement among all intra PHY options.

We also compare supported CoMP features for different intra PHY splits and the results are tabulated below. As is shown in Table 2, Option 7-New supports the same set of CoMP functions as Option 7-1 and Option 7-2 with significantly reduced bandwidth.



Table 2 Supported CoMP functions vs. low layer split options
	　
	Option7-1
	Option7-2 
	Option 7-New
	Option 7-3

	DL CoMP CS/CB
	Y
	Y
	Y
	Y

	DL CoMP JT
	Y
	Y
	Y
	Y

	UL CoMP CS/CB
	Y
	Y
	Y
	NA

	UL CoMP JR
	Y
	Y
	Y
	NA


Observations 4: Option 7-New supports the same set of CoMP functions as Option 7-1 and Option 7-2 with significantly reduced bandwidth. .

Conclusions and proposals

This contribution (1) analyzes PHY performance of standard MMSE equalization with pre-filtering based equalization; (2) compares fronthaul BW requirements among low layer split option 6, 7-1, 7-2, 7-3; (3) proposes option 7-New and conclude option 7-New is optimal in terms of performance and fronthaul BW while without losing supporting advanced receiver features such as CoMP. 
Observation 1: 

In speed less than 3km/Hr, standard MMSE equalization is slightly better than pre-filtering based equalization, as speed increases to 60Km/Hr, standard MMSE equalization shows only moderate performance degradation while pre-filter based equalization degrades steeply even at 30Km/Hr.

Proposal 1: UL intra PHY split shall not sacrifice equalization performance of UE from medium to high mobility.

Observation 2: With IDFT residing in CU, Symbol level UL COMP is supported. 

Proposal 2: A new UL intra PHY split is proposed such that a standard equalization locates inside DU and IDFT locates inside CU.

Observations 3: Option 7-New poses lowest fronthaul BW requirement among all intra PHY options..

Observations 4: Option 7-New supports the same set of CoMP functions as Option 7-1 and Option 7-2 with significantly reduced bandwidth. .

Annex A: Assumptions for required bandwidth

Table A-1 Assumptions for required bandwidth
	Items
	Assumption
	Applicability

	Channel Bandwidth
	100MHz(DL/UL)
	All options

	Subcarrier Spacing
	30KHz
	

	Number of REs
	3264
	

	Slot Symbol/Duration
	14/0.5ms
	

	Modulation
	256QAM(DL/UL)
	

	Number of MIMO layers
	(DL 32/UL 16)
	

	IQ bitwidth
	[2*(10)bit(DL),2*(10)bit(UL)]
[2*(8)bit(DL),2*(10)bit(UL)]
[NA (DL), NA (UL)]
[NA (DL), 2*(10)bit(UL)]
	Option 7-1

Option 7-2

Option 7-3

Option 7-New

	
	[NA (DL), NA (UL)]
	Option 6

	Number of  antenna  port
	[64(DL/UL)]
	Option 7-1

Option 7-2

Option 7-3

Option 7-New
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