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1. Introduction
In the Rel-14 NR SI, RAN3 discussed the CU-DU lower layer functional split and the conclusion was to postpone the study as following [1]:

	Lower Layer Split

The study on lower layer split RAN architectures is not completed and postponed.

Further study is required to assess on low 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, favored option 6 and 7 for future study.


The new SI on lower layer split aims to continue the discussion further with the 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.


This paper develops the evaluation criteria and comparison of split points for lower layer split. 

2. Discussion
2.1. Evaluation criteria
During the Rel-14 SI, RAN3 captured the characteristics of different CU-DU split options in TR38.801 section11.1.2.9 see annex) and also captured the following for LLS in 11.1.3.1:
	11.1.3.1
Number of split options to be specified and supported by open interface
There are transport networks with performances that vary from high transport latency to low transport latency in the real deployment. 3GPP specifications should try to cater for these types of transport networks. For transport network with higher transport latency, higher layer splits may be applicable. For transport network with lower transport latency, lower layer splits can also be applicable and preferable to realize enhanced performance (e.g. centralized scheduling). Thus, preferable option would be different between different types of transport networks (ranging from lower layer split for transport networks with lower transport latency to higher layer split for transport networks with higher transport latency). Furthermore, within lower layer split discussion, there are both demands to reduce transport bandwidth and demands to support efficient scheduling and advanced receivers.
The Option 8 has been available in today deployment based on a de facto standard from a forum other than 3GPP, 3GPP should not attempt to specify this option 8.


In Rel-14 SI, although [3] tried to provide a comparative analysis of the different CU-DU split options identified, there was no conclusion on evaluation criteria to compare the split options. Based on the characteristics captured in TR38.801 section11.1.2.9 and proposed comparison table in [3], we provide the possible evaluation criteria for lower layer split. 
Fronthaul bandwidth

Currently, in [1], the example values of required fronthaul bandwidth are captured for a particular scenario, which need to be updated to adapt to the parameters to be representative of NR including the control information. Also, qualitative criteria in terms of the impacts on the dimensioning of fronthaul bandwidth would be illustrative. One such example is whether the fronthaul bandwidth scales with the number of MIMO layers, beam streams or antennae.. Another example is whether the the fronthaul bandwidth is traffic dependent or not. Specifically, for option6 and 7-3, 7-2, the required fronthaul can be change depending on the actual traffic going through the fronthaul and then the required fronthaul bandwidth could be reduced in cases where statistical multiplexing of fronthaul can be applied. 
Performance:
In [3], as performance aspects, ARQ, multi-cell frequency coordination and UL advanced receiver were proposed. From LLS perspective, it is quite obvious that there are no difference between Option 6 and 7 on ARQ. Therefore, the main point is Multi-cell/freq. coordination and UL advanced receiver aspect. 
Fronthaul interface complexity:
Less complexity on the fronthaul interface is desirable both from the viewpoint of specification complexity and achieving good inter-operability in multi-vendor deployments. While the details of fronthaul complexity need to be investigated further, we can consider fronthaul interface complexity as one of the evaluation criteria.  
DU impact:
Less functions in DU can relax the required processing and memory in DU and ensure more future proofness (such that the operators does not need to replace the already deployed DUs so frequently when the new/additional features are to be introduced in their systems). 
From the above, followings are proposed as evaluation criterion:
Proposal1: Consider followings as evaluation criterion for LLS:

1. Fronthaul bandwidth

· Required bandwidth ([X] Gbps), scaling based on layer/stream/antenna, traffic dependent or not

2. Performance

· Multi-cell/freq. coordination, UL advanced receiver

3. Fronthaul interface complexity

· Specification complexity, multi-vendor inte-operability
4. DU impact
· DU complexity, Future proofness
2.2. Comparison among potential options
In this subsection, we provide the initial comparison among potential solution. Since RAN3 has not yet agreed the working model of L1 processing diagram for NR, our analysis is based on the proposal captured in our separate paper [4]. In [4], following processing diagram is proposed. 
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Figure1. Possible NR L1 processing diagram (left-hand side: DL, right-hand side: UL) in [4]

Following is the comparison table based on Proposal1:
Table 1 Comparison table for lower layer split options
	Evaluation Criterion
	Option 6
	Option 7

	
	
	7-3
	7-2
	7-2a
	7-1

	Fronthaul bandwidth
	Required bandwidth
	Low
	Higher than Option6 (similar among 3 options)
	Higher than others

	
	
	baseband bits
	Quantized IQ (f)

	
	scaling based on layer/stream/antenna
	Scales with MIMO layers
	Scales with antenna ports

	
	traffic dependent or not
	Yes
	No

	Performance
	Multi-cell/freq. coordination
	centralized scheduler  (can be common per CU)

	
	UL advanced receiver aspect
	FFS
	N/A
	FFS
	Yes

	Fronthaul interface complexity
	Specification complexity
	Higher on the right

	
	Multi-vendor inte-operability
	Easier on the right

	DU impact
	DU complexity
	Lower on the right

	
	Future proofness
	More on the right


Fronthaul bandwidth
It is obvious that Option6 is lowest (due to user data dependent) and Option7-1 is highest (due to antenna port dependent). Among Option7-2, 7-2a and 7-3, the required fronthaul bandwidth can be similar due to MIMO layers and quanlization bit dependent. Moreover, Option7-2 and 7-3 may be able to reduce the required bandwidth in the switch NW. Since the split point is above RE mapping having multiple, if CU and DU may not transferred information of the non-scheduled PRBs and consequently, the overall required front haul bandwith may be able to be reduced due to statistical multiplexing effect. 
Performance
For Multi-cell/freq. coordination, as discussed in Rel-14 SI, it is feasible for all the options since MAC scheduler resides in CU. On the other hand, for UL advanced receiver aspect, during the Rel-14 SI, it was left FFS whether it is applicable for Option6 and 7-2. Therefore, it should be investigated further in this SI. Regarding the new option (Option7-2a), since the difference from Option7-1 is the dimension of the fronthaul bandwidth, it is feasible to apply UL advanced receiver.
Fronthaul interface complexity
For Specification complexity, if we have more number of required functions in DU, more number of information elements need to be defined in fronthaul interface. Similarly, for Multi-vendor inte-operability, more number of information element, especially UE specific information (which may be much vendor specific), would make inter-operability much difficult in multi-vendor operation. 
DU impact
For DU complexity, lower split option can reduce the DU functionality and this also implies more future proofness. For example, when RAN1 enhance the modulation scheme or transmission mode, it may impact on modulation function and precoder. However, it may depend on how complex and future extension are foreseen for each functionality how much DU impact can be avoided and how much future proofness is expected when located in CU. 
Proposal2: Take the contents of table1 as a initial comparison among LLS options. 
The corresponding TP is provided in [5].
3. Conclusion
This paper addresses the evaluation criteria for CU-DU lower layer split. Followings are the proposals:
Proposal1: Consider followings as evaluation criterion for LLS:

1. Fronthaul bandwidth

· Required bandwidth ([X] Gbps), scaling based on layer/stream/antenna, traffic dependent or not

2. Performance

· Multi-cell/freq. coordination, UL advanced receiver

3. Fronthaul interface complexity

· Specification complexity, multi-vendor inte-operability
4. DU impact
· DU complexity, Future proofness
Proposal2: Take the contents of table1 as initial comparison among LLS options. 
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Annex

11.1.2.9
Summary table
Summary on characteristics of different CU-DU split options is shown in Table 11.1.2.9-1.

Table 11.1.2.9-1 Summary on characteristics of different CU-DU split option

	
	Opt.

1
	Opt.

2
	Opt.

3-2
	Opt.

3-1
	Opt.

5
	Opt.

6
	Opt.

7-3
(only for DL)
	Opt.

7-2
	Opt.

7-1
	Opt.

8

	Baseline available
	No
	Yes (LTE DC)
	No
	Yes (CPRI)

	Traffic aggregation
	No
	Yes

	ARQ location
	DU
	CU
May be more robust under non-ideal transport conditions

	Resource pooling in CU
	Lowest
	in between (higher on the right)
	Highest

	
	RRC only
	RRC + L2 (partial)
	RRC + L2
	RRC + L2 + PHY (partial)
	RRC + L2 + PHY

	Transport NW
latency requirement
	Loose
	NOTE 7
	Tight

	Transport NW Peak BW requirement
	N/A
	Lowest
	in between (higher on the right)
	Highest

	
	No UP req.
	baseband bits
	Quantized IQ (f)
	Quant. IQ (t)

	
	-
	Scales with MIMO layers
	Scales with antenna ports

	Multi-cell/freq. coordination
	multiple schedulers
 (independent per DU)
	centralized scheduler
 (can be common per CU)

	UL Adv. Rx
	NOTE 7
	NA
	NOTE 7
	Yes

	Remarks
	NOTE 4
	
	
	
	NOTE 5/6
	NOTE 5
	NOTE 5
	NOTE 5
	
	


NOTE 1:
This summary is based on LTE protocol stack and is to be updated if necessary based on NR protocol stack.
NOTE 2:
This summary table is not to be used for evaluation of split options in its current form.
NOTE 3:
The table is intended to provide a high-level summary on the characteristics of the different CU-DU split options. Therefore, the items listed are non-exhaustive (but rather limited to some of the main items), and the descriptions are abstractive (rather than being accurate but too detailed).
NOTE 4:
May be beneficial for URLLC/MEC.

NOTE 5:
Complexity due to separation of Scheduler & PHY processing.

NOTE 6:
Complexity due to separation of Scheduler & HARQ.

NOTE 7:
Was not clarified during the study phase.
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