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1
Introduction
This paper discusses the reaming FFS in the TR 38.801 [1] and proposes to solve them accordingly.
TP is also provided for the TR 38.801 in [2]. 
2
Discussion
Beginning of proposed solution of FFS
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 8 (PHY-RF split)
-
RF functionality is in the distributed unit and upper layer are in the central unit.


[Since RAN3 has checked NR protocol design and modified based on NR, this editor’s note can be closed.]
Next proposed solution of FFS
11.1.2.2
Option 2 (PDCP/RLC split)
Option 2-1 Split U-plane only (3C like split)
Description:  In this split option, RRC, PDCP are in the central unit. RLC, MAC, physical layer and RF are in the distributed unit.  
Benefits and Justification: 
-
This option will allow traffic aggregation from NR and E-UTRA transmission points to be centralized.  Additionally, it can facilitate the management of traffic load between NR and E-UTRA transmission points.   
-
Fundamentals for achieving a PDCP-RLC split have already been standardized for LTE Dual Connectivity, alternative 3C. Therefore this split option should be the most straightforward option to standardize and the incremental effort required to standardize it should be relatively small. [U-plane aspect only. C-plane aspect is not justified during the study.]
[Since there is no consensus on the benefit for C-plane, this editor’s note can be revised as above.]
-
The alignment between LTE-NR tight interworking and functional split may be beneficial at least in user-plane, considering migration.

Next proposed solution of FFS
11.1.2.7
Option 7 (intra PHY split)

Description: Multiple realizations of this option are possible, including asymmetrical options which allow to obtain benefits of different sub-options for UL and DL independently (e.g. Option 7-1 is used in the UL and  Option 7-2 is used in the DL). A compression technique may be able to reduce the required transport bandwidth between the DU and CU.

In the UL, FFT, and CP removal reside in the DU. Two sub-variants are described below. Remaining functions reside in the CU. 

In the downlink, iFFT and CP addition reside in the DU. Three sub-variants are described below. The rest of the PHY resides in the CU.

Benefits and Justification (common among Option 7-1, 7-2 and 7-3):
-
This option will allow traffic aggregation from NR and E-UTRA transmission points to be centralized.  Additionally, it can facilitate the management of traffic load between NR and E-UTRA transmission points.

-
These options are expected to reduce the fronthaul requirements in terms of throughput.
[Since this FFS seems for stage 3 work, it can be removed.]
-
Centralized scheduling is possible as MAC is in CU. e.g. CoMP

-
Joint processing (both transmit and receive) is possible with these options as MAC is in CU.

Cons: 
-
This split may require subframe-level timing interactions between part of PHY layer in CU and part of PHY layer in DUs. 
Option 7-1

Description:
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 need to be clarified.   

[Since this sentence for clarification required, it is rephrased as above.]
In the DL, iFFT and CP addition functions reside in the DU, the rest of PHY functions reside in the CU.

Benefits and Justification:
-
Allows the implementation of advanced receivers
Option 7-2

Description:
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 need to be clarified.   

[Since this sentence for clarification required, it is rephrased as above.]
In the DL, iFFT, CP addition, resource mapping and precoding functions reside in the DU, the rest of PHY functions reside in the CU.

It is a requirement that both options allow the optimal use of advanced receivers. 
[Since this FFS seems for stage 3 work, it can be removed.]
Option 7-3 (Only for DL)
Description:
Only the encoder resides in the CU, and the rest of PHY functions reside in the DU. 

Benefits and Justification
-
This option is expected to reduce the fronthaul requirements in terms of throughput to the baseband bitrates as the payload for Option 7-3 is encoded data.
Next proposed solution of FFS
11.1.2.9
Void


	
	

	

	

	

	

	

	

	

	

	


	
	
	
	
	

	
	
	

	
	
	

	
	
	
	

	
	
	
	
	
	

	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	

	
	

	


	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	








[Since table is based on LTE, and not aligned with description any more, we propose to remove.]
Next proposed solution of FFS
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.
Editor’s note: The decision for the number of specified options should be made before moving to the WI phase based on the study results. RAN3 should focus on Option 2 and/or Option 3 for higher layer split options, and focus on other than Option 8 for lower layer split options. But specification aspects should be assessed before actually deciding.
[This part should be discussed and concluded separately.]
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.
11.1.3.2
Implications of LTE/NR tight interworking
LTE <-> NR interworking is mainly based on Dual-Connectivity-like mechanisms. Such approach does not imply any particular functional split. The requirement that could be extrapolated by the LTE-NR tight interworking requirement is that of allowing aggregation of PDCP functionalities, in case of split bearers.
[Since we haven’t seen any more, this FFS can be removed.]
11.1.3.3
Granularity of the Functional Split
Some possible options for the granularity of the CU/DU functional split are listed below:
-
Per CU: each CU has a fixed split, and DUs are configured to match this.
-
Per DU: each DU can be configured with a different split. The choice of a DU split may depend on specific topology or backhaul support in a given area.
NOTE 1:
For 2 cases above, one possible way would of course be through configuration. Alternatively the split could be “negotiated” taking into account capabilities of the two units, and deployment preference e.g. based on backhaul topology.

[Since this FFS seems for stage 3 work and it is possible at least by configuration, it can be rephrased as above.]
-
Per UE: different UEs may have different service levels, or belong to different categories, that may be best served in different ways by the RAN (e.g. a low rate IOT-type UE with no need for low latency does not necessarily  require higher layer functions close to the RF).
-
Per bearer: different bearers may have different QOS requirements that may be best supported by different functionality mapping. For example, QCI=1 type bearer requires low delay but is not SDU error sensitive, while eMBB may not be delay sensitive but has challenging requirements on throughput and SDU error rate.
-
Per slice: it is expected that each slice would have at least some distinctive QOS requirements. Regardless of how exactly a slice is implemented within the RAN, different functionality mapping may be suitable for each slice.
From above, Per CU and Per DU options pertain to flexibility of network topology, and should be straightforward to support. Whether procedures are required to handle the initial configuration (or O&M is relied upon) may be further considered. Note that in the Per DU option, one CU may need to support different split levels in different interfaces, which is not the case in the Per CU option.
[Since this FFS seems for stage 3 work, it can be rephrased as above.]
Further granularity (Per UE, Per bearer, Per slice) requires analysis and justification based on QOS and latency requirements. Note that the Per UE, Per bearer and Per slice options imply that a particular instance of the interface between CU/DU would need to support simultaneously multiple granularity levels on user plane.
NOTE 1:
The baseline is CU based or DU based. If there are demands to have finer granularity (e.g. Per UE,Per bearer, Per slice), justification should be made clear first.
Next proposed solution of FFS
11.1.3.7
Transmission of RRC message over the CU-DU link
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Figure 11.1.3.7-1: Transmission of RRC message between the CU and the UE via the DU

The RRC related functions should be located in the CU for all functional split options. The RRC message between the gNB and the UE should be transferred through the interface between the CU and the DU as illustrated in Figure 11.1.3.7-1. RRC messages could require a differentiated transport between CU and DU compared to data transport, e.g. in terms of robustness and delay. Some possible options to convey RRC message can be considered, e.g. by using SRB or DRB.
 
[Since some possible options to convey RRC message can be considered, e.g. by using SRB or DRB, it can be rephrased as above.]
3
Conclusions
Proposal:
It is proposed to agree on the TP in [2].
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