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1 Introduction
Based on the discussion in the last RAN3 meetings, possible 8 function split options between central unit and distributed unit and our proposals about option3-1 have been captured and updated progressively in TR38.801[1]. 
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In this contrubution, we give some analysis and comparisons about functional split options for non-ideal fronthaul, then give our proposals accordingly.
2 Discussion
In the last RAN2#95bis meeting, there were the following agreements:
Agreement

-
The ARQ will be supported in RLC. 
-
RLC adds an RLC SN

Agreement

1: NR specification should not prohibit out-of-order deciphering of PDCP PDUs.

Agreements

Proposal 1: Complete PDCP PDUs can be delivered out-of-order from RLC to PDCP. RLC delivers PDCP PDUs to PDCP after the PDU is reassembled

Proposal 1a: PDCP reordering is always enabled if in sequence delivery to layers above PDCP is needed (i.e. even in non-DC case)

Agreements

1: In NR, the segmentation function is only placed in the RLC layer as in LTE.

And for the function of concatenation, there was a show of hands as below but no conclusion could be reached:
Show of hands:

No Concatenation in RLC  18

Concatenation in RLC
12

From the above, we can see that NR UP stack will have similar functions and function location with LTE. But there are also some modificaitons, e.g. out-of-order PDU delivering to PDCP, and possible removal of concatenation function in RLC. 
With above RAN2 agreements,we make some analysis and comparison on options 1-3 
Buffer requirement in DU
In option 1, all L2 layers are located in DU. Hence all of buffers, e.g. transmission buffer and retransmission buffer for tranmitting side and reception buffer for receiving side, are located in DU. Buffer requirement in DU is the highest among the 3 options.
In option 2, transmitting side of DU at least has part of transmission buffer (using flow control mechanism, user data may be buffered separately in CU and DU) and a whole retransmission buffer for RLC PDU. Receiving side of DU at least has a reception buffer for RLC PDU segments. And out-of-order PDUs can be buffered in PDCP of CU according to the RAN2 agreements. Buffer requirement in DU is lower than option 1 and middle among the 3 options.
In option 3-1, transmitting side of DU may have a small transmission buffer for continuous data transmission using a smart flow control mechanism, which guarantees that large number of data will be buffered in CU for mobility case and multiple DU coordination and there is a small amount of data for continuous transmission. Receiving side of DU may not have any buffer since all PDUs and PDU segments may be sent to CU directly. Hence buffer requirement in DU is the lowest among the 3 options.
Observation1: Buffer requirement in DU of option 3-1 is the lowest among the 3 HL(High layer) split options.
· Information transferred between CU and DU
In option 1, higher layer packets, e.g. IP packets, are sent directly to DU from the CN UP GateWay. Hence no data needs to be transffered between CU and DU But in the case of DU changing, large number of data and status report must be transferred between CU and DU. The path of forwarding is from source DU to target DU through CU delaying. In order to guarantee the loss-less of data, PDCP status needs to be transferred to target DU.
In option 2, PDCP PDU will be sent between CU and DU. In order to compromise between enough data volume for continuous transmission in DU and data forwarding volume in case of DU change, flow control information will be transferred between CU and DU along with on-going data transmission. Furthermore, like current interaction between the layers, RLC will send some ACK feedback to PDCP, e.g. like ‘highest successfully delivered sequence number’ as in the interface signaling of legacy DC operation.
In option 3-1, RLC SDU with allocated RLC SN or RLC PDU will be sent between CU and DU. One method is that the CU will allocate RLC SN and send corresponding PDCP PDU along with this SN information to DU. And constuction of RLC PDU is located in DU. The other method is that the CU will construct each RLC PDU with RLC SN and send RLC PDU to DU. Flow control information will be similar as the option 2. Because ARQ function of RLC is located in CU, the legacy ACK feedback from RLC ARQ transmitter back to PDCP transmitter in support of flow control is not needed anymore.
Observation2: Both options #3-1 and #2 need flow control information between CU and DU while legacy ACK feedback from RLC to PDCP is only needed for option #2.
· ARQ latency
In option 1 and option 2, ARQ function locates in DU. ARQ latency is the same as the legacy LTE in low frequency (LF) deployment case. While for option 3, ARQ latency will be longer due to the introduction of fronthaul tranmission latency.
For high frequency (HF) deployments, which is the important scenario of NR, it is possible that the link of one DU suddenly breaks. In this case, for option 2, only when it reaches the RLC maximum retranmission number, DU could explicitly inform CU the broken of link. Such procedures will bring a long latency. In option 3-1, ARQ function locates in CU. CU could choose to re-transmit in another leg before it reaches the RLC maximum retranmission number if the original leg is not good. In this case , the re-tranmission success rate is higher. Therefore, it could reduce the ARQ latency in option 3-1.
Observation3: For high frequency scenario, option 3-1 is more flexible on selecting the leg which could be used to re-transmit, therefore, it could improve the re-transmission success rate and reduce ARQ latency. 
· Intra-CU Mobility
In option 1, when DU changes, the procedure is similar to the current intra-cell handover case, e.g. L2 re-establishment, PDCP status transfer, lots of data forwarding, security update.
In option 2 and option 3-1, when DU changes, PDCP layer is in CU and PDCP status and buffer can remain the same within one CU between different DUs. Neither PDCP status transfer nor data forwarding is needed. Hence the mobility overhead is lower than option 1. Furthermore, in option 3-1, RLC status is maintained in CU. Hence when DU changes, RLC status can be sustained and need not to be reset. Compared with option 2 where only PDCP status report is used for retransmission decision, option 3-1 can avoid some retranmission in the target DU. For example, if only some PDCP segments of one PDCP PDU are successfully transmitted on source side, in option 3-1,the CU only needs to re-transmit the PDCP segement that failed in source DU,while the CU would re-transmit the whole PDCP PDU to the target DU in option 2.
Observation4: Option 2 and option 3-1 could simplify intra-CU mobility procedure. Besides, option 3-1 could avoid the retransmission of PDCP segment that has been successfully transmitted in source DU after connected to target DU.
· Interworking
For interworking case and dual connectivity case, LTE DC 1A/3C architectures will be the baseline solution. Especially for interworking case, LTE can only support current architectures.
In option 1, all of L2 sublayers including PDCP are located in DU. Option 1 can work with DC 1A architecture. However DC 3A architecture means that MeNB has a central PDCP entity and separate RLC entities for MeNB and SeNB. There are two options for 3C architecture. One is there is interface only between CU and LTE eNB. When NR is MeNB, the PDCP PDU in DU will be relayed by the CU to the LTE eNB (as SeNB) which put more burden on the interface between CU and DU. The other option is that there is a direct interface between each DU and LTE eNB. The complexity of interface setup and maintaining is very high. Hence Supporting DC 3C architecture would bring more complexity on option 1.
For option 2 and option 3-1, both DC 1A and 3C can work well. Both NR DC or NR and LTE interworking case can be supported.
Observation 5: Supporting DC 3C architecture would bring more complexity on option 1 while both option2 and option3-1 can support DC 1A/3C without additional efforts.
From the above analysis, there is a summary table as the followings:
	
	Option1
	Option2
	Option3-1

	Buffer requirement in DU
	High
	Middle
	Low

	Information transferred between CU and DU
	Data forwarding and status transfer is needed when DU changes
	Control flow and ACK feedback information
	Control flow information

	ARQ latency
	Same as LTE in LF. But with longer ARQ latency in HF due to retranmission failure.
	Same as LTE in LF. But with longer ARQ latency in HF due to multiple retranmission failures.
	Central ARQ with higher retranmission success probability could reduce ARQ delay 

	Intra-CU Mobility
	Highest mobility overhead with L2 re-establishment, PDCP status transfer, lots of data forwarding, security update and so on.
	No PDCP status transfer and data forwarding. No security update
	No PDCP status transfer and data forwarding. No security update.
Option 3-1 could avoid the retransmission of PDCP segment that has been successfully transmitted in source DU after connected to target DU.


	Interworking
	The complexity is high when supporting DC 3C case.
	Applicable for both DC 1A and 3C.
	Applicable for both DC 1A and 3C.


Proposal 1: RAN3 agrees on the TP for the TR 38.801.
3 Conclusion
Based on the discussion in section 2,we have the following observations and proposal:
Observation1: Buffer requirement in DU of option3-1 is the lowest among the 3 HL(High layer) split options.
Observation2: Both Option3-1 and option2 need flow control information between CU and DU while ACK feedback from RLC to PDCP is only needed for opton2.
Observation3: For high frequency scenario, option3-1 is more flexible on selecting the leg which could be used to re-transmit,therefore, it could improve the re-transmission success rate and reduce ARQ latency. 
Observation4: Option2 and option 3-1 could simplify intra-CU mobility procedure. Besides,option 3-1 could avoid the retransmission of PDCP segment that has been successfully transmitted in source DU after conncet to target DU.
Observation5: Supporting DC 3C architecture would bring more complexity on option 1 while both option2 and option3-1 can support DC 1A/3C without additional efforts.
Proposal 1: RAN3 agrees on the TP for the TR 38.801.
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5 Text Proposal for TR38.801
Beginning of Text Proposal
11
RAN logical architecture for NR
11.1
Functional split between central and distributed unit
<<< Skipped >>>
11.1.x  Evaluation
11.1.x.1 Evaluations for non-ideal fronthaul options
There is a summary table of comparisons for non-ideal fronthaul options as the followings:
	
	Option1
	Option2
	Option3-1

	Buffer requirement in DU
	High
	Middle
	Low

	Information transferred between CU and DU
	Data forwarding and status transfer is needed when DU changes
	Control flow and ACK feedback information
	Control flow information

	ARQ latency
	Same as LTE in LF. But with longer ARQ latency in HF due to retranmission failure.
	Same as LTE in LF. But with longer ARQ latency in HF due to multiple retranmission failures.
	Central ARQ with higher retranmission success probability could reduce ARQ delay 

	Intra-CU Mobility
	Highest mobility overhead with L2 re-establishment, PDCP status transfer, lots of data forwarding, security update and so on.
	No PDCP status transfer and data forwarding. No security update
	No PDCP status transfer and data forwarding. No security update.

Option 3-1 could avoid the retransmission of PDCP segment that has been successfully transmitted in source DU after connected to target DU.


	Interworking
	The complexity is high when supporting DC 3C case.
	Applicable for both DC 1A and 3C.
	Applicable for both DC 1A and 3C.


End of Text Proposal
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