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For definitive guidance on drafting 3GPP TSs and TRs, see 3GPP TS 21.801 supplemented by the 3GPP web page http://www.3gpp.org/specifications-groups/delegates-corner/writing-a-new-spec. 
Ensure all blue guidance text is removed before submitting the TS/TR to the TSG for approval.
[bookmark: foreword][bookmark: _Toc20752797]Foreword
This clause is mandatory; do not alter the text in any way other than to choose between "Specification" and "Report". 
[bookmark: spectype3]This Technical Specification|Report has been produced by the 3rd Generation Partnership Project (3GPP).
The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:
Version x.y.z
where:
x	the first digit:
1	presented to TSG for information;
2	presented to TSG for approval;
3	or greater indicates TSG approved document under change control.
y	the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.
z	the third digit is incremented when editorial only changes have been incorporated in the document.
In drafting the TS/TR, pay particular attention to the use of modal auxiliary verbs! TRs shall not contain any normative provisions.
In the present document, modal verbs have the following meanings:
shall		indicates a mandatory requirement to do something
shall not	indicates an interdiction (prohibition) to do something
The constructions "shall" and "shall not" are confined to the context of normative provisions, and do not appear in Technical Reports.
The constructions "must" and "must not" are not used as substitutes for "shall" and "shall not". Their use is avoided insofar as possible, and they are not used in a normative context except in a direct citation from an external, referenced, non-3GPP document, or so as to maintain continuity of style when extending or modifying the provisions of such a referenced document.
should		indicates a recommendation to do something
should not	indicates a recommendation not to do something
may		indicates permission to do something
need not	indicates permission not to do something
The construction "may not" is ambiguous and is not used in normative elements. The unambiguous constructions "might not" or "shall not" are used instead, depending upon the meaning intended.
can		indicates that something is possible
cannot		indicates that something is impossible
The constructions "can" and "cannot" are not substitutes for "may" and "need not".
will		indicates that something is certain or expected to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
will not		indicates that something is certain or expected not to happen as a result of action taken by an agency the behaviour of which is outside the scope of the present document
might	indicates a likelihood that something will happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
might not	indicates a likelihood that something will not happen as a result of action taken by some agency the behaviour of which is outside the scope of the present document
In addition:
is	(or any other verb in the indicative mood) indicates a statement of fact
is not	(or any other negative verb in the indicative mood) indicates a statement of fact
The constructions "is" and "is not" do not indicate requirements.
[bookmark: introduction][bookmark: _Toc20752798]Introduction
This clause is optional. If it exists, it shall be the second unnumbered clause.
[bookmark: scope][bookmark: _Toc20752799]
1	Scope
The present document is related to the technical report of the study item " Study on Enhancement for Disaggregated gNB " (RP-191975).
This activity involves the Radio Access work area of the 3GPP studies and has impacts on the Access Network of the 3GPP systems.
The present document gathers all technical outcome of the study item, and draws a conclusion on the way forward.
[bookmark: references][bookmark: _Toc20752800]2	References
The following documents contain provisions which, through reference in this text, constitute provisions of the present document.
-	References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.
-	For a specific reference, subsequent revisions do not apply.
-	For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]	3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[2]	RP-191975, Revised SID: Enhancement for disaggregated gNB architecture, CATT
[bookmark: definitions][bookmark: _Toc20752801]3	Definitions of terms, symbols and abbreviations
[bookmark: _Toc20752802]3.1	Terms
For the purposes of the present document, the terms given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [1].
[bookmark: _Toc20752803]3.2	Symbols
For the purposes of the present document, the following symbols apply:

[bookmark: _Toc20752804]3.3	Abbreviations
For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

[bookmark: clause4][bookmark: _Toc20752805]4	General
The objective of this study item is to investigate enhancements to disaggregated gNB scenario. At least the following topics should be studied:
1. Identifying detailed solutions for further enhancements on current flow control mechanism with the following aspects considered. 
· PDCP PDUs may be delivered in the Uu interface out of sequence.
· The re-transmitted PDCP PDUs may arrive at DU out of order.
· In DC scenario, data transmitted to UE from two legs may arrive out of order which in turn may result in out-of-order delivery to higher layer in case of re-ordering timer expiration.
Note1: The solution shall be backward compatible (i.e. carefully consider the fact no criticality handling defined in U-plane protocol specification).
2. Identifying detailed solutions to support the scenario that one UE connects to several gNB-CU-UPs which belong to different security domains.
Note2: SA3 should be involved in this SI.
Note3: CP/UP separation and CU/DU split should be invisible to other nodes (especially UE should not be impacted).
[bookmark: _Toc20752806]5	Further Enhancements on Flow Control Mechanism
[bookmark: _Toc20752807]5.1	Scenario
[bookmark: _Toc20752808]5.1.1	Scenario 1
In Rel-15, fast retransmission was introduced. For this case, data unsuccessfully transmitted in one leg would be re-transmitted in another leg based on the DDDS from the corresponding node. The current DDDS reports the sequence number of the in-sequence successfully delivered PDCP PDUs, which may lead to re-transmission in another leg of some already delivered PDCP PDUs.
For example, Figure 5.1-1 depicts the transmission status for one specific UE in gNB-DU1, i.e. all PDCP PDU with sequence number below 207 are successfully sent to UE except for PDCP PDU with SN 201. In this case, the gNB-DU1 would only report to gNB-CU-UP that its highest in-sequence successful transmitted PDCP SN as 200 and gNB-CU would request gNB-DU2 to re-transmit the PDCP PDU whose SN is above 200, among which some are already delivered to the UE.


Figure 5.1-1 PDCP PDU transmission status in gNB-DU1 for Scenario 1
[bookmark: _Toc20752809]5.1.2	Scenario 2
For re-transmission, there may be two kinds of re-transmissions, i.e. retransmission because of the data missing on F1/Xn interface and fast re-transmission mechanism. When the two kinds of re-transmission data arrive at corresponding node, the corresponding node may do re-ordering while sending them to UE. At the same time, the data sent from hosting node may arrive at corresponding node out of order. In this case, the hosting node could not get the accurate information on the status of re-transmission packets.
[bookmark: _Toc20752810]5.2	Possible Solutions
[bookmark: _Toc20752811]5.2.1	Solution for Scenario 1
For scenario 1, the possible solutions are listed as below:
Solution1: The corresponding node reports the highest successfully delivered PDCP SN in order and at the same time also reports all the other PDCP SN delivered successfully out of order. The corresponding node reports all PDCP SN which are delivered to UE successfully based on the request from hosting node (Refer to R3-193694). The update to DDDS and DL USER DATA is as follows:


	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=1)
	Highest Transmitted NR PDCP SN Ind 
	Highest Delivered NR PDCP SN Ind
	Final Frame Ind.
	Lost Packet Report
	1

	Spare

	Delivered out of order NR PDCP SN Ind
	Data rate Ind.
	Retransmitted NR PDCP SN Ind
	Delivered Retransmitted NR PDCP SN Ind
	Cause Report
	1

	Desired buffer size for the data radio bearer
	4

	Desired Data Rate
	0 or 4

	Number of lost NR-U Sequence Number ranges reported
	0 or 1

	Start of lost NR-U Sequence Number range
	0 or (6* Number of reported lost NR-U SN ranges)

	End of lost NR-U Sequence Number range
	

	Highest successfully delivered NR PDCP Sequence Number
	0 or 3

	Highest transmitted NR PDCP Sequence Number
	0 or 3

	Cause Value
	0 or 1

	Successfully delivered retransmitted NR PDCP Sequence Number
	0 or 3

	Retransmitted NR PDCP Sequence Number
	0 or 3

	Number of NR PDCP successfully delivered out of order
	0-3

	NR PDCP Sequence Number1 delivered out of order
	0-3

	…
	

	NR PDCP Sequence Number N delivered out of order
	0-3


Figure 5.2.1-1 Impact to DDDS for solution 1

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=0)
	Full report indication
	DL Discard Blocks
	DL Flush
	Report polling
	1

	Spare
	[bookmark: OLE_LINK23]Report Delivered
	User data existence flag
	Assistance Info. Report Polling Flag
	Retransmission flag
	1

	NR-U Sequence Number
	3

	DL discard NR PDCP PDU SN
	0 or 3

	DL discard Number of blocks
	0 or 1

	DL discard NR PDCP PDU SN start (first block)
	0 or 3

	Discarded Block size (first block)
	0 or 1

	…
	

	DL discard NR PDCP PDU SN start (last block)
	0 or 3

	Discarded Block size (last block)
	0 or 1

	DL report NR PDCP PDU SN
	0 or 3

	Padding
	0-3


Figure 5.2.1-2 Impact to DL USER DATA for solution 1
Solution 2: The corresponding node reports the highest successfully delivered PDCP SN in order and the highest successfully delivered PDCP SN. At the same time, it reports the PDCP SN which is not delivered successfully between them. The corresponding node reports all PDCP SN which are delivered to UE successfully based on the request from hosting node (Refer to R3-193694). The update to DDDS and DL USER DATA is as follows:
	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=1)
	Highest Transmitted NR PDCP SN Ind 
	Highest Delivered NR PDCP SN Ind
	Final Frame Ind.
	Lost Packet Report
	1

	Spare        
	Delivered              out of order NR PDCP SN Ind
	Data rate Ind.
	Retransmitted NR PDCP SN Ind
	Delivered Retransmitted NR PDCP SN Ind
	Cause Report
	1

	Desired buffer size for the data radio bearer
	4

	Desired Data Rate
	0 or 4

	Number of lost NR-U Sequence Number ranges reported
	0 or 1

	Start of lost NR-U Sequence Number range
	0 or (6* Number of reported lost NR-U SN ranges)

	End of lost NR-U Sequence Number range
	

	Highest successfully delivered NR PDCP Sequence Number 
	0 or 3

	Highest transmitted NR PDCP Sequence Number
	0 or 3

	Cause Value
	0 or 1

	Successfully delivered retransmitted NR PDCP Sequence Number
	0 or 3

	Retransmitted NR PDCP Sequence Number
	0 or 3

	Highest delivered NR PDCP Sequence Number (including out of order)
	0-3

	First missing NR PDCP Sequence Number1 
	0-3

	…
	

	Last missing NR PDCP Sequence Number N
	0-3


Figure 5.2.1-3 Impact to DDDS for solution 2

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=0)
	Full report indication 
	DL Discard Blocks
	DL Flush
	Report polling
	1

	Spare
	Report Delivered
	User data existence flag
	Assistance Info. Report Polling Flag
	Retransmission flag
	1

	NR-U Sequence Number
	3

	DL discard NR PDCP PDU SN
	0 or 3

	DL discard Number of blocks
	0 or 1

	DL discard NR PDCP PDU SN start (first block)
	0 or 3

	Discarded Block size (first block)
	0 or 1

	…
	

	DL discard NR PDCP PDU SN start (last block)
	0 or 3

	Discarded Block size (last block)
	0 or 1

	DL report NR PDCP PDU SN
	0 or 3

	Padding
	0-3


Figure 5.2.1-4 Impact to DL USER DATA for solution 2
Solution 3: The indication of successfully delivered PDCP SN range(s) is introduced to indicate the status of the PDU after the highest successfully delivered PDCP PDU, where the successfully delivered PDCP SN range is defined by two parameters, i.e., start of successfully delivered PDCP SN and end of successfully delivered PDCP SN (Refer to R3-194448).
	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=1)
	Highest Transmitted NR PDCP SN Ind 
	Highest Delivered NR PDCP SN Ind
	Final Frame Ind.
	Lost Packet Report
	1

	Spare
	Successfully Delivered NR PDCP SN Indicator
	Data rate Ind.
	Retransmitted NR PDCP SN Ind
	Delivered Retransmitted NR PDCP SN Ind
	Cause Report
	1

	/** unchanged part is skipped**/
	

	Number of successfully delivered PDCP SN range
	0 or 1

	Start of successfully delivered PDCP SN range
	0 or 3
0 or 3

	End of successfully delivered PDCP SN range
	

	Padding
	0-3


Figure 5.2.1-5 Impact to DDDS for solution 3 to scenario 1
Solution 4: The existing DL discard mechanism from TS 38.425 is used.
[bookmark: _Toc20752812]5.2.2	Solution for Scenario 2
Solution 1: Solutions for scenario 1 could be reused for scenario 2 with similar information introduced for re-transmission packets.
[bookmark: _Toc20752813]5.3	Evaluations
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