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1. Introduction
The previous RAN3 meetings have discussed RAN enhancements for new QoS parameters, i.e. survival time. The following agreements were made as follows:
	RAN3#112e:
The survival time is not applicable to aperiodic deterministic traffic in Rel.17.
The Survival Time is expressed as unit of time.
The minimum value for the Survival Time is 0.
WA: Supporting the Survival Time for both downlink and uplink pending to RAN2 progress
[bookmark: OLE_LINK375][bookmark: OLE_LINK376][bookmark: OLE_LINK6]RAN3#113e:
The working assumptions is agreed, i.e. supporting the Survival Time for both downlink and uplink. 
The granularity of the survival time is 1 us (i.e. the same as the Periodicity IE). 
The maximum value of the survival time should be at least 3 times the maximum value of the Periodicity IE. 
No RAN3 actions are needed for the TSN service in acknowledge mode, unless further action is required by other groups.
Keep the current Survival time encoding unchanged in the BLCRs. 
RAN3#114e:
No need to increase the maximum value of the periodicity.
The maximum value of the Survival Time is 1.92s (i.e., option2).
The uplink Survival Time assistance information is out of the scope of RAN3
RAN3 continues to evaluate and discuss the solutions for the downlink Survival Time assistance information.
For downlink transmission, a survival time state indicator (activated or not) can be seen as baseline.
The downlink Survival Time assistance information is delivered on XnAP, if any, and FFS on the impact of NGAP/F1AP.
RAN3#114bise:
For downlink transmission, the issue on survival state is not triggered on the source NG-RAN node should be discussed and solved. On top of it, Option 1 (i.e., an available survival time) and Option 4 (i.e., a survival time state indicator (activated or not)) can be further discussed.
There is no need to deliver uplink Survival Time assistance information during handover in R17 based on agreements in RAN2 and RAN3.


RAN3 has concluded that there is no need to transfer uplink survival time assistance information during handover. For downlink transmission, companies have consensus on the necessity to transfer downlink survival time assistance information between NG-RAN nodes during handover. However, there are still some divergences for the detailed format of the assistance information. 
In this paper, we will further analyse downlink survival time assistance information during the handover based on the latest progress. Besides, we will discuss the necessity to transfer the survival time assistance information over F1 interface.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]2. Discussion
2.1 Which option (AST or survival time state) is preferred?
Currently, two options are still on the table for the detailed format of the downlink survival time assistance information, which are:
· Option 1: deliver available survival time (AST) during HO.
· Option 4: deliver a survival time indicator during HO.
If option 1 is selected, how to obtain the available survival time is still a problem. In CU-DU split case, DU is aware whether a packet is lost or not, while CU cannot have such information in time. It is reasonable for the DU to maintain the survival time, and to derive the available survival time if needed, e.g. when requested by the source CU. As elaborated by the moderator in [1] during phase 2 discussion, more specification changes are expected for option 1 than option 4, which is not preferred especially at such a late stage of Rel-17. 
Besides, we don't see much difference between the two options when the target gNB decides to schedule downlink packets. Even though the source gNB derives the available survival time and delivers the AST to the target gNB, the target gNB cannot obtain the accurate remaining survival time for the service when receiving the next downlink packet. This is because the target gNB still has no idea about the accurate user plane delay between the two gNBs. The target gNB can only know there exists packet loss at the source gNB, and need to guarantee robust transmission for the next downlink packet. However, a survival time indicator can achieve the same purpose, and is much simpler.
Based on above consideration, we suggest to adopt a survival time indicator (i.e. option 4) as the downlink survival time assistance information.
Proposal 1: During handover, the Source NG-RAN indicates the downlink survival time indicator to the target NG-RAN as an assistance information.
2.2 XnAP messages to signal the survival time state
For Xn based handover, as for which messages in XnAP to include the survival time state indicator, we think the SN STATUS TRANSFER message and EARLY STATUS TRANSFER message are suitable. As explained in detail by the moderator in [1], the source gNB does not change the survival time state after sending the SN STATUS TRANSFER message, the survival time state indicated in the message is a little accurate. For DRBs configured with DAPS, there may be instant misalignment after sending EARLY STATUS TRANSFER message between the gNBs, but no issue exists.
While for some other messages, there may exist some issues. As shown in the Fig.1 of [1], when the source gNB sends HANDOVER REQUEST message to the target gNB, the data transmission at the source gNB side is still continuing. If we contain the downlink survival time assistance information in this message, the assistance information is not accurate and maybe useless. For example, if the source gNB indicates that downlink survival time is activated in HANDOVER REQUEST, but the next downlink packet may be successfully transmitted before the UE switches to the target gNB, then the assistance information in the HANDOVER REQUEST message is outdated. Similar issue exists for TSC Assistance Information IE, since the IE will be contained in the HANDOVER REQUEST message during handover.
Thus, we propose that the source gNB can include the survival time in the SN STATUS TRANSFER message and the EARLY STATUS TRANSFER message.
Proposal 2: For Xn based handover, the source gNB can include the DL survival time state in the SN STATUS TRANSFER message and the EARLY STATUS TRANSFER message.

2.3 Survival time state encoding

About the encoding of survival time state, if two code points are defined, particularly for the “inactivated” state, there may lead to less “reliable” handlings at the target NG-RAN node. Hence only one codepoint “activated” is needed. An encoding example is provided as follows. 

	>DL Survival Time State
	O
	
	ENUMERATED (activated, ...)
	Indicates that DL Survival Time State for the DRB.
	YES
	Ignore



Proposal 3: A single codepoint “activated” can be designed for the DL survival time state.

2.4 Survival time exchange over F1 interface
In CU-DU split scenario, the air interface scheduling is performed at the gNB-DU, and it is reasonable for the gNB-DU to maintain the downlink survival time state information. Thus, in order to allow the source gNB-CU to be aware of the survival time state, the source gNB-DU needs to notify such information to the source gNB-CU. 
One typical example is that after the source CU triggers the handover procedure, it can request the DU to report the survival state. Then the DU can send the ST state to the CU via the DL DATA DELIVERY STATUS Frame. 


Proposal 4: Over F1, the source DU sends the downlink survival time state to the source CU via DL DATA DELIVERY STATUS Frame.
Furthermore, when the target gNB-CU obtains the downlink survival time assistance information, which node may need to use such information needs more discussion. If the target gNB will decide to adopt downlink PDCP duplication to guarantee robust transmission for the subsequent downlink packet(s) if the assistance information indicates that survival time is activated, then such information is beneficial for the target gNB-CU and there is no need to further transfer such information to the target gNB-DU. However, PDCP duplication is not the only way to improve transmission reliability. The gNB-DU can also adopt multiple schemes designed in Rel-16/Rel-17 to guarantee transmission reliability, e.g. repetition and so on. In such case, the downlink survival time state is beneficial for the target gNB-DU to determine which schemes shall be adopted for downlink transmission.
We think over F1 interface, the target gNB-CU can also send the downlink survival time state to the target gNB-DU, e.g. via the DL USER DATA.
Proposal 5: Over F1, the target CU can send the downlink survival time state to the target DU via DL USER DATA.
2.5 NG based handover

Then for the NG based handover the survival time state can be signalled in the Uplink RAN Status Transfer message and the Downlink RAN Status Transfer message, similar to the Xn based handover. 

Proposal 6: For NG based handover, the source gNB can include the survival time state in the Uplink RAN Status Transfer message and the Downlink RAN Status Transfer message.

[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
[bookmark: _Toc423020280]Based on the discussion in this paper, we make the following proposals:
Proposal 1: [bookmark: OLE_LINK178]During handover, the Source NG-RAN indicates the downlink survival time indicator to the target NG-RAN as an assistance information.
Proposal 2: For Xn based handover, the source gNB can include the DL survival time state in the SN STATUS TRANSFER message and the EARLY STATUS TRANSFER message.
Proposal 3: A single codepoint “activated” can be designed for the DL survival time state.
Proposal 4: Over F1, the source DU sends the downlink survival time state to the source CU via DL DATA DELIVERY STATUS Frame.
Proposal 5: Over F1, the target CU can send the downlink survival time state to the target DU via DL USER DATA.
Proposal 6: For NG based handover, the source gNB can include the survival time state in the Uplink RAN Status Transfer message and the Downlink RAN Status Transfer message.
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This message is sent by the source NG-RAN node to the target NG-RAN node to transfer the COUNT value related to the forwarded downlink SDUs during DAPS Handover or Conditional Handover.
For MR-DC with 5GC, the message is also used, during a Conditional Handover, to transfer from the source S-NG-RAN node to the source M-NG-RAN node, the COUNT value related to the forwarded downlink SDUs.
Direction:	source NG-RAN node  target NG-RAN node (DAPS Handover or Conditional Handover).
Direction: 	source S-NG-RAN node  source M-NG-RAN node (Conditional Handover)
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	ignore

	Source NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated for handover at the source NG-RAN node.
	YES
	reject

	Target NG-RAN node UE XnAP ID
	M
	
	NG-RAN node UE XnAP ID
9.2.3.16
	Allocated for handover at the target NG-RAN node.
	YES
	reject

	CHOICE Procedure Stage
	M
	
	
	
	YES
	reject

	>First DL COUNT
	
	
	
	
	
	

	>>DRBs Subject To Early Status Transfer List
	M
	1
	
	
	–
	

	>>>DRBs Subject To Early Status Transfer Item
	
	1 .. <maxnoofDRBs>
	
	
	–
	

	>>>>DRB ID
	M
	
	9.2.3.33
	
	–
	

	[bookmark: OLE_LINK130]>>>>CHOICE First DL COUNT
	M
	
	
	
	–
	

	>>>>>12 bits
	
	
	
	
	
	

	>>>>>> FIRST DL COUNT Value
	M
	
	COUNT Value for PDCP SN Length 12 9.2.3.36
	PDCP-SN and Hyper frame number of the first DL SDU that the source NG-RAN node forwards to the target NG-RAN node in case of 12 bit long PDCP-SN
	–
	

	>>>>>18 bits
	
	
	
	
	
	

	>>>>>> FIRST DL COUNT Value
	M
	
	COUNT Value for PDCP SN Length 18 9.2.3.37
	PDCP-SN and Hyper frame number of the first DL SDU that the source NG-RAN node forwards to the target NG-RAN node in case of 18 bit long PDCP-SN
	–
	

	>>>>DL Survival Time State
	O
	
	ENUMERATED (activated,  ...)
	Indicates that DL Survival Time State for the DRB.
	YES
	ignore

	>>DRBs Subject To DL Discarding List
	M
	1
	
	
	–
	

	>>>DRBs Subject To DL Discarding Item
	
	1 .. <maxnoofDRBs>
	
	
	–
	

	>>>>DRB ID
	M
	
	9.2.3.33
	
	–
	

	>>>>CHOICE DL Discarding
	M
	
	
	
	–
	

	>>>>>12 bits
	
	
	
	
	
	

	>>>>>> DISCARD DL COUNT Value
	M
	
	COUNT Value for PDCP SN Length 12 9.2.3.36
	PDCP-SN and Hyper frame number for which the target NG-RAN node should discard forwarded DL SDUs associated with lower values in case of 12 bit long PDCP-SN
	–
	

	>>>>>18 bits
	
	
	
	
	
	

	>>>>>> DISCARD DL COUNT Value
	M
	
	COUNT Value for PDCP SN Length 18 9.2.3.37
	PDCP-SN and Hyper frame number for which the target NG-RAN node should discard forwarded DL SDUs associated with lower values in case of 18 bit long PDCP-SN
	–
	



	Range bound
	Explanation

	maxnoofDRBs
	Maximum no. of DRBs allowed towards one UE. Value is 32. 



<Unchanged Text Omitted>

9.2.1.14	DRBs Subject To Status Transfer List
This IE contains a list of DRBs containing information about PDCP SN status.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	DRBs Subject To Status Transfer Item
	
	1 .. <maxnoofDRBs>
	
	
	–
	

	>DRB ID
	M
	
	9.2.3.33
	
	–
	

	[bookmark: _Hlk88475344]>CHOICE PDCP Status Transfer UL
	M
	
	
	
	–
	

	>>12 bits
	
	
	
	
	
	

	>>>Receive Status Of PDCP SDU
	O
	
	BIT STRING (1.. 2048)
	The IE is used in case of 12-bit long PDCP-SN.
The first bit indicates the status of the SDU after the First Missing UL PDCP SDU.
The Nth bit indicates the status of the UL PDCP SDU in position (N + First Missing SDU Number) modulo (1 + the maximum value of the PDCP-SN).

0: PDCP SDU has not been received.
1: PDCP SDU has been received correctly.
	–
	

	>>>UL COUNT Value
	M
	
	COUNT Value for PDCP SN Length 12 9.2.3.36
	PDCP-SN and Hyper Frame Number of the first missing UL SDU in case of 12-bit long PDCP-SN
	–
	

	>>18 bits
	
	
	
	
	
	

	>>>Receive Status Of PDCP SDU
	O
	
	BIT STRING (1.. 131072)
	The IE is used in case of 18-bit long PDCP-SN.
The first bit indicates the status of the SDU after the First Missing UL PDCP SDU.
The Nth bit indicates the status of the UL PDCP SDU in position (N + First Missing SDU Number) modulo (1 + the maximum value of the PDCP-SN).

0: PDCP SDU has not been received.
1: PDCP SDU has been received correctly.
	–
	

	>>>UL COUNT Value
	M
	
	COUNT Value for PDCP SN Length 18 9.2.3.37
	PDCP-SN and Hyper Frame Number of the first missing UL SDU in case of 18-bit long PDCP-SN
	–
	

	>CHOICE PDCP Status Transfer DL
	M
	
	
	
	–
	

	>>12 bits
	
	
	
	
	
	

	>>>DL COUNT Value
	M
	
	COUNT Value for PDCP SN Length 12 9.2.3.36
	PDCP-SN and Hyper Frame Number that the target NG-RAN node (handover) or the NG-RAN node to which the DRB context is transferred (dual connectivity) should assign for the next DL SDU not having an SN yet in case of 12-bit long PDCP-SN.
	–
	

	>>18 bits
	
	
	
	
	
	

	>>>DL COUNT Value
	M
	
	COUNT Value for PDCP SN Length 18 9.2.3.37
	PDCP-SN and Hyper Frame Number that the target NG-RAN node (handover) or the NG-RAN node to which the DRB context is transferred (dual connectivity) should assign for the next DL SDU not having an SN yet in case of 18-bit long PDCP-SN.
	–
	

	>Old QoS Flow List - UL End Marker expected
	O
	
	QoS Flow List
9.2.1.4a
	This IE is included to be used for indicating that the source NG-RAN node has initiated QoS flow re-mapping and has not yet received SDAP end markers, as described in TS 38.300 [8].
	YES
	reject

	[bookmark: OLE_LINK128][bookmark: OLE_LINK126][bookmark: OLE_LINK127]>DL Survival Time State
	O
	
	ENUMERATED (activated, ...)
	[bookmark: OLE_LINK129]Indicates that DL Survival Time State for the DRB.
	YES
	ignore



	Range bound
	Explanation

	maxnoofDRBs
	Maximum no. of DRBs allowed towards one UE. Value is 32. 



3GPP

[bookmark: _Toc20955408][bookmark: _Toc29991616][bookmark: _Toc36556019][bookmark: _Toc44497804][bookmark: _Toc45108191][bookmark: _Toc45901811][bookmark: _Toc51850892][bookmark: _Toc56693896][bookmark: _Toc64447440][bookmark: _Toc66286934][bookmark: _Toc74151632][bookmark: _Toc88654106]9.3.5	Information Element definitions
[bookmark: _Hlk89168732]<Unchanged Text Omitted>
	id-Cause,
	id-DLSurvivalTimeState,

<Unchanged Text Omitted>
DataForwardingInfoFromTargetE-UTRANnode-Item-ExtIEs XNAP-PROTOCOL-EXTENSION ::= {
	...
}

DLSurvivalTimeState	::= ENUMERATED {activated, deactivated, ...} 

<Unchanged Text Omitted>
DRBsSubjectToEarlyStatusTransfer-List ::= SEQUENCE (SIZE (1..maxnoofDRBs)) OF DRBsSubjectToEarlyStatusTransfer-Item

DRBsSubjectToEarlyStatusTransfer-Item ::= SEQUENCE {
	drbID				DRB-ID,
	dlCount				DLCountChoice,
	iE-Extension		ProtocolExtensionContainer { { DRBsSubjectToEarlyStatusTransfer-Item-ExtIEs} }	OPTIONAL,
	...
}

DRBsSubjectToEarlyStatusTransfer-Item-ExtIEs XNAP-PROTOCOL-EXTENSION ::= {
	{ ID id-DLSurvivalTimeState		CRITICALITY ignore	EXTENSION DLSurvivalTimeState		PRESENCE optional},
	...
}

DRBsSubjectToStatusTransfer-List ::= SEQUENCE (SIZE (1..maxnoofDRBs)) OF DRBsSubjectToStatusTransfer-Item

DRBsSubjectToStatusTransfer-Item ::= SEQUENCE {
	drbID				DRB-ID,
	pdcpStatusTransfer-UL	DRBBStatusTransferChoice,
	pdcpStatusTransfer-DL	DRBBStatusTransferChoice,
	iE-Extension		ProtocolExtensionContainer { {DRBsSubjectToStatusTransfer-Item-ExtIEs} }	OPTIONAL,
	...
}

DRBsSubjectToStatusTransfer-Item-ExtIEs XNAP-PROTOCOL-EXTENSION ::= {
	{ ID id-OldQoSFlowMap-ULendmarkerexpected	CRITICALITY reject		EXTENSION QoSFlows-List					PRESENCE optional }|
	{ ID id-DLSurvivalTimeState		CRITICALITY ignore	EXTENSION DLSurvivalTimeState		PRESENCE optional},
	...
}


DRBBStatusTransferChoice ::= CHOICE {
	pdcp-sn-12bits		DRBBStatusTransfer12bitsSN,
	pdcp-sn-18bits		DRBBStatusTransfer18bitsSN,
	choice-extension		ProtocolIE-Single-Container { {DRBBStatusTransferChoice-ExtIEs} }
}

DRBBStatusTransferChoice-ExtIEs XNAP-PROTOCOL-IES ::= {
	...
}


DRBBStatusTransfer12bitsSN ::= SEQUENCE {
	receiveStatusofPDCPSDU	BIT STRING (SIZE(1..2048))											OPTIONAL,
	cOUNTValue				COUNT-PDCP-SN12,
	iE-Extension			ProtocolExtensionContainer { {DRBBStatusTransfer12bitsSN-ExtIEs} }	OPTIONAL,
	...
}

DRBBStatusTransfer12bitsSN-ExtIEs XNAP-PROTOCOL-EXTENSION ::= {
	...
}


DRBBStatusTransfer18bitsSN ::= SEQUENCE {
	receiveStatusofPDCPSDU	BIT STRING (SIZE(1..131072))										OPTIONAL,
	cOUNTValue				COUNT-PDCP-SN18,
	iE-Extension			ProtocolExtensionContainer { {DRBBStatusTransfer18bitsSN-ExtIEs} }	OPTIONAL,
	...
}

DRBBStatusTransfer18bitsSN-ExtIEs XNAP-PROTOCOL-EXTENSION ::= {
	...
}

<Unchanged Text Omitted>
[bookmark: _Toc20955410][bookmark: _Toc29991618][bookmark: _Toc36556021][bookmark: _Toc44497806][bookmark: _Toc45108193][bookmark: _Toc45901813][bookmark: _Toc51850894][bookmark: _Toc56693898][bookmark: _Toc64447442][bookmark: _Toc66286936][bookmark: _Toc74151634][bookmark: _Toc88654108]9.3.7	Constant definitions

<Unchanged Text Omitted>
id-dataForwardingInfoFromTargetE-UTRANnode															ProtocolIE-ID ::= 252
id-DLSurvivalTimeState																										ProtocolIE-ID ::= xxx
<Unchanged Text Omitted>	

6. TP for TS 38.425
[bookmark: _Toc13919460][bookmark: _Toc36556046][bookmark: _Toc45832988][bookmark: _Toc64447467]<Unchanged Text Omitted>
[bookmark: _Toc13919454][bookmark: _Toc36556040][bookmark: _Toc45832982][bookmark: _Toc64447461]5.4.1	Transfer of Downlink User Data
[bookmark: _Toc13919455][bookmark: _Toc36556041][bookmark: _Toc45832983][bookmark: _Toc64447462]5.4.1.1	Successful operation
The purpose of the Transfer of Downlink User Data procedure is to provide NR-U specific sequence number information at the transfer of user data carrying a DL NR PDCP PDU from the node hosting the NR PDCP entity to the corresponding node.
An NR user plane protocol instance making use of the Transfer of Downlink User Data procedure is associated to a single data radio bearer only.
The node hosting the NR PDCP entity shall assign consecutive NR-U sequence numbers to each transferred NR-U packet. A retransmitted NR PDCP PDU shall be assigned a new NR-U sequence number.
The node hosting the NR PDCP entity indicates to the corresponding node whether this NR-U packet is a retransmission of NR PDCP PDU.
The node hosting the NR PDCP entity can indicate to the corresponding node to either discard all NR PDCP PDUs up to and including a defined DL discard NR PDCP PDU SN or discard one or a number of blocks of downlink NR PDCP PDUs.
If the Assistance Information Report Polling Flag is equal to 1, the corresponding node shall, if supported, send the ASSISTANCE INFORMATION DATA to the node hosting the NR PDCP entity.
The corresponding node shall detect whether an NR-U packet was lost and memorise the respective sequence number after it has declared the respective NR-U packet as being "lost".
The corresponding node shall transfer the remaining NR PDCP PDUs towards the UE and memorise the highest NR PDCP PDU sequence number of the NR PDCP PDU that was successfully delivered (as defined in TS 36.322 [6] and TS 38.322 [7]) in sequence towards the UE (in case RLC AM is used) and the highest NR PDCP PDU sequence number of the NR PDCP PDU that was transmitted to the lower layers.
The corresponding node shall send the DL DATA DELIVERY STATUS if the Report Polling Flag is set to 1 or when the NR PDCP PDU with the indicated DL report NR PDCP PDU SN has been successfully delivered, unless a situation of overload at the corresponding node is encountered. The DL DATA DELIVERY STATUS sent as a response to a specific DL report NR PDCP PDU SN shall be sent only when all PDCP PDU SNs up to this DL report NR PDCP PDU have been successfully delivered in-sequence.
[bookmark: _Hlk38974826]If the Request OutOfSeq Report is set to 1, the corresponding node shall, if supported, include the NR PDCP PDU sequence number successfully delivered out of sequence in the DL DATA DELIVERY STATUS to the node hosting the NR PDCP entity.
NOTE:	The Transfer of Downlink User Data procedure and the associated feedback of lost NR-U packets assist the node hosting the NR PDCP entity in avoiding NR PDCP HFN de-synchronisation. If a deployment decides to not use the Transfer of Downlink User Data procedure, NR PDCP HFN synchronization should be ensured by other means.
If the User data existence flag is set to 1, the corresponding node assumes that the node hosting the NR PDCP entity has some user data for the concerned data radio bearer. The corresponding node decides whether and when to use DRX for the UE (i.e. the corresponding node may indicate the UE to use DRX even if the flag is set to 1 and the received DL USER DATA frame contains no user data).
The node hosting NR PDCP may send the DL Survival Time State in the DL USER DATA. The corresponding node shall, if supported, take this information into account to determine the Survival Time state for the concerned data radio bearer. 


Figure 5.4.1.1-1: Successful Transfer of Downlink User Data
<Unchanged Text Omitted>
[bookmark: _Toc13919457][bookmark: _Toc36556043][bookmark: _Toc45832985][bookmark: _Toc64447464]5.4.2	Downlink Data Delivery Status
[bookmark: _Toc13919458][bookmark: _Toc36556044][bookmark: _Toc45832986][bookmark: _Toc64447465]5.4.2.1	Successful operation
The purpose of the Downlink Data Delivery Status procedure is to provide feedback from the corresponding node to the node hosting the NR PDCP entity to allow the node hosting the NR PDCP entity to control the downlink user data flow via the corresponding node for the respective data radio bearer. The corresponding node may also transfer uplink user data for the concerned data radio bearer to the node hosting the NR PDCP entity together with a DL DATA DELIVERY STATUS frame within the same GTP-U PDU.
The Downlink Data Delivery Status procedure is also used to provide feedback from the corresponding node to the node hosting the NR PDCP entity to allow the node hosting the NR PDCP entity to control the successful delivery of DL control data to the corresponding node.
When the corresponding node decides to trigger the feedback for Downlink Data Delivery procedure it shall report as specified in section 5.2:
a)	in case of RLC AM, the highest NR PDCP PDU sequence number successfully delivered in sequence to the UE among those NR PDCP PDUs received from the node hosting the NR PDCP entity i.e. excludes those retransmission NR PDCP PDUs;
b)	the desired buffer size in bytes for the concerned data radio bearer;
c)	optionally, the desired data rate in bytes associated with a specific data radio bearer configured for the UE;
d)	the NR-U packets that were declared as being "lost" by the corresponding node and have not yet been reported to the node hosting the NR PDCP entity within the DL DATA DELIVERY STATUS frame;
e)	if retransmission NR PDCP PDUs have been delivered, the NR PDCP PDU sequence number associated with the highest NR-U sequence number among the retransmission NR PDCP PDUs successfully delivered to the UE in sequence of NR-U sequence number;
f)	if retransmission NR PDCP PDUs have been transmitted to the lower layers, the NR PDCP PDU sequence number associated with the highest NR-U sequence number among the retransmission NR PDCP PDUs transmitted to the lower layers in sequence of NR-U sequence number;
g)	the highest NR PDCP PDU sequence number transmitted to the lower layers among those NR PDCP PDUs received from the node hosting the NR PDCP entity i.e. excludes those retransmission NR PDCP PDUs;
NOTE:	If a deployment has decided not to use the Transfer of Downlink User Data procedure, d), e) and f)  above are not applicable.
e)	in case of RLC AM, the NR PDCP PDU sequence number successfully delivered out of sequence to the UE among those NR PDCP PDUs received from the node hosting the NR PDCP entity i.e. excludes those retransmission NR PDCP PDUs.
As soon as the corresponding node detects the successful RACH access by the UE for the corresponding data radio bearer(s), the corresponding node shall send initial DL DATA DELIVERY STATUS frame to the node(s) hosting the NR PDCP entity(ies). The node hosting NR PDCP entity may start sending DL data before receiving the initial DL DATA DELIVERY STATUS frame. In case the DL DATA DELIVERY STATUS frame is sent before any NR PDCP PDU is transferred to lower layers, the information on the highest NR PDCP PDU sequence number successfully delivered in sequence to the UE and the highest NR PDCP PDU sequence number transmitted to the lower layers may not be provided.
The DL DATA DELIVERY STATUS frame shall also include a final frame indication when this frame is the last DL status report. When receiving such indication, the node hosting the NR PDCP entity considers that no more UL or DL data is expected to be transmitted between the corresponding node and the UE.
The DL DATA DELIVERY STATUS frame may also include an indication of detected radio link outage or radio link resume for the concerned data radio bearer. When receiving an indication of radio link outage detection, the node hosting the NR PDCP entity considers that traffic delivery over the data radio bearer configured for the UE is unavailable at the corresponding node both in UL and DL. When receiving an indication of radio link resume detection, the node hosting the NR PDCP entity considers that traffic delivery over the data radio bearer configured for the UE is available at the corresponding node both in UL and in DL. When receiving an indication of UL or DL radio link outage detection, the node hosting the NR PDCP entity considers that traffic delivery over the data radio bearer configured for the UE is unavailable at the corresponding node for UL or DL, depending on the indicated outage. When receiving an indication of UL or DL radio link resume detection, the node hosting the NR PDCP entity considers that traffic delivery over the data radio bearer configured for the UE is available at the corresponding node in UL or in DL, depending on the indicated resume.
The node hosting the NR PDCP entity, when receiving the DL DATA DELIVERY STATUS frame:
-	regards the desired buffer size under b) and the data rate under c) above as the amount of data to be sent from the hosting node:
-	If the value of the desired buffer size is 0, the hosting node shall stop sending any data per bearer.
-	If the value of the desired buffer size in b) above is greater than 0, the hosting node may send up to this amount of data per bearer starting from the last "Highest successfully delivered NR PDCP Sequence Number" for RLC AM if received, or the hosting node may send up to this amount of data per bearer starting from the last "Highest transmitted NR PDCP Sequence Number" for RLC UM if received.
-	The value of the desired data rate in c) above is the amount of data desired to be received in a specific amount of time. The amount of time is 1 sec.
-	The information of the buffer size in b) above and of the data rate in c) above is valid until the next DL DATA DELIVERY STATUS frame is received.
-	is allowed to remove the buffered NR PDCP PDUs of a RLC AM bearer, according to the feedback of successfully delivered NR PDCP PDUs;
-	decides upon the actions necessary to take for NR PDCP PDUs reported other than transmitted and/or successfully delivered.
In case of RLC AM, after the highest NR PDCP PDU sequence number successfully delivered in sequence is reported to the node hosting the NR PDCP entity, the corresponding node removes the respective NR PDCP PDUs. For RLC UM, the corresponding node may remove the respective NR PDCP PDUs after transmitting to lower layers.
The corresponding node may include the DL Survival Time State in the DL DATA DELIVERY STATUS frame. The node hosting the NR PDCP entity shall, if supported, take this information into account to determine the Survival Time state for the concerned data radio bearer. 


Figure 5.4.2.1-1: Successful Downlink Data Delivery Status
<Unchanged Text Omitted>
[bookmark: _Toc13919465][bookmark: _Toc36556051][bookmark: _Toc45832993][bookmark: _Toc64447472]5.5.2.1	DL USER DATA (PDU Type 0)
This frame format is defined e.g. to allow the corresponding node to detect lost NR-U packets and may be associated with the transfer of a Downlink NR PDCP PDU.
The following shows the respective DL USER DATA frame.
	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=0)
	Spare 
	DL Discard Blocks
	DL Flush
	Report polling
	1

	Spare
	DL Survival Time State Ind.
	DL Survival Time State

	Request OutofSeq Report
	[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 5.5.2.1-1: DL USER DATA (PDU Type 0) Format

<Unchanged Text Omitted>
[bookmark: _Toc13919466][bookmark: _Toc36556052][bookmark: _Toc45832994][bookmark: _Toc64447473]5.5.2.2	DL DATA DELIVERY STATUS (PDU Type 1)
This frame format is defined to transfer feedback to allow the receiving node (i.e. the node that hosts the NR PDCP entity) to control the downlink user data flow via the sending node (i.e. the corresponding node).
The following shows the respective DL DATA DELIVERY STATUS frame. The Figure shows an example of how a frame is structured when all optional IEs (i.e. those whose presence is indicated by an associated flag) are present.
Absence of such an IE changes the position of all subsequent IEs on octet level.
	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
	DL Survival Time State Ind.
	DL Survival Time State

	Delivered NR PDCP SN Range 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 successfully delivered out of sequence PDCP Sequence Number range
	0 or 1

	Start of successfully delivered out of sequence PDCP Sequence Number range
	0 or (6* Number of successfully delivered out of sequence PDCP Sequence Number range)

	End of successfully delivered out of sequence PDCP Sequence Number range
	

	Padding
	0-3



Figure 5.5.2.2-1: DL DATA DELIVERY STATUS (PDU Type 1) Format
<Unchanged Text Omitted>
[bookmark: _Toc36556098][bookmark: _Toc45833040][bookmark: _Toc64447519]5.5.3.aa	DL Survival Time State Indication
Description: This parameter indicates the presence of the DL Survival Time State.
Value range: {0= DL Survival Time State not present, 1= DL Survival Time State present}.
Field length: 1 bit.
[bookmark: _Toc36556100][bookmark: _Toc45833042][bookmark: _Toc64447521]5.5.3.bb	DL Survival Time State
Description: This field indicates the DL Survival Time State for the concerned DRB over Uu interface. If contained in the DL DATA DELIVERY STATUS frame, the node hosting PDCP entity shall, if supported, use this information to determine the Survival Time State for the concerned DRB. If contained in the DL USER DATA frame, the corresponding node shall, if supported, use this information to determine the Survival Time State for the concerned DRB.
Value range: {0= Deactivated, 1= Activated}.
Field length: 1 bit.
<Unchanged Text Omitted>
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