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[bookmark: _Toc500511687][bookmark: _Toc501040585]First Modified Subclause
[bookmark: _Toc12616316][bookmark: _Toc37126927][bookmark: _Toc46492040][bookmark: _Toc46492148][bookmark: _Toc83742791]3	Definitions and abbreviations
[bookmark: _Toc12616317][bookmark: _Toc37126928][bookmark: _Toc46492041][bookmark: _Toc46492149][bookmark: _Toc83742792]3.1	Definitions
For the purposes of the present document, the terms and definitions given in 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 TR 21.905 [1].
AM DRB: a data radio bearer which utilizes RLC AM.
AM MRB: an MRB associated with at least one AM RLC bearer for PTP transmission.
DAPS bearer: a bearer whose radio protocols are located in both the source gNB and the target gNB during DAPS handover to use both source gNB and target gNB resources.
MBS Radio Bearer: a radio bearer that is configured for MBS delivery.
Non-split bearer: a bearer whose radio protocols are located in either the MgNB or the SgNB to use MgNB or SgNB resource, respectively.
NR sidelink communication: AS functionality enabling at least V2X communication as defined in TS 23.287 [13], between two or more nearby UEs, using NR technology but not traversing any network node.
PDCP data volume: the amount of data available for transmission in a PDCP entity.
Split bearer: in dual connectivity, a bearer whose radio protocols are located in both the MgNB and the SgNB to use both MgNB and SgNB resources.
Split secondary RLC entity: in dual connectivity, the RLC entity other than the primary RLC entity which is responsible for split bearer operation. If the PDCP entity is associated with two RLC entities, the split secondary RLC entity is the RLC entity other than the primary RLC entity. If the PDCP entity is associated with more than two RLC entities, the split secondary RLC entity is configured by upper layers.
UM DRB: a data radio bearer which utilizes RLC UM.
UM MRB: an MRB associated with only RLC UM.
[bookmark: _Toc12616318][bookmark: _Toc37126929][bookmark: _Toc46492042][bookmark: _Toc46492150][bookmark: _Toc83742793]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in 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 TR 21.905 [1].
AM	Acknowledged Mode
CID	Context Identifier
DAPS	Dual Active Protocol Stack
DRB	Data Radio Bearer carrying user plane data
EHC	Ethernet Header Compression
gNB	NR Node B
HFN	Hyper Frame Number
IETF	Internet Engineering Task Force
IP	Internet Protocol
MAC	Medium Access Control
MAC-I	Message Authentication Code for Integrity
MBS	Multicast/Broadcast Services
MRB	MBS Radio Bearer
MTCH	MBS Traffic Channel
PDCP	Packet Data Convergence Protocol
PDU	Protocol Data Unit
RB	Radio Bearer
RFC	Request For Comments
RLC	Radio Link Control
ROHC	RObust Header Compression
RRC	Radio Resource Control
RTP	Real Time Protocol
SAP	Service Access Point
SCCH	Sidelink Control Channel
SDU	Service Data Unit
SLRB	Sidelink Radio Bearer carrying NR sidelink communication
SN	Sequence Number
SRB	Signalling Radio Bearer carrying control plane data
STCH	Sidelink Traffic Channel
TCP	Transmission Control Protocol
UDP	User Datagram Protocol
UE	User Equipment
[bookmark: Signet45]UM	Unacknowledged Mode
X-MAC	Computed MAC-I
[bookmark: _Toc12616322][bookmark: _Toc37126933][bookmark: _Toc46492046][bookmark: _Toc46492154][bookmark: _Toc83742797]
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4.2.1	PDCP structure
Figure 4.2.1.1 represents one possible structure for the PDCP sublayer; it should not restrict implementation. The figure is based on the radio interface protocol architecture defined in TS 38.300 [2].


Figure 4.2.1-1: PDCP layer, structure view
The PDCP sublayer is configured by upper layers TS 38.331 [3]. The PDCP sublayer is used for RBs mapped on DCCH, DTCH, MTCH, SCCH, and STCH type of logical channels. The PDCP sublayer is not used for any other type of logical channels.
Each RB (except for SRB0 for Uu interface) is associated with one PDCP entity. Each PDCP entity is associated with one, two, three, four, six, or eight RLC entities depending on the RB characteristic (e.g. uni-directional/bi-directional or split/non-split) or RLC mode:
-	For split bearers, each PDCP entity is associated with two UM RLC entities (for same direction), four UM RLC entities (two for each direction), or two AM RLC entities;
-	For RBs configured with PDCP duplication, each PDCP entity is associated with N UM RLC entities (for same direction), 2 × N UM RLC entities (N for each direction), or N AM RLC entities, where 2 <= N <= 4;
-	For DAPS bearers, each PDCP entity is associated with two UM RLC entities (for same direction, one for source and one for target cell), four UM RLC entities (two for each direction on source cell and target cell), or two AM RLC entities (one for source cell and one for target cell);
-	For UM MRBs, each PDCP entity is associated with one UM RLC entity (for MTCH or for downlink DTCH), two UM RLC entities (one for MTCH and one for downlink DTCH, or one for downlink DTCH and one for uplink DTCH), or three UM RLC entities (one for MTCH, one for downlink DTCH, and one for uplink DTCH);
-	For AM MRBs, each PDCP entity is associated with one AM RLC entity (for downlink DTCH and uplink DTCH), or one UM RLC entity (for MTCH) and one AM RLC entity (for downlink DTCH and uplink DTCH);
-	Otherwise, each PDCP entity is associated with one UM RLC entity, two UM RLC entities (one for each direction), or one AM RLC entity.
[bookmark: _Toc12616323][bookmark: _Toc37126934][bookmark: _Toc46492047][bookmark: _Toc46492155][bookmark: _Toc83742798]4.2.2	PDCP entities
The PDCP entities are located in the PDCP sublayer. Several PDCP entities may be defined for a UE. Each PDCP entity is carrying the data of one radio bearer. A PDCP entity is associated either to the control plane or the user plane depending on which radio bearer it is carrying data for.
Figure 4.2.2.-1 represents the functional view of the PDCP entity for the PDCP sublayer; it should not restrict implementation. The figure is based on the radio interface protocol architecture defined in TS 38.300 [2].
For split bearers and DAPS bearers, routing is performed in the transmitting PDCP entity.
A PDCP entity associated with DRB/MRB can be configured by upper layers TS 38.331 [3] to use header compression. In this version of the specification, the robust header compression protocol (ROHC) and the Ethernet header compression protocol (EHC) are supported. Each header compression protocol is independently configured for a DRB/MRB.


Figure 4.2.2-1: PDCP layer, functional view
[bookmark: _Toc12616324]Figure 4.2.2-2 represents the functional view of the PDCP entity associated with the DAPS bearer for the PDCP sublayer; it should not restrict implementation. The figure is based on the radio interface protocol architecture defined in TS 38.300 [2].
For DAPS bearers, the PDCP entity is configured with two sets of security functions and keys and two sets of header compression protocols.


Figure 4.2.2-2: PDCP layer associated with DAPS bearer, functional view
[bookmark: _Toc12616331][bookmark: _Toc37126942][bookmark: _Toc46492055][bookmark: _Toc46492163][bookmark: _Toc83742806]
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5.1.2	PDCP entity re-establishment
When upper layers request a PDCP entity re-establishment, the UE shall additionally perform once the procedures described in this clause for Uu or PC5 interface. After performing the procedures in this clause, the UE shall follow the procedures in clause 5.2.
When upper layers request a PDCP entity re-establishment, the transmitting PDCP entity shall:
-	for UM DRBs and AM DRBs, reset the ROHC protocol for uplink and start with an IR state in U-mode (as defined in RFC 3095 [8] and RFC 4815 [9]) if drb-ContinueROHC is not configured in TS 38.331 [3];
-	for UM DRBs and AM DRBs, reset the EHC protocol for uplink if drb-ContinueEHC-UL is not configured in TS 38.331 [3];
-	for UM DRBs and SRBs, set TX_NEXT to the initial value;
-	for SRBs, discard all stored PDCP SDUs and PDCP PDUs;
-	apply the ciphering algorithm and key provided by upper layers during the PDCP entity re-establishment procedure;
-	apply the integrity protection algorithm and key provided by upper layers during the PDCP entity re-establishment procedure;
-	for UM DRBs, for each PDCP SDU already associated with a PDCP SN but for which a corresponding PDU has not previously been submitted to lower layers, and;
-	for AM DRBs for Uu interface whose PDCP entities were suspended, from the first PDCP SDU for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by lower layers, for each PDCP SDU already associated with a PDCP SN:
-	consider the PDCP SDUs as received from upper layer;
-	perform transmission of the PDCP SDUs in ascending order of the COUNT value associated to the PDCP SDU prior to the PDCP re-establishment without restarting the discardTimer, as specified in clause 5.2.1;
-	for AM DRBs whose PDCP entities were not suspended, from the first PDCP SDU for which the successful delivery of the corresponding PDCP Data PDU has not been confirmed by lower layers, perform retransmission or transmission of all the PDCP SDUs already associated with PDCP SNs in ascending order of the COUNT values associated to the PDCP SDU prior to the PDCP entity re-establishment as specified below:
-	perform header compression of the PDCP SDU using ROHC as specified in the clause 5.7.4 and/or using EHC as specified in the clause 5.12.4;
-	perform integrity protection and ciphering of the PDCP SDU using the COUNT value associated with this PDCP SDU as specified in the clause 5.9 and 5.8;
-	submit the resulting PDCP Data PDU to lower layer, as specified in clause 5.2.1.
When upper layers request a PDCP entity re-establishment, the receiving PDCP entity shall:
[bookmark: Signet15]-	process the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers, as specified in the clause 5.2.2.1;
-	for SRBs, discard all stored PDCP SDUs and PDCP PDUs;
-	for SRBs and, UM DRBs and UM MRBs, if t-Reordering is running:
-	stop and reset t-Reordering;
-	for UM DRBs and UM MRBs, deliver all stored PDCP SDUs to the upper layers in ascending order of associated COUNT values after performing header decompression;
-	for AM DRBs and AM MRBs for Uu interface, perform header decompression using ROHC for all stored PDCP SDUs if drb-ContinueROHC is not configured in TS 38.331 [3];
-	for AM DRBs for PC5 interface, perform header decompression using ROHC for all stored PDCP IP SDUs;
-	for AM DRBs and AM MRBs for Uu interface, perform header decompression using EHC for all stored PDCP SDUs if drb-ContinueEHC-DL is not configured in TS 38.331 [3];
-	for UM DRBs and, AM DRBs, UM MRBs and AM MRBs, reset the ROHC protocol for downlink and start with NC state in U-mode (as defined in RFC 3095 [8] and RFC 4815 [9]) if drb-ContinueROHC is not configured in TS 38.331 [3];
-	for UM DRBs and, AM DRBs, UM MRBs and AM MRBs, reset the EHC protocol for downlink if drb-ContinueEHC-DL is not configured in TS 38.331 [3];
-	for UM DRBs and, SRBs and UM MRBs, set RX_NEXT and RX_DELIV to the initial value;
-	apply the ciphering algorithm and key provided by upper layers during the PDCP entity re-establishment procedure;
-	apply the integrity protection algorithm and key provided by upper layers during the PDCP entity re-establishment procedure.
[bookmark: _Toc12616332][bookmark: _Toc37126943]NOTE:	After PDCP re-establishment on a sidelink ‎SRB/DRB, UE determines when to transmit and receive with the new key and discard the old key as specified in TS ‎‎33.536 [14].‎
[bookmark: _Toc46492056][bookmark: _Toc46492164][bookmark: _Toc83742807]5.1.3	PDCP entity release
When upper layers request a PDCP entity release for a radio bearer for Uu or PC5 interface, the UE shall:
-	discard all stored PDCP SDUs and PDCP PDUs in the transmitting PDCP entity;
-	for UM DRBs and, AM DRBs, UM MRBs and AM MRBs, deliver the PDCP SDUs stored in the receiving PDCP entity to upper layers in ascending order of associated COUNT values after performing header decompression, if not decompressed before;
-	release the PDCP entity for the radio bearer.
[bookmark: _Toc12616333]NOTE:	For NR sidelink communication for groupcast and broadcast, the receiving PDCP entity release for an SLRB is up to UE implementation.
[bookmark: _Toc12616342][bookmark: _Toc37126956][bookmark: _Toc46492069][bookmark: _Toc46492177][bookmark: _Toc83742820]
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5.4.1	Transmit operation
For AM DRBs configured by upper layers to send a PDCP status report in the uplink (statusReportRequired in TS 38.331 [3]), the receiving PDCP entity shall trigger a PDCP status report when:
-	upper layer requests a PDCP entity re-establishment;
-	upper layer requests a PDCP data recovery;
-	upper layer requests a uplink data switching;
-	upper layer reconfigures the PDCP entity to release DAPS and daps-SourceRelease is configured in TS 38.331 [3].
For UM DRBs configured by upper layers to send a PDCP status report in the uplink (statusReportRequired in TS 38.331 [3]), the receiving PDCP entity shall trigger a PDCP status report when:
-	upper layer requests a uplink data switching.
For AM DRBs in the sidelink, the receiving PDCP entity shall trigger a PDCP status report when:
-	upper layer requests a PDCP entity re-establishment.
For AM MRBs configured by upper layers to send a PDCP status report in the uplink (statusReportRequired in TS 38.331 [3]), the receiving PDCP entity shall trigger a PDCP status report when:
-	upper layer requests a PDCP entity re-establishment;
-	upper layer requests a PDCP data recovery.
If a PDCP status report is triggered, the receiving PDCP entity shall:
-	compile a PDCP status report as indicated below by:
-	setting the FMC field to RX_DELIV;
-	if RX_DELIV < RX_NEXT:
-	allocating a Bitmap field of length in bits equal to the number of COUNTs from and not including the first missing PDCP SDU up to and including the last out-of-sequence PDCP SDUs, rounded up to the next multiple of 8, or up to and including a PDCP SDU for which the resulting PDCP Control PDU size is equal to 9000 bytes, whichever comes first;
-	setting in the bitmap field as '0' for all PDCP SDUs that have not been received, and optionally PDCP SDUs for which decompression have failed;
-	setting in the bitmap field as '1' for all PDCP SDUs that have been received;
-	submit the PDCP status report to lower layers as the first PDCP PDU for transmission via the transmitting PDCP entity as specified in clause 5.2.1 for Uu interface and in clause 5.2.3 for PC5 interface.

Next  Modificatcion 

[bookmark: _Toc12616348][bookmark: _Toc37126962][bookmark: _Toc46492075][bookmark: _Toc46492183][bookmark: _Toc83742826]5.7.2	Configuration of ROHC
PDCP entities associated with DRBs and MRBs can be configured by upper layers TS 38.331 [3] to use ROHC. Each PDCP entity carrying user plane data may be configured to use ROHC. PDCP entities associated with sidelink DRBs can be configured to use ROHC for IP SDUs. For DRBs and MRBs other than DAPS bearers, the PDCP entity uses at most one ROHC compressor instance and at most one ROHC decompressor instance. For DAPS bearers, the PDCP entity uses at most one ROHC compressor instance (i.e. use the ROHC compressor instance for source cell before uplink data switching, and use the ROHC compressor instance for target cell after uplink data switching) and at most two ROHC decompressor instances.
[bookmark: _Toc37126977][bookmark: _Toc46492090][bookmark: _Toc46492198][bookmark: _Toc83742841]
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5.12.2	Configuration of EHC
PDCP entities associated with DRBs and MRBs can be configured by upper layers TS 38.331 [3] to use EHC. Each PDCP entity carrying user plane data may be configured to use EHC. Every PDCP entity uses at most one EHC compressor instance and at most one EHC decompressor instance.
[bookmark: _Toc37126984][bookmark: _Toc46492097][bookmark: _Toc46492205][bookmark: _Toc83742848]
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5.12.7	Simultaneous configuration of ROHC and EHC
If both ROHC and EHC are configured for a DRB/MRB, the ROHC header shall be located after the EHC header. Figure 5.12.7-1 shows the location of the ROHC header and the EHC header in a PDCP Data PDU.


Figure 5.12.7-1: Location of ROHC header and EHC header in a PDCP Data PDU
If a PDCP SDU including non-IP Ethernet packet is received from upper layers, the EHC compressor shall bypass the ROHC compressor and submit the EHC compressed non-IP Ethernet packet to lower layers according to clause 5.2.1.
If a PDCP Data PDU including non-IP Ethernet packet is received from lower layers, the EHC decompressor shall bypass the ROHC decompressor and deliver the EHC decompressed non-IP Ethernet packet to upper layers according to clause 5.2.2.
[bookmark: _Toc12616369][bookmark: _Toc37126994][bookmark: _Toc46492107][bookmark: _Toc46492215][bookmark: _Toc83742858]
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6.2.2.2	Data PDU for DRBs and MRBs with 12 bits PDCP SN
Figure 6.2.2.2-1 shows the format of the PDCP Data PDU with 12 bits PDCP SN. This format is applicable for UM DRBs and, AM DRBs, UM MRBs and AM MRBs.


Figure 6.2.2.2-1: PDCP Data PDU format with 12 bits PDCP SN
[bookmark: _Toc12616370][bookmark: _Toc37126995][bookmark: _Toc46492108][bookmark: _Toc46492216][bookmark: _Toc83742859]6.2.2.3	Data PDU for DRBs and MRBs with 18 bits PDCP SN
Figure 6.2.2.3-1 shows the format of the PDCP Data PDU with 18 bits PDCP SN. This format is applicable for UM DRBs and, AM DRBs, UM MRBs and AM MRBs.


Figure 6.2.2.3-1: PDCP Data PDU format for DRBs with 18 bits PDCP SN
[bookmark: _Toc12616372][bookmark: _Toc37126998][bookmark: _Toc46492114][bookmark: _Toc46492222][bookmark: _Toc83742865]
Next  Modificatcion 
6.2.3.1	Control PDU for PDCP status report
Figure 6.2.3.1-1 shows the format of the PDCP Control PDU carrying one PDCP status report. This format is applicable for UM DRBs and, AM DRBs (including sidelink DRBs for unicast) and AM MRBs.


Figure 6.2.3.1-1: PDCP Control PDU format for PDCP status report
[bookmark: _Toc12616373][bookmark: _Toc37126999][bookmark: _Toc46492115][bookmark: _Toc46492223][bookmark: _Toc83742866]6.2.3.2	Control PDU for interspersed ROHC feedback
Figure 6.2.3.2-1 shows the format of the PDCP Control PDU carrying one interspersed ROHC feedback. This format is applicable for UM DRBs and, AM DRBs (including sidelink DRBs for unicast), UM MRBs and AM MRBs.


Figure 6.2.3.2-1: PDCP Control PDU format for interspersed ROHC feedback
[bookmark: _Toc37127000][bookmark: _Toc46492116][bookmark: _Toc46492224][bookmark: _Toc83742867][bookmark: _Toc12616374]6.2.3.3	Control PDU for EHC feedback
Figure 6.2.3.3-1 shows the format of the PDCP Control PDU carrying one EHC feedback. This format is applicable for UM DRBs and, AM DRBs, UM MRBs and AM MRBs.


Figure 6.2.3.3-1: PDCP Control PDU format for EHC feedback
[bookmark: _Toc12616376][bookmark: _Toc37127003][bookmark: _Toc46492119][bookmark: _Toc46492227][bookmark: _Toc83742870]
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6.3.2	PDCP SN
Length: 12 or 18 bits as indicated in table 6.3.2-1. The length of the PDCP SN is configured by upper layers (pdcp-SN-SizeUL, pdcp-SN-SizeDL, or sl-PDCP-SN-Size in TS 38.331 [3]).
Table 6.3.2-1: PDCP SN length
	Length
	Description

	12
	UM DRBs, AM DRBs, and SRBs (including sidelink DRBs and sidelink SRBs), UM MRBs and AM MRBs

	18
	UM DRBs, and AM DRBs (including sidelink DRBs for unicast), UM MRBs and AM MRBs



NOTE:	For NR sidelink communication for groupcast and broadcast, only 12 bits PDCP SN length is used for the sidelink DRBs.
[bookmark: _Toc12616379][bookmark: _Toc37127006][bookmark: _Toc46492122][bookmark: _Toc46492230][bookmark: _Toc83742873]
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6.3.5	COUNT
Length: 32 bits
The COUNT value is composed of a HFN and the PDCP SN. The size of the HFN part in bits is equal to 32 minus the length of the PDCP SN. For MRB, HFN with a reference SN can be provided by upper layers. If provided, the initial value of HFN is set according to the HFN and the reference SN. Otherwise, the initial value of HFN is set by UE implementation.
NOTE:	For MRB,  the provisioning of HFN from the upper layer may cause HFN desynchronization. It is up to UE implementation to prevent HFN desynchronization by using the reference PDCP SN associated to the HFN.


Figure 6.3.5-1: Format of COUNT
NOTE:	COUNT does not wrap around.
[bookmark: _Toc12616387][bookmark: _Toc37127015][bookmark: _Toc46492132][bookmark: _Toc46492240][bookmark: _Toc83742883]
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7.1	State variables
[bookmark: Signet14]This clause describes the state variables used in PDCP entities in order to specify the PDCP protocol. The state variables defined in this clause are normative.
All state variables are non-negative integers, and take values from 0 to [232 – 1].
PDCP Data PDUs are numbered integer sequence numbers (SN) cycling through the field: 0 to [2[pdcp-SN-SizeUL] – 1] or 0 to [2[pdcp-SN-SizeDL] – 1] or 0 to [2[sl-PDCP-SN-Size] – 1].
The transmitting PDCP entity shall maintain the following state variables:
a)	TX_NEXT
This state variable indicates the COUNT value of the next PDCP SDU to be transmitted. The initial value is 0, except for SRBs configured with state variables continuation. For target SRB configured with state variables continuation, the initial value is the value stored in PDCP entity for the corresponding source SRB. For source SRB configured with state variables continuation, the initial value is the value stored in PDCP entity for the corresponding target SRB.
The receiving PDCP entity shall maintain the following state variables:
a)	RX_NEXT
This state variable indicates the COUNT value of the next PDCP SDU expected to be received. The initial value is 0, except for sidelink broadcast and groupcast, and for SRBs configured with state variables continuation, and for MRBs. For NR sidelink communication for broadcast and groupcast, the initial value of the SN part of RX_NEXT is (x +1) modulo (2[sl-PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU. For MRBs, the initial value of the SN part of RX_NEXT is (x +1) modulo (2[PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU. For target SRB configured with state variables continuation, the initial value is the value stored in PDCP entity for the corresponding source SRB. For source SRB configured with state variables continuation, the initial value is the value stored in PDCP entity for the corresponding target SRB.
NOTE:	For NR sidelink communication for broadcast and groupcast, it is up to UE implementation to select the HFN part for RX_NEXT such that initial value of RX_DELIV should be a positive value.
b)	RX_DELIV
This state variable indicates the COUNT value of the first PDCP SDU not delivered to the upper layers, but still waited for. The initial value is 0, except for sidelink broadcast and groupcast, and for SRBs configured with state variables continuation, and for MRBs. For NR sidelink communication for broadcast and groupcast, the initial value of the SN part of RX_DELIV is (x – 0.5 × 2[sl-PDCP-SN-Size–1]) modulo (2[sl-PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU. For MRBs, the initial value of the SN part of RX_DELIV is set to (x – 0.5 × 2[PDCP-SN-Size–1]) modulo (2[PDCP-SN-Size]), where x is the SN of the first received PDCP Data PDU. For target SRB configured with state variables continuation, the initial value is the value stored in PDCP entity for the corresponding source SRB. For source SRB configured with state variables continuation, the initial value is the value stored in PDCP entity for the corresponding target SRB.

c)	RX_REORD
This state variable indicates the COUNT value following the COUNT value associated with the PDCP Data PDU which triggered t-Reordering. For target SRB configured with state variables continuation, the initial value is the value stored in PDCP entity for the corresponding source SRB. For source SRB configured with state variables continuation, the initial value is the value stored in PDCP entity for the corresponding target SRB.
[bookmark: _GoBack]
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