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Introduction
In this contribution we discuss the impact of RRCResume to PDCP. When the suspended RRC connection is resumed, the PDCP state is restored and PDCP is re-established, this way RoHC can continue operation. Below we discuss the impact of PDCP COUNT reset at RRCResume.
[bookmark: _Ref178064866]Discussion
In LTE, at RRC-suspend and RRC-resume, PDCP is not released and added, but instead PDCP is re-established. This way, parts of the PDCP state, including in particular the RoHC context, can continue operating. Hence, headers can be compressed right from the start after the RRC connection is resumed. 
Furthermore, in LTE, PDCP COUNT is reset at RRCResume, also for AM mode. COUNT reset at RRCResume is necessary, in order to flush data at the receiver that might have been buffered for a long time during the suspension period. Late delivery of this data should be avoided, since it would anyway be discarded by higher layer protocols.
In LTE, the COUNT reset is specified in PDCP, i.e. it is explicitly stated that also for AM DRBs when the stored AS context is to be used, the PDCP state variables are reset to their initial values. It is noteworthy, that LTE however did not define actions in PDCP at COUNT reset, when the reordering function in PDCP was used (for split bearers).
NR currently does not specify COUNT reset in PDCP at all, instead the current RRC draft [see Annex] states that COUNT should be reset at RRCResume. This was added to the TP to get overall understanding but in long term, reset should be defined in PDCP specification. This way, we would also align NR to LTE. In any case, what “COUNT reset” means for the PDCP specification, i.e. the reset of the state variables to their initial values, must be clarified in PDCP.   
At PDCP re-establishment with AM, retransmissions after handover are carried out in the order of previously associated COUNT values. PDU SNs for the retransmissions are assigned based on new/reset COUNT, if not continued. It must be ensured in this case that the receiver does not mix those PDUs based on old and reset COUNT in its reception and reordering procedure. Therefore, at COUNT reset, the receiver must remove all stored PDUs from PDCP and should then also stop and reset the reordering timer (there would be nothing to reorder anymore). Since compared to handover, there is no need seen at resume to retransmit old data, also in the transmitter side, all stored SDUs and PDUs should be discarded. Furthermore, this reset in PDCP must happen before new PDCP PDUs arrive in the receiver, i.e. before data transmission is resumed.
We propose the following clarification to the PDCP re-establishment procedure (compared to TS 38.323 v15.1):
5.1.2	PDCP entity re-establishment
[…]
When upper layers request a PDCP entity re-establishment, the transmitting PDCP entity shall:
-	for UM DRBs and AM DRBs, reset the header compression 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 SRBs, set TX_NEXT to the initial value;
-	for AM DRBs, if upper layers indicate stored UE AS context is used, set TX_NEXT to the initial value, and discard all stored PDCP SDUs and PDCP PDUs in the transmitting PDCP entity;
[…]
When upper layers request a PDCP entity re-establishment, the receiving PDCP entity shall:
[…]
-	for AM DRBs, perform header decompression for all stored PDCP SDUs if drb-ContinueROHC is not configured in TS 38.331 [3]; 
-	for UM DRBs and AM DRBs, reset the header compression 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 SRBs, set RX_NEXT and RX_DELIV to the initial value;
-	for AM DRBs, if upper layers indicate stored UE AS context is used, discard all PDCP SDUs stored in the receiving PDCP entity, set RX_NEXT and RX_DELIV to the initial value; and stop and reset t-reordering.
[…]
[bookmark: _Toc513538566][bookmark: _Toc513542408][bookmark: _Toc513542819]When stored UE AS is used at PDCP re-establishment (RRCResume): set state variables to their initial values, discard all stored PDUs and SDUs in transmitter and receiver, and reset t-reordering.
With the changes above to PDCP, the RRC procedures can simplified as well, i.e. COUNT reset does not need to be referred to anymore in RRC. We propose the following change (compared to TS 38.331 draft from [101bis#16]):
5.3.13.4	Reception of the RRCResume by the UE
The UE shall:
1>	stop timer T319;
1>	restore the PDCP state, reset COUNT value and re-establish PDCP entities for SRB2 and all DRBs;
1>	if drb-ContinueROHC is included:
2>	indicate to lower layers that stored UE AS context is used and that drb-ContinueROHC is configured;
2>	continue the header compression protocol context for the DRBs configured with the header compression protocol;
1>	else:
2>	indicate to lower layers that stored UE AS context is used;
2>	reset the header compression protocol context for the DRBs configured with the header compression protocol;
compression protocol;
[bookmark: _Toc513542820]Remove “reset COUNT value” from RRCResume procedure in RRC specification. Actions due to “reset COUNT” are only defined in PDCP specification.

Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	When stored UE AS is used at PDCP re-establishment (RRCResume): set state variables to their initial values, discard all stored PDUs and SDUs in transmitter and receiver, and reset t-reordering.
Proposal 2	Remove “reset COUNT value” from RRCResume procedure in RRC specification. Actions due to “reset COUNT” are only defined in PDCP specification.
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Annex current specifications: LTE
LTE RRC TS 36.331 v15.0
[bookmark: _Toc494149621]5.3.3.4a	Reception of the RRCConnectionResume by the UE
The UE shall:
1>	stop timer T300; 
1>	restore the PDCP state and re-establish PDCP entities for SRB2 and all DRBs;
1>	if drb-ContinueROHC is included:
2>	indicate to lower layers that stored UE AS context is used and that drb-ContinueROHC is configured;
2>	continue the header compression protocol context for the DRBs configured with the header compression protocol;
1>	else:
2>	indicate to lower layers that stored UE AS context is used;
2>	reset the header compression protocol context for the DRBs configured with the header compression protocol;
LTE PDCP TS 36.323 v14.2
[bookmark: _Toc477947193]5.2.1	UL Data Transfer Procedures
[bookmark: _Toc477947194]5.2.1.1	Procedures for DRBs mapped on RLC AM
When upper layers request a PDCP re-establishment, the UE shall:
-	reset the header compression protocol for uplink and start with an IR state in U-mode (if configured) [9] [11], except if upper layers indicate stored UE AS context is used and drb-ContinueROHC is configured [3];
-	if connected as an RN, apply the integrity protection algorithm and key provided by upper layers (if configured) during the re-establishment procedure;
-	if upper layers indicate stored UE AS context is used, set Next_PDCP_TX_SN, and TX_HFN to 0;
-	apply the ciphering algorithm and key provided by upper layers during the re-establishment procedure;
-	for LWA bearers, consider all PDCP SDUs submitted to the LWAAP entity as successfully delivered;
-	from the first PDCP SDU for which the successful delivery of the corresponding PDCP 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 re-establishment as specified below: 
-	perform header compression of the PDCP SDU (if configured) as specified in the subclause 5.5.4;
-	if connected as an RN, perform integrity protection (if configured) of the PDCP SDU using the COUNT value associated with this PDCP SDU as specified in the subclause 5.7;
-	perform ciphering of the PDCP SDU using the COUNT value associated with this PDCP SDU as specified in the subclause 5.6;
-	submit the resulting PDCP Data PDU to lower layer.
…
[bookmark: _Toc477947197]5.2.2	DL Data Transfer Procedures
[bookmark: _Toc477947198]5.2.2.1	Procedures for DRBs mapped on RLC AM while the reordering function is not used
When upper layers request a PDCP re-establishment while the reordering function is not used, the UE shall:
-	process the PDCP Data PDUs that are received from lower layers due to the re-establishment of the lower layers, as specified in the subclause 5.1.2.1.2;
-	reset the header compression protocol for downlink and start with NC state in U-mode (if configured) [9] [11], except if upper layers indicate stored UE AS context is used and drb-ContinueROHC is configured [3];
-	if upper layers indicate stored UE AS context is used, set Next_PDCP_RX_SN, RX_HFN to 0 and Last_submitted_PDCP_RX_SN to Maximum_PDCP_SN;
-	apply the ciphering algorithm and key provided by upper layers during the re-establishment procedure.
-	if connected as an RN, apply the integrity protection algorithm and key provided by upper layers (if configured) during the re-establishment procedure.
[bookmark: _Toc477947199]5.2.2.1a	Procedures for DRBs mapped on RLC AM while the reordering function is used
When upper layers request a PDCP re-establishment while the reordering function is used, the UE shall:
-	process the PDCP Data PDU(s) that are received from lower layers due to the re-establishment of the lower layers, as specified in the subclause 5.1.2.1.4;
-	if the PDCP entity is to be associated with one AM RLC entity after PDCP re-establishment:
-	stop and reset t-Reordering;
-	apply the ciphering algorithm and key provided by upper layers during the re-establishment procedure.

Annex current specifications: NR
NR RRC TS 38.331 draft from [101bis#16]
[bookmark: _Hlk512510712]5.3.13.4	Reception of the RRCResume by the UE
The UE shall:
1>	stop timer T319;
1>	restore the PDCP state, reset COUNT value and re-establish PDCP entities for SRB2 and all DRBs;
1>	if drb-ContinueROHC is included:
2>	indicate to lower layers that stored UE AS context is used and that drb-ContinueROHC is configured;
2>	continue the header compression protocol context for the DRBs configured with the header compression protocol;
1>	else:
2>	indicate to lower layers that stored UE AS context is used;
2>	reset the header compression protocol context for the DRBs configured with the header compression protocol;

NR PDCP TS 38.323 v15.1
[bookmark: _Toc502396819]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 section. After performing the procedures in this section, the UE shall follow the procedures in subclause 5.2.
When upper layers request a PDCP entity re-establishment, the transmitting PDCP entity shall:
-	for UM DRBs and AM DRBs, reset the header compression 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 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:
-	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.
-	for AM DRBs, 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 as specified in the subclause 5.7.4;
-	perform integrity protection and ciphering of the PDCP SDU using the COUNT value associated with this PDCP SDU as specified in the subclause 5.9 and 5.8;
-	submit the resulting PDCP Data PDU to lower layer.
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 subclause 5.2.2.1;
-	for SRBs, discard all stored PDCP SDUs and PDCP PDUs;
-	for UM DRBs, if t-Reordering is running:
- 	stop and reset t-Reordering;
-	deliver all stored PDCP SDUs to the upper layers in ascending order of associated COUNT values after performing header decompression.
-	for AM DRBs, perform header decompression for all stored PDCP SDUs if drb-ContinueROHC is not configured in TS 38.331 [3]; 
-	for UM DRBs and AM DRBs, reset the header compression 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 SRBs, 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.
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