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1 Introduction
Continuing ROHC context was introduced for Release 11 not to reset ROHC context during handover. This feature was decided to be applied as well for suspend/resume in Release 13. 
NR PDCP specification captured this feature in the latest version. However, the behaviour is different from LTE which shall not be the intention.
This contribution analyse how this feature works in LTE and discuss whether the same mechanism shall be applied to NR. 
2  Discussion
2.1 ROHC context continuation in LTE  
In Rel-11, new IE drb-ContinueROHC is introduced in mobilityControlInfo. The intention is to enable ROHC context continuation upon intra-ENB handover to avoid unnecessary full header transmission/reception. During the discussion, it was point out that inefficient ROHC context update could happen in AM bearer, if ROHC context continue, due to PDCP SDU retransmission. RAN2 decided to apply this feature only for UM bearer. See Annex 5.2 for the details on ROHC context mismatch. See Annex 5.3 for the relevant part of LTE specification. 

Observation 1: In LTE, ROHC context continuation upon intra-ENB handover is limited to RLC UM bearer only.

In Rel-13, RRC suspend/resume mechanism was introduced. Along with it, ROHC context continuation upon resumption was also decided to be supported. Unlike handover, PDCP SDU retransmission does not occur. RAN2 decided to support ROHC context continuation both for RLC UM bearers and RLC AM bearers. See Annex 5.2 and Annex 5.3 for more details. 
Observation 2: In LTE, ROHC context continuation upon RRC connection resumption is applied to both RLC AM bearers and RLC UM bearers. 

2.2 ROHC context continuation in NR  
The latest version of TS38.323 applies ROHC context continuation to both RLC UM bearers and RLC AM bearers. See Annex 5.2 for details. 

Observation 3: In the latest version of TS38.323, ROHC context continuation upon handover is applied to both RLC UM bearers and RLC AM bearers  

However the problem from applying the ROHC context continuation still exists in NR because NR PDCP inherits PDCP retransmission. The latest version of TS38.323 does not consider RRC connection resumption case yet. RAN2 needs to discuss following two points.
1: Whether ROHC context continuation upon handover shall be extended to RLC AM bearers

2: How to model ROHC context continuation upon resumption. Only for RLC UM, or both for RLC UM and RLC AM.

Table below lists up possible solutions
	
	ROHC continuation applicable to
	Note

	Solution 1
	Handover: only RLC UM bearer 
Resumption: both RLC UM bearer and RLC AM bearer 
	Aligned with LTE principle

	Solution 2
	Handover: both RLC UM bearer and RLC AM bearer

Resumption: both RLC UM bearer and RLC AM bearer
	Handover case is aligned with the current 38.323
Inefficient context update problem shall be resolved

	Solution 3
	Handover: only RLC UM bearer

Resumption: only RLC UM bearer
	Can be considered simplest


Solution 1 and solution 3 are feasible in a sense they do not cause context mismatch problem. Solution 2 requires further discussion on how to address the problem. Even though solution 3 can be considered simpler than solution 1, it seems not justifying deviation from LTE principles.
Proposal 1: ROHC continuation is applicable only to RLC UM bearer when PDCP is reestablished and the stored AS context is not used (i.e. normal handover with PDCP reestablishment). 
Proposal 2: ROHC continuation is applicable to both RLC UM bearer and RLC AM bearer when PDCP is reestablished and the stored AS context is used (i.e. resumption)

3 Conclusion

In this contribution, we provide our view on continuation of ROHC context to discuss the following proposals:

Proposal 1: ROHC continuation is applicable only to RLC UM bearer when PDCP is reestablished and the stored AS context is not used (i.e. normal handover with PDCP reestablishment). 

Proposal 2: ROHC continuation is applicable to both RLC UM bearer and RLC AM bearer when PDCP is reestablished and the stored AS context is used (i.e. resumption)

4 Annex
4.1 TP for 38.323

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, 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 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]) except if upper layers indicate stored UE AS context is used and drb-ContinueROHC is 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:

-
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 SRBs and UM DRBs, if t-Reordering is running:

-
stop and reset t-Reordering;

-
for UM DRBs, 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, 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 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]) except if upper layers indicate stored UE AS context is used and drb-ContinueROHC is 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.
4.2 Inefficient Context Update problem

If PDCP retransmission and ROCH context continuation occur together, out-of-sequence reception of PDCP SDUs is inevitable which could result in updating ROHC context inappropriately. 

For example, before handover, PDCP PDU/SDUs are as below.
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Compressed by context 1
	Not compressed yet

	Transmitted before reestablishment
	Not transmitted yet

	Tx failure
	Tx success
	N/A


During handover, PDCP SDU 1 and PDCP SDU 2 shall be transmitted again in the target cell. The problem is they are compressed by ROHC context updated by PDCP SDU 5.

	1
	2
	3
	4
	5
	6
	7
	8
	9
	10

	Transmitted
	

Not transmitted
	Transmitted

	Compressed by context 1 (last updated by 5)
	Compressed by context 1 (last updated by 2)


The ROHC compression context is updated by out-of-ordered packets due to retransmission. This will lead to inefficient header compression. 
4.3 Current specifications

TS36.323 v15.1.0
5.2
Re-establishment procedure
5.2.1
UL Data Transfer Procedures

For LWA bearers, the UE shall use the procedures corresponding to the associated RLC entity below.

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];

5.2.1.2
Procedures for DRBs mapped on RLC UM
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 [9] [11] if the DRB is configured with the header compression protocol and drb-ContinueROHC is not configured [3];

5.2.2
DL Data Transfer Procedures
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];

5.2.2.2
Procedures for DRBs mapped on RLC UM
When upper layers request a PDCP re-establishment, 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 5.1.2.1.3;
-
reset the header compression protocol for downlink and start with NC state in U-mode [9] [11] if the DRB is configured with the header compression protocol and drb-ContinueROHC is not configured [3];

-
set Next_PDCP_RX_SN, and RX_HFN to 0;
-
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.

TS 38.323 v15.1.0
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];
…
When upper layers request a PDCP entity re-establishment, the receiving PDCP entity 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 5.2.2.1;

-
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;
