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1. Introduction
In LTE R15, UDC mechanism has been introduced to cope with the uplink capacity improvement and uplink coverage vulnerability [1]. UDC can not only achieve high compression gain and increase uplink capacity, but also reduce latency. In spite of the benefits of UDC, there are still some restrictions about the usage of UDC. According to the principle of UDC, the packets handled by UDC decompression should be strictly with the same order as they are performed by UDC compression. UDC can only be configured for the DRB with RLC AM. In order to avoid incurring new issues, it was agreed that UDC configuration is not used for split and LWA DRBs in RAN2 #101 meeting [2].
When it comes to NR, split bearer can be configured in MR-DC architecture. For example, split bearer can be used to implement PDCP duplication in DC case for services with extremely high reliability and low latency requirements. It is beneficial to improve resource efficiency if UDC can be used in such case. In this contribution, we will further discuss whether split bearers can be configured with UDC in NR.

2. Discussion
In LTE, the reordering function is performed in RLC layer. In the receiving PDCP entity configured with UDC, all packets have already been arranged in order before performing UDC decompression. Compared with LTE, in NR specs, the reordering function has been moved from RLC layer to PDCP layer. Besides, when a DRB is established, it can be configured with out-of-order delivery or in-order delivery. For a DRB configured with in-order delivery, in the receiving PDCP entity, all resulting PDCP SDUs after deciphering and integrity verification will be stored in the reception buffer and delivered to upper layers only after reordering function has been performed. Otherwise, for a DRB configured with out-of-order delivery, all resulting PDCP SDUs will be directly delivered to upper layers. The above operations are common to all bearer types, including split bearer.
Observation 1: For a DRB with any bearer type, reordering function will be perform when out-of-order delivery is not configured.

In NR, RoHC can be configured for a DRB when out-of-order delivery is not configured. According to NR PDCP spec [3], RoHC header decompression of packets is performed after reordering. Similarly, it is rational that UDC decompression can work after reordering function.
In MR-DC, bearer type change may be performed for a DRB, e.g., through handover procedure or SN change procedure. Based on the following Table 1 in section 5 Annex about L2 handling for bearer type, which is excerpted from TS 37.340 [4], it is found that PDCP may be re-established, recovered or reconfigured for bearer type change. In the following part, we will further analyse whether bearer type change involving split bearer will impact UDC.
Bearer type change which requires PDCP re-establishment

For bearer type change involving split bearer with security key change, PDCP re-establishment is performed. This type of bearer type change includes MCG/SCG/split bearer to split bearer with key change, and split bearer to MCG/SCG bearer with key change. Considering the case where a bearer configured with UDC should perform bearer type change, and PDCP re-establishment is required.

In LTE, during PDCP re-establishment procedure, the compression buffer at the UE side will be reset. And the transmitting PDCP entity performs retransmission or transmission of all the PDCP SDUs already associated with PDCP SNs in ascending order of the previously associated COUNT values, from the first PDCP SDU for which the successful delivery of the corresponding PDCP SDU has not been acknowledged by lower layers. The PDCP SDUs will perform UDC compression and ciphering between transmissions. Since the receiving PDCP entity performing UDC decompression locates at the eNB side, the specific operations during PDCP re-establishment will be up to NW’s implementation. Reasonably, the eNB should also reset the UDC decompression buffer, and all packets ciphered by new security key should be performed by UDC decompression model. Anyway, in LTE, UDC can still work during and after PDCP re-establishment, based on the above procedure. 
In NR, we think UDC can also work during bearer type change involving split bearer which requires PDCP re-establishment, if similar procedures as LTE are performed.
Observation 2: UDC can work during bearer type change involving split bearer which requires PDCP re-establishment.
Bearer type change which requires PDCP recovery
Bearer type change involving split bearer that requires PDCP recovery includes split bearer to MCG/SCG bearer without key change. In such case, the RLC entity in SN/MN side will be released.
During PDCP data recovery, the transmitting PDCP entity of an AM DRB will perform retransmission of all the PDCP data PDUs previously transmitted to the released AM RLC entity in ascending order of the associated COUNT values, for which the successful delivery has not been confirmed by lower layers. These PDCP data PDUs are packets that have already been constructed, and UDC compression and security protection have been performed. During about procedure, UDC compression buffer is not touched. For the receiving PDCP entity, there may exist some gaps in the reception buffer due to some PDCP data PDUs missed during the recovery procedure. The retransmitted PDCP data PDUs by the UE will fill all these gaps, and packets stored in the reception buffer will perform UDC decompression after reordering. From the perspective of UDC decompression model, the handled packets have already been arranged in the same order as they perform UDC compression. Based on the above procedure, UDC function is not affected during bearer type change which requires PDCP recovery.
Observation 3: UDC operation is not affected during bearer type change involving split bearer which requires PDCP recovery.
Bearer type change which requires PDCP reconfiguration
Bearer type change involving split bearer that requires PDCP reconfiguration includes MCG/SCG bearer to split bearer without key change. In such case, a new MCG/SCG RLC entity will be established and associated to the PDCP entity. The newly generated PDCP data PDUs can be sent to the added RLC entity. But all the operations of the PDCP entity before routing function are absolutely not influenced. UDC is not affected by this type of bearer change.
In LTE UDC, the configuration related to split DRB has the similar definition as RoHC/uplink-only RoHC, and the relevant text can be found below.
	headerCompression

E-UTRAN does not reconfigure header compression for an MCG DRB except for upon handover and upon the first reconfiguration after RRC connection re-establishment. E-UTRAN does not reconfigure header compression for a SCG DRB except for upon SCG change involving PDCP re-establishment. For split and LWA DRBs E-UTRAN configures only notUsed. E-UTRAN only configures this field when neither uplinkOnlyHeaderCompression nor uplinkDataCompression is configured.
If headerCompression is configured, the UE shall apply the configured ROHC profile(s) in both uplink and downlink.


	uplinkDataCompression

Indicates the UDC configuration that the UE shall apply. E-UTRAN does not configure uplinkDataCompression for a DRB, if headerCompression or uplinkOnlyHeaderCompression is already configured for the DRB. E-UTRAN does not configure uplinkDataCompression for the split and LWA DRBs.The maximum number of DRBs where uplinkDataCompression can be applied is two. In this version of the specification, for existing DRBs, E-UTRAN can only configure uplinkDataCompression via handover procedure.

	uplinkOnlyHeaderCompression

Indicates the ROHC configuration that the UE shall apply uplink-only ROHC operations, see TS 36.323 [8]. E-UTRAN only configures this field when headerCompression is not configured.
E-UTRAN does not reconfigure header compression for an MCG DRB except for upon handover and upon the first reconfiguration after RRC connection re-establishment. E-UTRAN does not reconfigure header compression for a SCG DRB except for upon SCG change involving PDCP re-establishment. For split and LWA DRBs E-UTRAN configures only notUsed.


In NR, for RoHC, it has some differences compared with LTE, e.g. the text highlighted in yellow shown below. We think NR UDC can follow the two parts.
	headerCompression

If rohc is configured, the UE shall apply the configured ROHC profile(s) in both uplink and downlink. If uplinkOnlyROHC is configured, the UE shall apply the configure ROHC profile(s) in uplink (there is no header compression in downlink). ROHC can be configured for any bearer type. The network reconfigures headerCompression only upon reconfiguration involving PDCP re-establishment.  Network configures headerCompression to notUsed when outOfOrderDelivery is configured.


Proposal 1: It is proposed RAN2 to agree that NR UDC can be configured for any bearer type, and network does not configure UDC when outOfOrderDelivery is configured.
3. Conclusion
In this contribution, we discuss the configuration of NR UDC for split bearer, and we have the following observations:
Observation 1: For a DRB with any bearer type, reordering function will be perform when out-of-order delivery is not configured.
Observation 2: UDC can work during bearer type change involving split bearer which requires PDCP re-establishment.
Observation 3: UDC operation is not affected during bearer type change involving split bearer which requires PDCP recovery.
In current NR spec 38.331, RoHC can be configured for any bearer type and network can not configure RoHC when outOfOrderDelivery is configured, and we think both principles can be applied to NR UDC. So it is proposed:
Proposal 1: It is proposed RAN2 to agree that NR UDC can be configured for any bearer type, and network does not configure UDC when outOfOrderDelivery is configured.
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5. Annex

Table 1: L2 handling for bearer type change with and without security key change

	Bearer type change from row
to col
	MCG 
	Split  
	SCG

	
	no key change
	with key change
(KeNB <->

S-KgNB)
	no key change
	with key change
(KeNB <->

S-KgNB)
	no key

change
	with key change
(KeNB <->

S-KgNB)

	MCG
	N/A
	PDCP:

Re-establish

MCG RLC:

See Note 1

MCG MAC:

See Note 1

SCG RLC:

No action

SCG MAC:

No action
	PDCP: Reconfigure
MCG RLC: No action
MCG MAC: No action
SCG RLC: Establish
SCG MAC: Reconfigure
	PDCP:

Re-establish
MCG RLC:

See Note 1

MCG MAC:

See Note 1

SCG RLC:

Establish

SCG MAC:

Reconfigure
	PDCP:

Recovery
MCG RLC:

Re-est+release
MCG MAC:

Reconfigure
SCG RLC:

Establish
SCG MAC:

Reconfigure
	PDCP:

Re-establish

MCG RLC:

Re-est+release
MCG MAC:

Reconfigure
SCG RLC:

Establish
SCG MAC:

Reconfigure

	Split
	PDCP:

Recovery
MCG RLC:

No action
MCG MAC:

No action
SCG RLC:

Release
SCG MAC:

Reconfigure
	PDCP: 
Re-establish
MCG RLC: See Note 1
MCG MAC: See Note 1
SCG RLC: Release
SCG MAC: Reconfigure
	N/A
	PDCP:

Re-establish
MCG RLC:

See Note 1
MCG MAC:

See Note 1
SCG RLC: 
See Note 2
SCG MAC: 
See Note 2
	PDCP: Recovery
MCG RLC:

Re-est+release
MCG MAC:

Reconfigure
SCG RLC: 
No action
SCG MAC:
No action
	PDCP:

Re-establish
MCG RLC:

Re-est+release
MCG MAC:

Reconfigure
SCG RLC: 
See Note 2
SCG MAC: 
See Note 2

	SCG
	PDCP:   Recovery
MCG RLC: Establish
MCG MAC: Reconfigure
SCG RLC: Release
SCG MAC: Reconfigure
	PDCP:

Re-establish
MCG RLC:

Establish
MCG MAC:

Reconfigure
SCG RLC:

Release
SCG MAC:

Reconfigure
	PDCP: Reconfigure
MCG RLC: Establish
MCG MAC: Reconfigure
SCG RLC: No action
SCG MAC: No action
	PDCP:

Re-establish
MCG RLC:

Establish
MCG MAC:

Reconfigure
SCG RLC:

See Note 2SCG MAC: 
See Note 2
	N/A
	PDCP:

Re-establish

MCG RLC:

No action

MCG MAC:

No action

SCG RLC:

See Note 2SCG MAC:

See Note 2


