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Introduction
UDC uses new PDCP Data Format which adds one additional octet. eNB configures UE to setup UDC or release UDC. The setup and release can be done at any stage by eNB. In order to avoid any ambiguity on the eNB side about which packet format, either legacy or new format the UE is using, it is needed that there is efficient and reliable communication between UE and eNB.

[bookmark: _Ref178064866]Discussion
When UDC is not configured, UE uses the PDCP packet format without UDC header. It would save some processing on the UE and eNB side without having to process an additional octet. Similarly, when UDC is configured UE uses the PDCP packet format with UDC header. 
When UDC is configured below packet format is used [3].



When UDC is not configured, the legacy packet format without UDC header is used [2,3].


[bookmark: _Toc513628167][bookmark: _Toc513628511]In order to do this, in the last meeting there was paper proposing to use a new PDCP Control PDU with a sequence number [4]. As, only 8 PDCP control PDU can be defined, 5 has already been defined. One of them is for UDC, so it should be avoided to have a new PDCP Control PDU for the same feature, instead the already defined PDCP Control PDU should be used.  It was also suggested to have an Sequence Number indicated in the PDCP control PDU, however it is not needed. UE can insert the PDCP control PDU after the last data packet and RLC will ensure in order packet delivery. Considering below that Packet Number 1, 2 and 3 are compressed. UE would like to switch to uncompressed Packet from Packet 4. UE can insert, the PDCP control PDU after packet 3 and before Packet 4. The sequence would be as below.
[bookmark: _Toc513628512]						1 2 3 P 4

[bookmark: _Toc513628168][bookmark: _Toc513628513]Because of limited PDCP Control PDU, the already defined PDCP Control PDU for UDC should be used.

[bookmark: _Toc513628495]Sequence Number is not needed for PDCP Control PDU. It can be easily avoided by inserting the PDCP Control PDU at right order. This will avoid any complexity on eNB side to keep track of Sequence Number


Legacy Handover based reconfiguration is also an option, however it involves PDCP reestablishment mechanism and it is considered heavy process as it involves resetting of PDCP sequence number and reinitialization of ciphering/security parameters. The general thinking is to keep UDC light weight compression algorithm with localized mechanism when UDC is setup and released; especially for the use case 2 and 4 (see below).
In such situations, it is good to rely on PDCP feedback as UDC works also in the PDCP layer. This is analogous to RoHC compression mechanism which relies upon PDCP Control Packet PDU and ACKs when transiting the states. Rather than relying on handover-based reconfiguration, it would be simper to use already defined PDCP Control PDU for UDC for use case 2 and 4. For use case 1, it is expected that UE will send the packet using new PDCP data format. For use case 3 as the DRB is released so it does not matter as there will be no new packets incoming packets to eNB.
Table 1: Use cases of setup and release of UDC [1]
	Handling of UDC
	Use case No
	Description

	Setup of UDC
	Use case 1
	UDC is configured when the DRB is setup

	
	Use case 2
	UDC is configured after the DRB is setup

	Release of UDC
	Use case 3
	UDC is released when the DRB is released

	
	Use case 4
	UDC is released while keeping the DRB





In some repeated checksum failure cases or error case such as compressor points to memory location outside of buffer memory, it would be more natural for eNB to release the UDC configuration but still retain the E-RAB. Similarly, any other case where eNB does not see enough gain of having compression enabled, eNB can decide to release the UDC configuration but still retain the E-RAB. When UDC configuration is released, UE should fallback to PDCP packet format without UDC header. However, on the eNB side, there can be ambiguity whether the third octet as shown above is UDC header or data packet. If the packet is still processed by UDC or it is without UDC header. It is good to have this functionality to provide flexibility in UDC Operation.

[bookmark: _Toc498244457][bookmark: _Toc498360605][bookmark: _Toc498360633][bookmark: _Toc498361963][bookmark: _Toc503821555][bookmark: _Toc513451976][bookmark: _Toc513452516][bookmark: _Toc513628496][bookmark: _Toc503861977]RRC Reconfiguration to release UDC configuration may not be sufficient for this purpose. There should be some sort of message from UE saying configuration is released and it has fallback to PDCP Data header without UDC octet. 
[bookmark: _Toc513452517][bookmark: _Toc513628497]The ability to setup/release UDC using simpler PDCP control PDU mechanism will provide flexibility in UDC Operation.
It has already been agreed in RAN2 to introduce PDCP control packet PDU for the reset case. One of the bits from the same PDCP control packet PDU can be re-used by the UE to inform eNB that the configuration is released. Once eNB receives this PDCP control packet PDU and sends an ACK, UE can then switch to new packet format. This will avoid any ambiguity on eNB.

The ACK can be a simple RLC ACK or PDCP Control Packet PDU ACK as below.



 
D/C
Length: 1 bit
Table 1 D/C field
	Bit
	Description

	0
	Control PDU

	1
	Data PDU


[bookmark: _Toc469053373]PDU type
Length: 3 bits
Table 2 PDU type
	Bit
	Description

	000
	PDCP status report

	001
	Interspersed ROHC feedback packet

	010
	LWA status report

	011
	UDC Feedback Packet

	100-111
	Reserved


E/D
Length: 1 bit
Table 3 E/D field
	Bit
	Description

	0
	UDC Status Disabled

	1
	UDC Status Enabled







[bookmark: _Toc497418103][bookmark: _Toc498242006][bookmark: _Toc498242057][bookmark: _Toc498242293][bookmark: _Toc498243138][bookmark: _Toc498244437][bookmark: _Toc503821570][bookmark: _Toc503861984][bookmark: _Toc506473243][bookmark: _Toc513451990][bookmark: _Toc513452526][bookmark: _Toc513628169][bookmark: _Toc513628514][bookmark: _Toc498361491]To address that the eNB will not be able to identify if the third octet is data or UDC header, a PDCP control PDU is sent by the UE. 


[bookmark: _Toc498360606][bookmark: _Toc498360634][bookmark: _Toc498361964][bookmark: _Toc503821556][bookmark: _Toc503861978][bookmark: _Toc513451977][bookmark: _Toc513452518][bookmark: _Toc513628498]Similar to the release case, when UDC is setup; ie, UE is configured to use the UDC, UE should notify to the eNB that it is going to use the new PDCP Data Format through the use of PDCP control packet PDU before using new PDCP data format with UDC header for the case when UDC is configured after the DRB has been setup.





[bookmark: _Toc498244438][bookmark: _Toc506473244][bookmark: _Toc513451991][bookmark: _Toc513452527][bookmark: _Toc513628170][bookmark: _Toc513628515][bookmark: _Toc498361492][bookmark: _Toc503821571][bookmark: _Toc503861985]The PDCP Control PDU indication for UDC status should be sent by UE before initiating the compression context and after releasing the compression context. 


Conclusion
In section 2 we made the following observations:
Observation 1	Sequence Number is not needed for PDCP Control PDU. It can be easily avoided by inserting the PDCP Control PDU at right order. This will avoid any complexity on eNB side to keep track of Sequence Number
Observation 2	RRC Reconfiguration to release UDC configuration may not be sufficient for this purpose. There should be some sort of message from UE saying configuration is released and it has fallback to PDCP Data header without UDC octet.
Observation 3	The ability to setup/release UDC using simpler PDCP control PDU mechanism will provide flexibility in UDC Operation.

Based on the discussion in section 2 we propose the following:
Proposal 1	Because of limited PDCP Control PDU, the already defined PDCP Control PDU for UDC should be used.
Proposal 2	To address that the eNB will not be able to identify if the third octet is data or UDC header, a PDCP control PDU is sent by the UE.
Proposal 3	The PDCP Control PDU indication for UDC status should be sent by UE before initiating the compression context and after releasing the compression context.
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