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1 Introduction
According to the NR SI discussion, RAN2 agreed to introduce a new protocol layer for QoS mapping. In this contribution, we call the new protocol layer as PDAP (Packet Data Adaption Protocol) (Note that the final name of the new protocol layer can be discussion later while drafting the TS), and try to provide our initial considerations on the design of the header format with only fundamental functions included. Other issues alike the remapping of the QoS flows can be discussed separately, e.g. whether the remapping can be done without any enhancement. The related agreements are listed as follows:
	-	Traffic from different PDU sessions are mapped to different DRBs.
-	In DL we have a 2-step mapping of IP flows, in which NAS is responsible for the IPflow->QOSflow mapping, and AS is responsible for the QOSflow->DRB mapping (confirmation of SA2 agreement status).
-	In UL we have a 2-step mapping of IP flows, in which NAS is responsible for the IPflow->QOSflow mapping, and AS is responsible for the QOSflow->DRB mapping.
-	a) DL packets over Uu are marked in band with QOS-flow-id for the purposes of reflective QoS.
-	b) UL packets over Uu are marked in band with QOS-flow-id for the purposes of marking forwarded packets to the CN.
-	FFS for bullets a) and b) whether it can be semi-statically configured to not include the QOS flow ID in some cases.
-	FFS for bullets a) and b) whether it might be possible to use a shorter id over the radio compared to that received from the CN. This is a stage 3 issue.
-	For reflective QoS, the UE determines QoS Flow ID to DRB mapping in the uplink based on the downlink packets received within a DRB and applies those filters for mapping uplink Flows to DRBs.
-	The UE "continuously" monitors the QoS Flow ID in downlink PDCP packets and updates the reflective QoS Flow ID to DRB mapping in the uplink accordingly.
-	RRC can configure an uplink mapping.
-	FFS The precedence of the RRC configured mapping and reflective QoS (e.g. can reflective QoS update an RRC configured mapping)
-	Working assumption: If an incoming UL packet does not match a QoS Flow ID to DRB mapping (neither a configured nor a determined via reflective QoS), the UE shall map that packet to the default DRB of the PDU session.

1.	A new user plane AS protocol layer (e.g. PDAP) above PDCP should be introduced to accommodate all the functions introduced in AS for the new QoS framework, including:
-	QOS flow->DRB routing;
-	QoS-flow-id marking in DL/UL packets;
2.	The new protocol layer is applicable for all cases connecting to the 5G-CN.
3.	Single protocol entity is configured for each individual PDU session.
4.	RAN2 to confirm that the timing of non-default DRB establishment (RAN to UE) for QoS Flow configured during PDU Session Establishment could be done NOT at the same time as PDU Session Establishment (up to eNB implementation).
5.	Working assumption from RAN2#96 is confirmed. i.e. First UL packet that doesn't have a mapping to a DRB, is mapped to a default DRB.
6.	“Lossless HO”, that is,  lossless, in sequence without duplication to upper layers, should be supported in specification for intra-NR.





2 Discussion
2.1 General header format
According to the design principles as PDCP/RLC/MAC, the header format should be octet aligned.
Proposal 1: The header of the new QoS layer is octet aligned.

For the downlink transmission of a QoS flow, the flow ID is only added while the reflective QoS is used. Then the flow ID may or may not be included in the received PDAP PDU. Then receiver needs to know by an explicit/implicit indication whether the flow ID is included or not. Otherwise, the UE will be confused about:
· Whether a reflective QoS (NAS layer) is used
· Whether a flow remapping (AS layer) is used
Furthermore, the PDAP header could also be removed if flow ID is not needed. If the UE does not know whether the header is removed from the downlink, the UE cannot even locate the SDU of the PDAP PDU.
Observation 1: As reflective QoS flow ID may or may not be added in the downlink, the UE should be indicated whether a flow ID is included in the downlink. Otherwise the UE will be confused about:
· Whether a reflective QoS flow is used
· Whether a flow remapping is used
Observation 2: If the UE does not know the header format (i.e. length) or whether the header of the new QoS layer is removed, the UE cannot detect the SDU of the new QoS layer.
Proposal 2: In the downlink, the UE should know whether the flow ID/header of the new QoS layer is included or not.

Another issue is related to the bits required for the flow ID. If the flow ID field requires only one octet of the header, then the header of the new QoS layer cannot be avoided, as the issue given in Observation 1. If the flow ID field requires more than one octets of the header, then only one octet is required to indicate the UE about the removing of the flow ID.
Observation 3: If the flow ID field requires more than one octet, removing the flow ID field can save some octet(s) from the header.
Proposal 3: Send an LS to SA2 ask the value range of the QoS flow ID. 

2.2 How to support RoHC
As the RoHC entity is now located in the PDCP layer, if the PDAP header is added, then the addition of the PDAP header shall not impacts the RoHC functions. Give that the RoHC can only allow the SDU of the application layer protocols (e.g. TCP/IP or UDP/IP) 
Proposal 4: The addition of the header of the new QoS layer shall not impact the functionalities of RoHC.

Here we could still have the following options of adding the PDAP header:
· Option 1: PDAP header added at the beginning 
· Option 2: PDAP header added at the end
From our understanding, both Options can work without impacting the RoHC entity. 
For Option 1, some cross layer coordination is required between PDAP and PDCP. RAN2 can further discuss if the cross layer coordination between PDAP and PDCP can be left to the UE implementation.
Observation 4: Adding the PDAP header at the beginning of the PDU would require cross layer interaction between PDCP and PDAP in order to support RoHC in PDCP.
For Option 2, if the PDAP header is located at the end of the PDAP PDU, then the header may need to be encoded from the LSB (Least Significant Bit) to the MSB (Most Significant Bit) if the header length is not fixed. With the legacy header encoding rules (i.e. encoded from the MSB to the LSB), the UE cannot detect the starting point of the header if the header length is not fixed. Given that the flow ID may or may not be included in the downlink due to reflective QoS. We would expect that the header length may not be fixed (Further inputs from SA2 is required regarding the value range of flow ID). Furthermore, adding the PDAP header at the end of the PDAP PDU would also increase the UE implementation complexity due to the FIFO (First-In-First-Out) buffer. In legacy LTE, the receiver reads each PDU from the first bit to last bit one-by-one.  While changing the header to the end of a PDU, the UE would need to first jump to the location of the header to read the PDAP header and then jump back to the location of the SDU, and then jump to the location of the next PDU.
Observation 5: Adding the PDAP header at the end of the PDAP PDU may require the header encoding from the LSB to the MSB (e.g. the D/C field is located at the end of the header) if the PDAP header length is not fixed.
Observation 6: Adding the PDAP header at the end of the PDAP PDU would increase the UE complexity of buffer reading due to the FIFO buffer.
Proposal 5: RAN2 is kindly request to discuss whether the header of the new QoS layer is added at the beginning or the end of the PDU.

Regarding the RoHC impacts, from our understanding, if the RoHC functions is moved to the PDAP layer, then the RoHC can be supported without impacting the PDCP functionalities. Given that the RoHC is already optional for PDCP. On the other hand, as the PDCP entity can always ensure in-sequence delivery to the upper layer. The split bearer can also support RoHC. The reason of not supporting RoHC in the LTE split bearer is due to the out-of-sequence delivery of the RoHC IR packet. 
Observation 7: Moving RoHC to PDAP layer can support the header compression without impacting other functions of PDCP layer.
Observation 8: Moving RoHC to PDAP layer can support the header compression for split bearer as the PDCP layer can always ensure in-sequence delivery to the upper layer.
Proposal 6: RAN2 is kindly request to discuss whether to move RoHC function from PDCP to the new QoS layer.

2.3 How to ignore the flow ID of UL
Regarding removing the flow ID of the uplink, as the flow ID should always be known by the eNB “for the purposes of marking forwarded packets to the CN”. Removing the flow ID in some specific cases can improve the throughput of the uplink. From our understanding, we could have the following two cases to remove the flow ID in the uplink:
· Case 1: Only one flow is included in a DRB
· Case 2: Only one flow ID of multiple flows is removed
Detailed signalling procedures can be discussed further.
Proposal 7: The flow ID of uplink can be removed in the following two cases:
· Case 1: Only one flow is included in a DRB
· Case 2: Only one flow ID of multiple flows is removed

  
3 Conclusion
According to the analysis given above, we have the following Observations and Proposals:
Observations:
Observation 1: As reflective QoS flow ID may or may not be added in the downlink, the UE should be indicated whether a flow ID is included in the downlink. Otherwise the UE will be confused about:
Whether a reflective QoS flow is used
Whether a flow remapping is used
Observation 2: If the UE does not know the header format (i.e. length) or whether the header of the new QoS layer is removed, the UE cannot detect the SDU of the new QoS layer.
Observation 3: If the flow ID field requires more than one octet, removing the flow ID field can save some octet(s) from the header.
Observation 4: Adding the PDAP header at the beginning of the PDU would require cross layer interaction between PDCP and PDAP in order to support RoHC in PDCP.
Observation 5: Adding the PDAP header at the end of the PDAP PDU may require the header encoding from the LSB to the MSB (e.g. the D/C field is located at the end of the header) if the PDAP header length is not fixed.
Observation 6: Adding the PDAP header at the end of the PDAP PDU would increase the UE complexity of buffer reading due to the FIFO buffer.
Observation 7: Moving RoHC to PDAP layer can support the header compression without impacting other functions of PDCP layer.
Observation 8: Moving RoHC to PDAP layer can support the header compression for split bearer as the PDCP layer can always ensure in-sequence delivery to the upper layer.

Proposals:
Proposal 1: The header of the new QoS layer is octet aligned.
Proposal 2: In the downlink, the UE should know whether the flow ID/header of the new QoS layer is included or not.
Proposal 3: Send an LS to SA2 ask the value range of the QoS flow ID. 
Proposal 4: The addition of the header of the new QoS layer shall not impact the functionalities of RoHC.
Proposal 5: RAN2 is kindly request to discuss whether the header of the new QoS layer is added at the beginning or the end of the PDU.
Proposal 6: RAN2 is kindly request to discuss whether to move RoHC function from PDCP to the new QoS layer.
Proposal 7: The flow ID of uplink can be removed in the following two cases:
· Case 1: Only one flow is included in a DRB
· Case 2: Only one flow ID of multiple flows is removed
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