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1 Introduction
In the latest RAN2#119-bis meeting, we discussed on whether the XR awareness impacts PDU discarding of XR traffic, And the following is captured in the latest RAN2#119-bis meeting [1]:
	· 1. For UE transmitter, the PDCP discard should be performed per PDU set basis. 

· 2. For UE transmitter, The PDCP discard is managed per SDU for PDU set, the PDCP entity discards all PDCP SDUs associated with the PDU set.




In the meanwhile, SA2 has been discussing the PDU Set based QoS framework to support the efficient handling of PDU Set which is captured in the LS (see agreed pCR S2-2209938) [2] as highlighted below that PDU Set Information (listed in 8.X.2.1) are informed by UPF to RAN via GTP-U header of user plane packet:
	8.X.1
Control plane enhancements for supporting PDU Set in downlink

8.x.1.1
PDU Set QoS Parameters

PDU Set QoS treatment is determined using dynamic or non-dynamic PCC.

The following PDU Set QoS parameters are defined to support PDU Set handling:

-  PDU Set Error Rate: The PSER defines an upper bound for the ratio between the number of PDU Sets not successfully received and the total number of PDU Sets sent towards a recipient measured over a measurement window. 
Editor’s Note: the criteria for determining whether a PDU Set is successfully delivered or not are FFS 

-  PDU Set Delay Budget
Editor’s Note: The definitions of PSER and PSDB are FFS. For PSDB, it needs further study the impact due to N6 jitter.
-  Whether all PDUs are needed for the usage of PDU Set by application layer (PDU Set Integrated Indication).
8.X.2
User plane enhancements for supporting PDU Set in downlink

8.X.2.1 PDU Set Information

The following PDU Set related information may be identified by UPF to support PDU Set based handling:

-  PDU Set Identifier

NOTE:
Neighbor PDU Sets in sequence will use different PDU Set identifiers.

-  Optional, Start PDU and End PDU of the PDU Set

-  PDU SN within a PDU Set

-  Optional, PDU Set Size

NOTE:
Either PDU Set Size expressed in bytes or PDU Set Size expressed as number of PDUs, needs further determined.

NOTE:
Either one among Start/End PDU of the PDU Set and Number of PDUs within a PDU Set needs to be supported.

-
PDU Set Importance

Editor’s Note: Which above PDU Set information parameters is optional is FFS.
8.X.2.3 Delivering PDU Set Information to RAN

PDU Set Information (listed in 8.X.2.1) are informed by UPF to RAN via GTP-U header of user plane packet.

Editor’s Note: Whether PDU Set importance is used for mapping different QoS Flows, sub-QoS Flows, or included in GTP-U header is FFS. (Potential SoH)


In this contribution, we provide some general views on PDU discarding of XR traffic.
2 Discussion
Currently packet discarding based on discard timer or PDCP status report is handled in PDCP layer as captured below:
	When the discardTimer expires for a PDCP SDU, or the successful delivery of a PDCP SDU is confirmed by PDCP status report, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU. If the corresponding PDCP Data PDU has already been submitted to lower layers, the discard is indicated to lower layers.


The first question is whether we need a new per Packet Set discard timers to handle PDU discard in PDCP. On uplink, it’s assumed that packets belonging to a PDU Set arrive at the PDCP transmitter at the same time with no jitter. In this case, the legacy per-SDU discard timer can still be used. When the timer expires for a PDCP SDU, all PDUs of the corresponding PDU Set can be discarded. And we not see additional discard timer is introduced. 

Currently, SA2 has not reached consensus on the definition of PSDB for downlink. No matter what they get, this delay budget information will be sent to gNB to assist discard packets which is RAN implementation. Similarly, we think there will be a PSDB for uplink to assist gNB setting the discard timer for UE transmitter. A possible way is that gNB get the PSDB for uplink from core network or from UE.

Proposal 1    No additional discard timer is introduced to support PDCP set discarding. Per-SDU discard timer is sufficient in for UE transmitter.
Also, according to current PDCP spec, the transmitting PDCP entity shall discard the PDCP SDU along with the corresponding PDCP Data PDU not only based on discard timer but also from the successfully delivered PDCP SDU along with the corresponding PDCP Data PDU. In XR, the transmitting PDCP entity may need to discard the corresponding PDCP SDU or Data PDU(s) if related critical packets are lost or corrupted from that same PDU Set. The question is how does the transmitting PDCP entity can get the more timely status report? Considering that in current PDCP spec, the receiving PDCP entity only triggers status report on a PDCP entity re-establishment or a PDCP data recovery, whether we need new triggers for more timely status report can be considered later. 
And for the current PDCP status report, if a PDCP status report is triggered, the receiving PDCP entity shall setting the FMC field to RX_DELIV and the transmitter PDCP will consider the associated COUNT value less than the value of FMC field as successfully delivered. This is very reasonable since the transmitter PDCP will not resend it so it can be considered as delivered successfully. However, for Packet set discarding, the transmitter PDCP will needs this for packet discarding. An example is show below, the transmitter PDCP will discard the whole packets set from 5 to 11, since they are in the same set (Note: Currently the FMC will be set to 8 which means 0~7 are delivered successfully which is not helpful). So we need to discuss whether the transmitter PDCP will need to get more detailed information on the delivery not just for successful ones.
	5.4.2
Receive operation
For AM DRBs, when a PDCP status report is received in the downlink or in the sidelink, the transmitting PDCP entity shall:

-
consider for each PDCP SDU, if any, with the bit in the bitmap set to '1', or with the associated COUNT value less than the value of FMC field as successfully delivered, and discard the PDCP SDU as specified in clause 5.3.
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                         Figure 1 PDCP re-ordering and status report
Proposal 2    RAN2 can further study whether the transmitting PDCP entity needs to get the delivery status more timely for PDU set discarding.

Since the PDCP discard is managed per SDU for PDU set, the PDCP entity discards all PDCP SDUs associated with the PDU set. It seems that only the transmitting PDCP entity need to identify the corresponding PDCP SDU(s) or PDCP Data PDU(s). Take the uplink transmission as an example, only the UE need to know the association between a PDU and a PDU Set to determine if it has met the discard criteria and to perform the discard. People may say, discarding unnecessary PDUs in the PDCP receiver may also save processing overhead, for example, PDUs belonging to a dropped PDU Set may be discarded without performing deciphering/integrity verification/header decompression and useless packets should not be delivered to the upper layer to reduce the decoding work of the application layer. However, one must bear in mind that when we introduce the per-PDU set basis PDCP discard is to free the radio channel when congestion happens and the UU radio resource is the bottle neck. To include dynamic PDU set information in every uplink XR PDU would obviously bring considerable signalling overhead which would again make the congestion even worse. Hence, we did not see the motivation to deliver dynamic PDU set related info (e.g. PDU set SN, end PDU flag) from the transmitting PDCP entity to receiving PDCP entity in Uu interface for both DL and UL.
For Downlink when handover happens, since gNB has changed, it is likely that only a part of the PDUs of a PDU set has been successfully transmitted in the source gNB, while the other PDUs of the PDU set will be forwarded and transmitted by the target gNB. Whether dynamic PDU set related info can be forwarded to the target gNB can be further studied.
Proposal 3    RAN2 will not consider delivering dynamic PDU set related info (e.g. PDU set SN, end PDU flag) from the transmitting PDCP entity to receiving PDCP entity in Uu interface.

At PDCP, the current discard procedure can introduce SN gaps only when discarding a PDCP SDU already associated with a PDCP SN and it is left up to UE implementation as captured below:

	NOTE:
Discarding a PDCP SDU already associated with a PDCP SN causes a SN gap in the transmitted PDCP Data PDUs, which increases PDCP reordering delay in the receiving PDCP entity. It is up to UE implementation how to minimize SN gap after SDU discard.


People are afraid that packet set discarding data at PDCP will bring more SN gaps and actually translate into reordering delays. In our understanding, if the to be discarded packets have not been yet transmitted by lower layers, the associated SN in PDCP/RLC could be reused for new packets. And a smart UE implementation will not throw huge amount of PDCP SDUs as a whole to lower layer even if it knows that the PDCP SDUs belongs a packet set when the lower layer gets the grant.
Proposal 4    RAN2 will not consider enhancements to SN gap caused by the discarding mechanism which will be left UE implementation.
Furthermore, legacy per PDCP entity t-Reordering timer can still be used and re-ordering operation can still be based on continuous COUNT values for XR. People may suggest we have a PDU Set t-Reordering timer which is started upon the first reception of a PDCP PDU belonging to a PDCP set from lower layer and can discard all PDUs of the PDU Set when it expires. In our understanding, this only benefits the receiving PDCP entity to empty the buffer to deliver the received packets to the upper layer a little bit earlier when all PDUs of the PDU Set are received before the t-Reordering expires or triggering PDU Set discarding. And this brings no benefit of the efficiency of radio resources. Thus, PDU Set handling should not impact the existing re-ordering mechanism.
Proposal 5    RAN2 will not consider enhancements to PDCP t-Reordering timer for XR.
According to SA4’ feedback, for some PDU Set implementation, all PDUs in a PDU Set are needed by the application layer, thus it is desirable for the transmitter to drop the remaining PDUs to save radio resources and reduce power consumption. While for some implementations, the application layer can still recover all or parts of the information unit, when some PDUs are missing. In this case, it would be desirable for the scheduler to transmit the remaining PDUs. According to SA2’s LS [2], a PDU Set Integrated Indication is introduced as PDU Set QoS parameter to indicate whether all PDUs are needed for the usage of PDU Set by application layer. Whether this QoS flow is for Packet Set importance level or for per Packet Set will be based on more SA2’s input. While for another implementations, the decoder requires only any K or only a small amount more than K packet of the N packets to recover the source packets. 
Since the discarding will be taken more depends on application policies, it is preferred that UE or gNB can get to know such policy to decide whether transmit the remaining PDUs or discard the remaining PDUs. Obviously, for DL XR traffic, policies from application layer can be provided to gNB PDCP. For uplink traffic, policies from application layer can be provided to UE PDCP.
Proposal 6    Discard policy can be provided to the transmitting PDCP entity for PDU set discarding and it not need to be aware in the receiving PDCP entity.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 
Proposal 1    No additional discard timer is introduced to support PDCP set discarding. Per-SDU discard timer is sufficient in for UE transmitter.
Proposal 2    RAN2 can further study whether the transmitting PDCP entity needs to get the delivery status more timely for PDU set discarding.

Proposal 3    RAN2 will not consider delivering dynamic PDU set related info (e.g. PDU set SN, end PDU flag) from the transmitting PDCP entity to receiving PDCP entity in Uu interface.

Proposal 4    RAN2 will not consider enhancements to SN gap caused by the discarding mechanism which will be left UE implementation.
Proposal 5    RAN2 will not consider enhancements to PDCP t-Reordering timer for XR.
Proposal 6    Discard policy can be provided to the transmitting PDCP entity for PDU set discarding and it not need to be aware in the receiving PDCP entity.
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