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1 Introduction
In the previous meetings, we have agreed that the PDCP discard should be performed per PDU set basis at UE transmitter and the following is captured in the latest RAN2#120 meeting [1]:
	· RAN2 to support timer-based discarding of UL transmit side of PDCP PDU/SDUs of a PDU set. FFS how this is modelled in PDCP specification, can be discussed in WI phase.



And we have confirmed with SA2 the definition of PSDB and PSII which are captured in [2]:
	-
PDU Set QoS parameters:

-
PDU Set Error Rate (PSER): defines an upper bound for the rate of PDU Sets that have been processed by the sender of a link layer protocol but that are not successfully delivered by the corresponding receiver to the upper layer (see TR 23.700-60 [9]).

NOTE: 
In this release, a PDU set is considered as successfully delivered when all PDUs of a PDU Set are delivered successfully.
-
PDU Set Delay Budget (PSDB): time between reception of the first PDU and the successful delivery of the last arrived PDU of a PDU Set (see TR 23.700-60 [9]). PSDB is an optional parameter.

-
PDU Set Integrated Indication (PSII) i.e. whether all PDUs are needed for the usage of PDU Set by application layer.


In the meanwhile, SA2 has been replied our LS sent to SA2 on PDU Set Handling discussing in last meeting and the PDU Set based QoS framework to support the efficient handling of PDU Set as highlighted below [3]:
	Q1: In order to decide how PDU sets could be mapped in radio protocols, RAN2 is wondering if different PDU sets could have different characteristics (for instance importance, PSER, and/or PSDB) and if so, which characteristics can be different and with which granularity (e.g. QoS flow, individual PDU Sets…)

SA2 Answer:  Based on the conclusion from the FS_XRM study (See TR 23.700-60), SA2 agreed to define new 5G QoS parameters for PDU Set concept. The PDU Set comprises of one or more PDUs for which the following PDU Set QoS parameters are applicable: 

· PDU Set Delay Budget (PSDB)

· PDU Set Error Rate (PSER)

· PDU Set Integrated handling Indication (PSIHI)

SA2 also agrees to define PDU Set importance that is conveyed on per-PDU Set basis.  All the PDU Sets within one QoS flow should apply the same PSER, PSDB and PSIHI.  The PDU Set importance of the different PDU Sets within one QoS flow can be different.  
Q2: RAN2 would also like to know whether different types of PDU set can be mapped to the same QoS flow and if so whether RAN should have the ability to treat those differently over the air interface.  If RAN should have such an ability, RAN2 would like to know based on what information signalled to the gNB this would be based on.
SA2 Answer: 

SA2 has agreed that 1) Different types of PDU set can be mapped into the same QoS flow if their PDU set QoS parameters (and other QoS characteristics, e.g. 5QI, ARP) are the same. One QoS flow is associated with one PSER and one PSDB at any time. 2) Different PDU sets within one QoS flow can be associated with different ‘PDU Set importance’ information.
As concluded by SA2 in the FS_XRM study, the PDU Set information ‘PDU Set importance’ may be provided by the UPF to NG-RAN via GTP-U header of user plane packet. It may be used by NG-RAN for PDU Set level packet discarding in presence of congestion.
SA2 defined a new QoS parameter PDU Set Error Rate (PSER) and kindly asks RAN2 to provide feedback on this new QoS parameter in relation to its intended purpose i.e. appropriate link layer protocol configurations.

The PDU Set Error Rate (PSER) defines an upper bound for the rate of PDU Sets that have been processed by the sender of a link layer protocol (e.g. RLC in RAN of a 3GPP access) but that are not successfully delivered by the corresponding receiver to the upper layer (e.g. PDCP in RAN of a 3GPP access). Thus, the PSER defines an upper bound for a rate of non-congestion related packet losses. The purpose of the PSER is to allow for appropriate link layer protocol configurations (e.g. RLC and HARQ in RAN of a 3GPP access).


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.


In last meeting, people discussed how to model PDU set discarding and whether we have one timer for a PDU set or per SDU timer as today. 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 or for PDCP SDUs exceeding a threshold, all PDUs of the corresponding PDU Set can be discarded. And we not see additional enhancement on PDCP discard timer is needed. Even if we assume that it’s not always sure packets arrive at the same time but we can still reuse current PDCP discard timer, then any timer of the PDCP SDU expires will lead to all the timers for all PDUs in the PDU set expire which is also aigned with SA2’s definition of PSDB that all the PDUs, i.e., from the first PDU to that last PDU should be delivered within a defined timer. So the current per SDU discard timer is sufficient.
Obviously, the PSDB for DL will be sent to gNB from CN 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. Even though different types of PDU set in the same QoS flow share with the same PSDB, it seems that a shorter discardTimer will help with quicker discard for PDU set with lower importance level when in presence of congestion. How to set the proper discardTimer can be further discussed.
Proposal 1   Per-SDU discard timer is sufficient in for UE transmitter. FFS on how to set discardTimer.
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 unsuccessfully 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 as captured in TR38.835:

	For PDCP discard operation in uplink, the timer-based discard operation (when configured) should apply to all SDUs/PDUs belonging to the same PDU Set. Furthermore, when, for a PDU Set, the number of PDUs known to either be lost or associated to discarded SDUs, exceeds a threshold (see subclause 5.1.1), all remaining PDUs of that PDU Set could be discarded at the transmitter to free up radio resources.


We are not sure whether AM mode must be configured for a Qos flow if PSIHI is set to be true. If not, the UM mode of RLC will potentially brings gaps which means packet loss. 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 mostly for AM mode on a PDCP entity re-establishment or a PDCP data recovery or uplink data switching, 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.
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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.

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 3    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 4    RAN2 will not consider enhancements to PDCP t-Reordering timer for XR.

According to SA2’ 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. And PDU Set Integrated handling Indication (PSIHI) is used as the discard policy. Since the discarding will be taken more on discarding 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 on a per RB basis. Obviously, for DL XR traffic, policies from application layer can be provided to gNB PDCP to configure the Packet set discarding. For uplink traffic, policies from application layer can be provided to UE PDCP.
Proposal 5    Discard policy can be provided to the transmitting PDCP entity for PDU set discarding and it should be configured as per RB basis.
We have agreed that in-band marking to identify PDU Set and Data Bursts of PDUs dynamically from the transmitting PDCP entity to receiving PDCP entity is not needed. However, for Downlink when handover happens, since gNB has changed, it is likely that part of the PDUs of a PDU set has been transmitted in the source gNB, while the other PDUs of the PDU set will be transmitted by the target gNB. If PDCP Set discard happens in the source gNB because of discard timer expiry as show below, discard the rest packets of the same PDCP Set should be performed in the target gNB as well. RAN2 can further discuss whether dynamic PDU set related info can be forwarded to the target gNB and this involves RAN3 study.
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Proposal 6    RAN2 is suggested to consider delivering dynamic PDU set related info (e.g. PDU set SN for discard) from the transmitting PDCP entity to receiving PDCP entity for handover case.
3 Conclusions

Based on the discussion, our proposals are provided as follows: 
Proposal 1   Per-SDU discard timer is sufficient in for UE transmitter. FFS on how to set discardTimer.
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 enhancements to SN gap caused by the discarding mechanism which will be left UE implementation.
Proposal 4    RAN2 will not consider enhancements to PDCP t-Reordering timer for XR.

Proposal 5    Discard policy can be provided to the transmitting PDCP entity for PDU set discarding and it should be configured as per RB basis.
Proposal 6    RAN2 is suggested to consider delivering dynamic PDU set related info (e.g. PDU set SN for discard) from the transmitting PDCP entity to receiving PDCP entity for handover case.
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