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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 at least PSI can be useful for PDU set-based discard in case of congestion which was captured in the latest RAN2#121 meeting [1]:
	· RAN2 thinks PSI can be useful for PDU set-based discard. RAN2 aims to introduce a mechanism to allow UE to handle discarding of packets with different PSI in case of congestion. FFS for other cases.




And the WID of RAN#99 is updated as below [2]:

	Specify the enhancements related to power saving:

-
DRX support of XR frame rates corresponding to non-integer periodicities (through at least semi-static mechanisms e.g. RRC signalling) (RAN2).

Specify the enhancements related to capacity:

-
Multiple Configured Grant (CG) PUSCH transmission occasions in a period of a single CG PUSCH configuration (RAN1, RAN2);  

-
Dynamic indication of unused CG PUSCH occasion(s) based on Uplink Control Information (UCI) by the UE (RAN1, RAN2);

-
Buffer Status Report (BSR) enhancements including at least new Buffer Status Table(s) (RAN2);

-
Delay reporting of buffered data in uplink (RAN2);

-
Discard operation of PDU Sets for DL and UL (RAN2, RAN3);
Specify the enhancements for XR Awareness:

-
Signalling by CN of semi-static information per QoS flow (e.g. PDU set QoS parameters), dynamic information per PDU set (PDU Set information and Identification) and End of Data Burst indication (RAN3, RAN2);

-
Impact of identifying by UE of PDU Sets, Data bursts and PSI, as needed (RAN2);

-
Provisioning by UE of XR traffic assistance information e.g. periodicity, UL traffic arrival information (RAN2, RAN3);

-
Support signalling the congestion information from RAN to the CN in alignment with SA2 (RAN3);


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.
Proposal 1   Legacy Per-SDU discard timer is sufficient in for UE transmitter.
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 which is also in line with SA2’s requirement that different PSI is supposed be used by NG-RAN for PDU Set level packet discarding in presence of congestion.
Proposal 2   PDU Sets with different importance can be configured with different PDCP discardTimer.
In last meeting, a new PDU Set discarding mechanism called proactively discarding the PDUs was brought by people which means the UE will proactively discard the PDUs based on the PDU set importance information instead of just the discard timer expiry in case the UE detecting congestion or gets notified of congestion from gNB. In such case, RAN2 needs to consider how to configure UE to discard the PDU sets associated with a low importance level if the UL congestion is detected by the NW or UE which is a complete new mechanism and it involves a lot of spec impact. In the meanwhile, PDU discarding alleviates the temporary congestion at the expense of user experience, we would rather to adopt other ways for alleviating congestion, e.g., handover some UEs to other cells or release some UE.
Proposal 3   RAN2 should be conscious on introducing proactively discarding the PDU Sets.

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 as below:

	When the PSIHI is set for a QoS flow, as soon as one PDU of a PDU set is known to be lost, the remaining PDUs of that PDU Set can be considered as no longer needed by the application and may be subject to discard operation (see subclause 5.3.2).


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 4    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 5    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 6    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 7    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 8    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   Legacy Per-SDU discard timer is sufficient in for UE transmitter.
Proposal 2   PDU Sets with different importance can be configured with different PDCP discardTimer.

Proposal 3   RAN2 should be conscious on introducing proactively discarding the PDU Sets.

Proposal 4    RAN2 can further study whether the transmitting PDCP entity needs to get the delivery status more timely for PDU set discarding.

Proposal 5    RAN2 will not consider enhancements to SN gap caused by the discarding mechanism which will be left UE implementation.
Proposal 6    RAN2 will not consider enhancements to PDCP t-Reordering timer for XR.

Proposal 7    Discard policy can be provided to the transmitting PDCP entity for PDU set discarding and it should be configured as per RB basis.
Proposal 8    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.
4 References
[1] RAN2 121 meeting minutes

[2] RP-230786 XR WID Update
[3] RP-230307 38835-200
R2-2302708

5/5


[image: image3.png]Setl Set2 Setl Set2

| | | |

t \ [ \ “‘ \
..@.. EEEEEE
X X

N
\

B
x

E
x

SN STATUS TRANSFER
(SN=2, Packet set 2)

—

. COUNT=1

COUNT=0

Source gNB

Target gNB

UED



_1729081950.vsd
3


2


4


7


6


RX-DILIV=8


RX-NEXT


RX-Reord


11


0


5


RX-Reord


Packet set


1



