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[bookmark: _Ref35586532]Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Regarding the PDU discard operation, the following agreements were reached in RAN2#121bis-e and RAN2#122 meetings:
	· PDU set discard is modelled using the existing PDCP discard timer for the uplink. The timer is in network control.
· 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.
· PDU-set discard indication for UL is configured using RRC to handle the PDU Set based discard functionality (i.e. whether UE discards all packets in PDU set when one PDU is discarded). The configuration is per PDCP entity.
· Network indicates UE to apply PSI-based XR discard mechanism via dedicated signalling. 
· FFS how/whether to minimize additional UL signalling after this indication.
· FFS if the NW indication is a one-shot or also subsequent packets.


The PDU Set based PDCP discard timer maintenance is discussed in [1]. And in this contribution, the following issues will be addressed:
· Down-selection of PSI-based discard options
· Signaling design for indicating UE to apply the PSI-based discard
· Congestion exit mechanism
· PDCP discard impact to lower layers
Discussion
Down-selection of PSI-based discard options 
According to the agreement reached in the previous meeting, it was agreed that PSI can be useful for PDU Set-based discard. Based on the discussion in [2], three potential options are mentioned, listed below: 
· Option 1: Based on PDCP discard timer.
· Option 1a. Configuring the one timer with another value that depends on the PSI.
· Option 1b. Introducing a 2nd timer whose value depends on the PSI.
· Option 2: PDU Set with higher PSI value(s), i.e., lower importance, can be discarded directly. 
Before performing options down-selection, how to represent the PSI in the signaling should be clarified firstly. According to [3], as listed below, it captured that 16 PSI values can be supported. 
	-	PDU Set Importance [PSI] (4 bits): The PDU Set Importance field indicates the importance of this PDU Set compared to other PDU Sets within the same QoS flow. Lower values shall indicate a higher importance PDU Set with the highest importance PDU Set indicated by 0 and the lowest importance PDU Set indicated by 15. 


Considering there are 16 PSI values, no matter Option 1 or Option 2 is adopted, in order to reduce the signaling overhead, it is better to split the PSI values into two groups based on one PSI threshold. 
[bookmark: _Ref139985987]Proposal 1: For the PSI-based discard, the PSI values can be split into two groups based on one PSI threshold. 
Furthermore, how the UE acquires the PSI threshold can be solved in two ways:
· Alt 1: Based on pre-configuration, i.e. before the congestion occurs.
· Alt 2: Configured by network at the time the congestion state is indicated.
For Alt1, gNB cannot adjust the PSI threshold based on the congestion level. It is not flexible. Hence, the PSI threshold should better be configured by network, for each congestion case.
[bookmark: _Ref139985990]Proposal 2: The PSI threshold should be configured by network at the time the congestion state is indicated. 
For Option 1, traditionally, PDCP discard timer is configured based on the latency requirement (e.g., based on the PDB or PSDB). In [4], as copied below, one QoS flow is only corresponding to one PSDB or PDB. 
	A QoS Flow is associated with only one PDU Set Delay Budget. The value of the PDU Set Delay Budget is the same in UL and DL. PSDB is an optional parameter that may be provided by the PCF. The provided PSDB can be used by the NG-RAN to support the configuration of scheduling and link layer functions.
When the PSDB is available, the PSDB supersedes the PDB for the given QoS Flow.


Therefore, it is questionable how will RAN derive the different timer lengths associated with different PSIs. It is understood, from Option 1 proponents, that low-importance PSI PDU Sets would be configured with a discard timer length shorter than the high-importance PSI PDU Sets. However, the congestion state typically reflects a situation where the UE buffer is full of PDU Sets waiting for being transmitted, the vast majority of which already exceeded the PSDB anyways (otherwise there would not be congestion). When the PDCP discard timer is configured with the target delay budget value set by SMF to NG-RAN, i.e. PSDB [4], congestion does not occur since the PDU Sets exceeding their delay budget are discarded by PDCP. In other words such congestion situation occurs when RAN configured the discard timer to a value (much) larger than PSDB in order to keep delivering late PDU Sets, i.e. even when they exceeded their CN-configured delay budget, PSDB. Therefore a timer-based solution for sorting, among the low-importance PDU Sets in the queue, which PDU Sets should be discarded from those that should not sounds cumbersome. For example, if the shorter timer is reduced from the arbitrary large timer used in non-congestion state to the CN-configured delay budget, PSDB, it is expected that, as mentioned above, the vast majority of low importance PDU Sets would be discarded right away, similar to Option 2.
Moreover, this option requires PDCP to handle multiple discard timer values depending on the congestion state and the PSI value of the PDU Set, which obviously means a quite dynamic (PDU Set level) adaptation. In addition, for Option 1, when RRC indicates congestion happen, UE will apply the new PDCP discard timer length, but there is already another PDCP discard timer running for the same PDCP SDU, when to stop the old PDCP discard timer and when to start the new PDCP start time should be specified, which will need more specification effort.
For Option 2, when congestion is indicated to the UE, UL PDU Set with higher PSI value, i.e., lower importance, can be discarded right away in order to mitigate the congestion. Other PDU Sets are handled the same as in case of non-congestion. Hence the complexity is minimized since for the fraction of DRBs with higher importance, the discard processing is unchanged, i.e. based on the discard timer.
In summary, we think the simple treatment of Option 2 is effective enough and the higher complexity of Option 1 is not justified. 
[bookmark: _Ref139985994]Proposal 3: In case of congestion:
· PDU Sets with higher PSI value(s), i.e., lower importance, are discarded irrespective of the PDCP discard timer.
· PDU Sets with lower PSI value(s), i.e., higher importance, are discarded when the PDCP discard timer expires.
Signaling  design for indicating UE to apply the PSI-based discard
In RAN2#122 meeting, it was agreed that:
	Network indicates UE to apply PSI-based XR discard mechanism via dedicated signalling. 


Hence, the detailed signaling design for indicating the UE to apply the PSI-based discard should be further discussed. There are three potential options:
· Option 1: Only RRC signaling
In this option, an RRC reconfiguration signaling including the PSI threshold implies that UE should apply the PSI-based discard.
· Option 2: RRC signaling and MAC CE
In this option, RRC reconfiguration signaling includes the PSI threshold and whether PSI-based discard is enabled is indicated by MAC CE. 
· Option 3: Only MAC CE
In this option, PSI threshold should be included in the MAC CE.
The main benefit of using MAC CE is that it is faster than RRC signaling. But considering congestion state will not change quickly, there is no strong motivation to use MAC CE. Hence, RRC signaling is enough.
[bookmark: _Ref139985997]Proposal 4: Network indicates UE to enable the PSI-based discard via dedicated RRC signaling. 
Congestion exit mechanism
When congestion happens, UE applies the PSI-based discard; when there is no congestion any longer, UE should stop performing the PSI-based discard. Hence, how the UE exits the congestion should be further discussed.
There are two options:
· Option 1: Explicit method (based on network indication). E.g., based on the RRC reconfiguration signaling without PSI threshold.
· Option 2: Implicit method, e.g., if the buffer status is lower than the configured threshold, UE exits the congestion.
Clearly Option 1 requires doubling the RRC signaling every time congestion occurs so we should find a more efficient way to exit congestion. Therefore UE should be configured to exit the congestion state based some pre-configured criterion. It could be a timer, or more accurately, a buffer status threshold for a given QoS flow or LCG. Indeed, as discussed above, the congestion results in PDU Sets to be stuck in the UE buffer, and congestion continues when, after discarding the low-importance PDU Sets, new data keeps coming in and filling-up the buffer. Hence a good criterion for assessing when congestion has been resolved is when the buffer status has come back to a reasonable level.
[bookmark: _Ref139986001]Proposal 5: UE can exit congestion based on a pre-configured criterion e.g. the buffer status is lower than a threshold.
PDCP discard impact to lower layer
Regarding PDCP discard, the following has been captured in PDCP [5] and RLC [6] specifications:
	TS 38.323 
5.3	SDU discard
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.
For SRBs, when upper layers request a PDCP SDU discard, the PDCP entity shall discard all stored PDCP SDUs and PDCP PDUs.
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.

TS 38.322
[bookmark: _Toc5722479][bookmark: _Toc37462999][bookmark: _Toc46502543][bookmark: _Toc124540528]5.4	SDU discard procedures
When indicated from upper layer (e.g. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU, if neither the RLC SDU nor a segment thereof has been submitted to the lower layers. The transmitting side of an AM RLC entity shall not introduce an RLC SN gap when discarding an RLC SDU.


Based on the above descriptions, the following issues need to be addressed:
· Issue 1: For XR service, whether PDCP should notify lower layers to discard the corresponding PDCP Data PDU which has already been submitted to lower layers in case of SDU discard?
· Issue 2: Whether the transmitter should notify the SN gap to reduce the PDCP reordering delay in the receiver?
Issue 1
Regarding Issue 1, considering the corresponding SDU has been discarded in PDCP due to PDCP discard timer expiry or congestion, it is reasonable to also discard the corresponding PDCP Data PDU which has been submitted to lower layers and the corresponding RLC SDU or RLC SDU segment that has not yet been submitted to MAC. There is no additional specification effort.
[bookmark: _Ref139986004][bookmark: _Ref131074055]Proposal 6:  Once PDCP discards an SDU, it should notify RLC to discard the corresponding RLC SDU as in legacy, no specification impact. 
Issue 2
XR service supports both PDU set based discard and congestion based discard. In order to reduce the PDCP reordering latency in the receiver, some companies suggest that the transmitter can send indication to the receiver to notify the discarded data.  In our understanding, this information can be transferred via PDCP control PDU. As discussed in [7], in order to facilitate the PSER calculation, it should also include additional bit(s) to indicate whether the discarded PDU(s) are from different PDU Sets. Network can use this information to calculate the failed PDU Sets.
[bookmark: _Ref139986008]Proposal 7:  For UL, UE should notify gNB of the discarded PDU(s) and discarded PDU Set(s) via PDCP control PDU in order to reduce the reordering latency and facilitate the PSER calculation. 
Conclusion
According to the analysis in section 2, it is proposed:
Proposal 1: For the PSI-based discard, the PSI values can be split into two groups based on one PSI threshold.
Proposal 2: The PSI threshold should be configured by network at the time the congestion state is indicated.
Proposal 3: In case of congestion:
· PDU Sets with higher PSI value(s), i.e., lower importance, are discarded irrespective of the PDCP discard timer.
· PDU Sets with lower PSI value(s), i.e., higher importance, are discarded when the PDCP discard timer expires.
Proposal 4: Network indicates UE to enable the PSI-based discard via dedicated RRC signaling.
Proposal 5: UE can exit congestion based on a pre-configured criterion e.g. the buffer status is lower than a threshold.
Proposal 6:  Once PDCP discards an SDU, it should notify RLC to discard the corresponding RLC SDU as in legacy, no specification impact.
Proposal 7:  For UL, UE should notify gNB of the discarded PDU(s) and discarded PDU Set(s) via PDCP control PDU in order to reduce the reordering latency and facilitate the PSER calculation.
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