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1	Introduction
RAN2#122 agreed the following:
	· 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.



This contribution tries to resolve the last details of PSI-based discard operation for XR.

2	PSI-based packet handling
Based on RAN2 proposals and RAN2 discussions [R2-2306565], a viable PSI-based discard mechanism could consist of: 1) a 2nd value for the discard timer configured by RRC, and 2) a Control PDU carrying at least a PSI threshold to control which PDU sets are to apply the 2nd value, and a duration to tell for how long the PSI-based discard is to be applied i.e. for how long the 2nd value applies.
Proposal 1: PSI-based discard relies on a 2nd value for the discard timer configured by RRC and a control PDU carrying at least a PSI threshold to control which PDU sets are to apply the 2nd value, and a duration to tell for how long the PSI-based discard is to be applied.
Regarding the range of the 2nd value, it should contain:
-	the same range as the existing discard timer minus some of the largest ones;
-	contain zero to allow immediate discard.
A possible range would then be: {ms0, ms0dot5, ms1, ms2, ms5, ms10, ms20, ms30, ms40, ms50, ms60, ms75, ms100, ms150, ms200, ms250}
Proposal 2: consider the following range for the 2nd value of the discard timer {ms0, ms0dot5, ms1, ms2, ms5, ms10, ms20, ms30, ms40, ms50, ms60, ms75, ms100, ms150, ms200, ms250}
For the control PDU, PDCP seems like the most logical choice since the discard operation is to be done per radio bearer and impacts the PDCP discard timer.
Proposal 3: Activation of PSI-based discard timer relies on a PDCP Control PDU.
The PDU set RTP header extension is currently defined as follows [26.522]:
	The one-byte RTP Header Extension for the marking of PDU Sets and End of Bursts is defined as follows:
       0                   1                   2                   3
       0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |       0xBE    |    0xDE       |           length              |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |  ID   | L=5   |E| EDB |  PSI  |      PSSN         |     PSN   |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |                     PSSize                    |
      +.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+

The two-byte RTP Header Extension for the marking of PDU Sets and End of Bursts is defined as follows:
       0                   1                   2                   3
       0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |       0x100         | appbits |           length              |
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
      |      ID       |      L=6      |E| EDB |  PSI  |      PSSN      
      +-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+-+
          |    PSN    |                   PSSize                      |
      +-+-+-+-+-+-+-+-+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+.+

The semantics of the fields of the RTP Header Extension for the marking of PDU Set and End of Bursts are defined as follows:
-	End PDU of the PDU Set [E] (1 bit): This field is a flag that shall be set to 1 for the last PDU of the PDU Set and set to 0 for all other PDUs of the PDU Set.
-	End of Data Burst [EDB] (3 bits): The EDB field is 3 bits in length and indicates the end of a Data Burst. The 3 bits encode the End of Data Burst indication as per the encoding and guidelines provided in Clause 4.4.2.6.1.
-	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 RTP stream. 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.
-	PDU Set Sequence Number [PSSN] (10 bits): The field encodes the sequence number of the PDU Set to which the current PDU belongs acting as a 10-bit numerical identifier for the PDU Set.
NOTE 2:	This value wraps around at 1023, however, using the RTP packet sequence number and PSSN pair a receiver may uniquely distinguish between any PDU Sets.
-	PDU Sequence Number within a PDU Set [PSN] (6 bits): The sequence number of the current PDU within the PDU Set. The PSN shall be set to 0 for the first PDU in the PDU Set and incremented monotonically for every PDU in the PDU set in order of transmission from the sender. 
NOTE 3:	A receiver may use the RTP packet sequence number together with the PSN to distinguish between PDUs within a PDU Set that contains more than 64 PDUs.
-	PDU Set Size [PSSize] (24 bits): The PDU Set Size indicates the total size of all PDUs of the PDU Set to which this PDU belongs. This field is optional and subject to an SDP signaling offer/answer negotiation, where the Application Server may indicate whether it will be able to provide the size of the PDU Set for that RTP stream. If not enabled, the field should not be present. If enabled, but the Application Server is not able to determine the PDU Size for a particular PDU Set, it should set the value to 0 in all PDUs of that PDU Set. The PSSize shall indicate the size of [a PDU Set including RTP/UDP/IP header encapsulation overhead of its corresponding PDUs] / [sum of RTP payload sizes of all PDUs present in a PDU Set]. The PSSize is expressed in bytes. This field may be optionally present given the signaling of the “pdu-set-size” extension attribute in the SDP offer/answer negotiation.




This gives us 4 bits for the PSI, with zero being the highest importance and 15 the lowest. For the threshold, two approaches are possible depending on whether we want to allow applying the 2nd timer value to all PDU sets:
-	PSI higher than or equal to the threshold: all PDU sets of PSI higher than or equal to the threshold apply the 2nd value. If the threshold = 0, PDU sets of any importance apply the 2nd timer value.
-	PSI higher than the threshold: all PDU sets of PSI higher than the threshold apply the 2nd value. This does not allow PDU sets of PSI = 0 to apply the 2nd timer value but frees one codepoint (as there is no PSI higher than 15).
One could argue that the first option is not fully based on PSI as it allows applying the 2nd timer value to any PDU set, regardless of their importance.
Proposal 4: discuss whether the PSI threshold in the PDCP control PDU should be interpreted as "higher than" or "higher than or equal to".
Regarding the duration, it would seem desirable to have both zero and infinity:
-	zero value: allow one shot operation that could be enough in some scenarios.
-	infinity value: to avoid sending multiple commands when the 2nd timer needs to be applied for long periods of time.
Regarding the range, T-StatusProhibit could be a good starting point, resulting in the following range:
{ms0, ms5, ms10, ms15, ms20, ms25, ms30, ms35, ms40, ms45, ms50, ms55, ms60, ms65, ms70, ms75, ms80, ms85, ms90, ms95, ms100, ms105, ms110, ms115, ms120, ms125, ms130, ms135, ms140, ms145, ms150, ms155, ms160, ms165, ms170, ms175, ms180, ms185, ms190, ms195, ms200, ms205, ms210, ms215, ms220, ms225, ms230, ms235, ms240, ms245, ms250, ms300, ms350, ms400, ms450, ms500, ms800, ms1000, ms1200, ms1600, ms2000, ms2400, infinity, spare1}
Proposal 5: for the duration of applying the 2nd discard-timer value in the PDCP control PDU, consider the same values as for T-StatusProhibit, with the addition of zero and infinity.
Obviously, there can be scenarios where the PSI-discard mechanism needs to be turned off, for instance when the congestion situation was subdued. This means that the control PDU needs to carry an indication to disable the 2nd timer value. The duration discussed above could also apply to such a disable indication i.e. when infinity is signalled, the 2nd timer value is disabled for as long as another command is not received, and when a non-infinity value is used, the 2nd timer value is only suspended temporarily.
Proposal 6: the PDCP control PDU needs to carry an indication to disable the 2nd discard-timer value.
One drawback with PSI-based discarding is that if uplink PDUs are discarded by the UE, in line with commands from the network, before they are actually outdated (as determined by the PDCP discard timer configured based on P(S)DB like currently), the discarding may prove unnecessary in the end: after the network switches the UE back to the regular operation meant for a congestion-free state, the UE could still have non-outdated uplink PDUs for transmission if it had not discarded them prematurely in adhering to the previous command.
Observation 1: A drawback with PSI-based discarding is that uplink PDUs may unnecessarily end up discarded before they are actually outdated based on their PDB/PSDB.
Therefore, instead of PSI-based discarding, a mechanism could be considered that prohibits or restricts submission of uplink PDUs from PDCP to RLC, whenever the mechanism has been activated by the network. Assuming that discarding would be left to the legacy PDCP discard timer:
· an uplink packet that this proposed transmission restriction would render outdated in the UE buffer would still be discarded by the legacy PDCP discard timer;
· once the network lifts the transmission restriction (when the congestion is alleviated), the packets to which the restriction previously applied can still be transmitted, provided that their discard timer has not yet expired.
The advantage over PSI-based discarding described earlier is that uplink packets would not be discarded prematurely, but only once actually outdated. Meanwhile, uplink congestion could still be alleviated by UEs holding back less important data for as long as commanded by the network – while after such a time, transmission of such data would still be possible.
Proposal 7: To avoid unnecessary PDU discarding, consider PSI-based restriction or prohibition of submitting uplink PDUs from PDCP to RLC.

3	Other Discard Impacts
The discarding of PDUs is currently quite basic in PDCP [38.323] and RLC [38.322]:
-	PDCP reads the following:
	
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.




-	 While RLC reads the following:
	
When indicated from upper layer (i.e. 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.




At RLC, the current discard procedure is limited to the scenarios where neither the RLC SDU nor a segment thereof has been submitted to the lower layers. This limitation is aligned between RLC AM and RLC UM, even though in RLC UM there seems to be no strong reason against discarding a remaining tail segment, since in RLC-UM an incompletely received SDU will not hold back:
-	Delivery of other SDUs to higher layer (since NR RLC does not perform reordering); 
-	The reception window since it will be pulled forward by any out-of-window PDUs if received.
Besides, the current discarding cannot introduce any SN gap in case of RLC AM. 
The mechanisms are quite basic because they were designed under the assumption that discard is more of an error case. For XR services, the assumptions are different: discard can be frequent. Without any optimisations, it would not always be possible to avoid transmitting data that is known to be useless for the receiver, and as a result, the capacity and power saving gains would be limited. Thus, for the sake of capacity and power consumption, when discard is triggered for XR services, it should actually occur. Furthermore, XR services have low latency requirements, and any discard procedure should not increase delays due to reordering.
Therefore, to allow PDCP and RLC SN gaps from discarding, in both the protocols an indication should be introduced from the transmitting entity to the receiving entity that reception of PDU(s) with given SN(s) is not to be expected.
Proposal (8: in both PDCP and RLC AM, introduce an indication from the transmitting entity to the receiving entity that reception of PDU(s) with given SN(s) is not to be expected.
Furthermore, in RLC UM the unnecessary restriction of not discarding remaining tail segments should be removed.
Proposal 9: when indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting UM RLC entity shall discard the indicated RLC SDU even if a segment thereof has been submitted to the lower layers.

In RoHC, successful decompression of a compressed header requires that the most recent packet with uncompressed header has been received. If header compression operates independently of PDU sets, decompression of headers in a given PDU set can depend on reception of an uncompressed header belonging to the previous PDU set. This means that discarding of PDCP PDUs in a given PDU set can propagate as decompression-based packet losses to the following PDU set. The worst case is when PSIHI is configured, as then the loss will effectively propagate to all packets of the following PDU set.
Observation 2: If header compression operates independently of PDU sets, discarding of PDCP PDUs in a given PDU set can propagate as decompression-based packet losses to the following PDU set. When PSIHI is configured, the loss will effectively propagate to all packets of the following PDU set.
Such loss propagation to a whole PDU set can be prevented if the first PDU in a PDU set always carries complete header information. In contrast, the non-first PDUs of the PDU set may well have compressed headers since, when PSIHI is configured, those PDUs are anyway not needed if the first PDU is lost.
Proposal 10: When PSIHI is configured, a RoHC compressor shall include complete header information in the first PDU of every PDU set.
4	Conclusion
This document has made the following observations and proposals:
Observation 1: A drawback with PSI-based discarding is that uplink PDUs may unnecessarily end up discarded before they are actually outdated based on their PDB/PSDB.
Observation 2: If header compression operates independently of PDU sets, discarding of PDCP PDUs in a given PDU set can propagate as decompression-based packet losses to the following PDU set. When PSIHI is configured, the loss will effectively propagate to all packets of the following PDU set.
Proposal 1: PSI-based discard relies on a 2nd value for the discard timer configured by RRC and a control PDU carrying at least a PSI threshold to control which PDU sets are to apply the 2nd value, and a duration to tell for how long the PSI-based discard is to be applied.
Proposal 2: consider the following range for the 2nd value of the discard timer {ms0, ms0dot5, ms1, ms2, ms5, ms10, ms20, ms30, ms40, ms50, ms60, ms75, ms100, ms150, ms200, ms250 }
Proposal 3: Activation of PSI-based discard timer relies on a PDCP Control PDU.
Proposal 4: discuss whether the PSI threshold in the PDCP control PDU should be interpreted as "higher than" or "higher than or equal to".
Proposal 5: for the duration of applying the 2nd discard-timer value in the PDCP control PDU, consider the same values as for T-StatusProhibit, with the addition of zero and infinity.
Proposal 6: the PDCP control PDU needs to carry an indication to disable the 2nd discard-timer value.
Proposal 7: To avoid unnecessary PDU discarding, consider PSI-based restriction or prohibition of submitting uplink PDUs from PDCP to RLC.
Proposal 8: in both PDCP and RLC AM, introduce an indication from the transmitting entity to the receiving entity that reception of PDU(s) with given SN(s) is not to be expected.
Proposal 9: when indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting UM RLC entity shall discard the indicated RLC SDU even if a segment thereof has been submitted to the lower layers.
Proposal 10: When PSIHI is configured, a RoHC compressor shall include complete header information in the first PDU of every PDU set.

