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Introduction

PDU-Set Discard operation for XR has been discussed in the previous RAN2 meetings with the following agreements reached: 

	RAN2#121bis Agreement:
2: PDU set discard is modelled using the existing PDCP discard timer for the uplink. The timer is in network control.

RAN2#121 Agreement:
RAN2 thinks UL jitter may be present for XR (e.g. for tethering use cases). It is unclear how network would use UL jitter information (depends on what would be signalled, and would anyway be up to network implementation). 

RAN2 intends to support tethering use case for XR. This may require signalling of some UL traffic arrival information from UE to network.

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.
RAN2#122 Agreement:

2: 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



And in last RAN2#123 meeting, some extensive discussions on the PSI-based discarding mechanism have been carried out, but the situation with PSI discarding was quite stuck and no decision can be made between two main solutions on the table. Hence, in this contribution, we focus on the investigation of the potential RAN impacts of the PDU discarding to progress the study of XR enhancement, as follows:
Issue : selection of discard mechanisms for PSI
Option 1 More than one timer-based discard for PSI

Option 2 PSI value threshold- based discard

Option 3 Buffer size threshold- based discard
Discussion
Reason for deadlock discussion
As mentioned above, in last RAN2 meeting, although there was extensive discussion on the usage of PSI for PDU-set based discard, the situation with PSI discarding was quite stuck and no decision can be made between two main solutions on the table. 

From our perspective, the reason bring the discussion into a stalemate are as follows:
Both timer-based discard and PSI value threshold-based discard have to rely on the network to make decision on the specific PSI to be discarded (via timer value for the given PSI or threshold of PSI level) and corresponding buffer size to be discarded (via timer value for the given PSI or discard all buffer size of PSI level which below the threshold).

As above-discussed two options (timer-based or threshold-based), to simply the signaling and UE processing, the 16 PSI levels can be classified into two categories, however, this will lead to the effects of alleviating the network load is not so accurate, excessively discard the XR traffic data or data discarding is not in place. 

Observation 1: as discussed two options(timer-based or threshold-based), to simply the signaling and UE processing, the 16 PSI levels can be classified into two categories, however, this will lead to the effects of alleviating the network load is not so accurate, excessively discard the XR traffic data or data discarding is not in place. 

Observation 2: the reason bring the discussion into a stalemate is that both timer-based discard and PSI value threshold-based discard have to rely on the network to make decision on the specific PSI to be discarded and corresponding buffer size to be discarded.
However, since the discarding is performed based on PSI and remaining delay time etc., only the UE can identify how much data per PSI is generated by the application (RAN2 agreed that no in-band PDU set information in UL).  Obviously, it is difficult for gNB to determine which PSI(s) can be discarded or which PSI(s) are unimportant while not knowing which PSI(s) and how much data in the UE. As mentioned by one company during email discussion, the NW does not know the data volume distribution among different PSI levels. On the other word, it is impossible for the gNB to indicate an effective PSI threshold since it doesn’t know the traffic distribution for all PSI levels and which PDU sets are most important to UE.
On the other hand, the NW is the entity which only have a clear idea of the congestion status of current/near future and derive the network current data transmission capability in case of such congestion status.
Table 1: Different knowledge obtained by  gNB and UE
	
	gNB
	UE

	Congestion status
	Yes
	NO

	Data transmission capability

 in case of  current congestion status
	Yes
	NO

	Allowed data buffer size 

 kept in UE’s buffer or transmitted in Uu interface
	Yes
	NO

	PSI levels 

of the data in the UE buffer
	NO
	Yes

	Data volume distribution 

among different PSI levels in the UE buffer
	NO
	Yes


Observation 2: since the discarding is performed based on PSI and remaining delay time etc.,only the UE can identify how much data per PSI is generated by the application (RAN2 agreed that no in-band PDU set information in UL) . 

Observation 3: it is difficult for gNB to determine which PSIs can be discarded or which PSIs are unimportant while not knowing which PSIs and how much data in the UE, i.e., the NW does not know the data volume distribution among different PSI levels.

Observation 4: the NW is the entity which only have a clear idea of the congestion status of current/near future and derive the network current data transmission capability in case of such congestion status. 

Hence, the best way is that gNB just signals an indication of allowed data buffer size kept in UE’s buffer or transmitted in Uu interface, which is derived by gNB based on the network current data transmission capability in case of congestion status, then the UE can discard the data based on the corresponding PSI level, remaining time, etc. .
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Figure 1 An illustration of Buffer size-based discarding based on PSI
Proposal 1: it is proposed that the way forward of discard for PSI is that the UE makes decision on  which PSI(s) can be discarded and the data volume to be discarded for a given PSI in the UE.
Option 3 Buffer size threshold-based discard

As above-discussed options, to simply the signaling and UE processing, the 16 PSI levels can be classified into two categories, however, this will lead to the effects of alleviating the network load is not so accurate, excessively discard the XR traffic data or data discarding is not in place. On the other hand, the NW is the entity which only have a clear idea of the congestion status of current/near future and derive the network current data transmission capability in case of such congestion status. Hence, it is proposed to introduce a indication of data buffer size to be discarded or kept which is derived by gNB based on the network capacity or congestion level and signal to UE.
Essentially, the mechanism of PSI-based discarding in case of congestion is a kind of flow control in Uu interface for XR service. In DC, the flow control for Xn had been specified in R12, as captured in TS 36.425 as follows:
X2 user plane protocol(which is interface between MeNB and SeNB in LTE DC)
5.1
General

The X2 UP protocol layer is using services of the transport network layer in order to allow flow control of user data packets transferred over the X2 interface.

5.2
X2 user plane protocol layer services

The following functions are provided by the X2 UP protocol:

-
Provision of X2 UP specific sequence number information for user data transferred from the MeNB to the SeNB for a specific E-RAB configured with the split bearer option;

-
Information of successful in sequence delivery of PDCP PDUs to the UE from SeNB for user data associated with a specific E-RAB configured with the split bearer option;

-
Information of PDCP PDUs that were not delivered to the UE;

-
Information of the currently desired buffer size at the SeNB for transmitting to the UE user data associated with a specific E-RAB configured with the split bearer option;

-
Information of the currently minimum desired buffer size at the SeNB for transmitting to the UE user data associated with all E-RABs configured with the split bearer option.

DL DATA DELIVERY STATUS (PDU Type 1)

This frame format is defined to transfer feedback to allow the receiving MeNB to control the downlink user data flow via the SeNB when the length of the PDCP SN is less than 16 bits.

	Bits
	Number of Octets

	7
	6
	5
	4
	3
	2
	1
	0
	

	PDU Type (=1)
	Spare
	Final Frame Ind.
	Lost Packet Report
	1

	Highest successfully delivered PDCP Sequence Number
	2

	Desired buffer size for the E-RAB
	4

	Minimum desired buffer size for the UE
	4

	Number of lost X2-U Sequence Number ranges reported
	1

	Start of lost X2-U Sequence Number range
	4* (Number of reported lost X2-u SN ranges)

	End of lost X2-U Sequence Number range 
	

	Padding
	0-3



Figure 5.5.2.2-1: DL DATA DELIVERY STATUS (PDU Type 1) Format

Hence, it is effective way to perform flow control on the service date via allowed buffer size for the UL transmission during congestion. For example, gNB can provide UE with an allowed buffer size value in DRB granularity, based on the gNB capability of UL data transmission for the DRB. Once the gNB detects the congestion situation, then buffer size based PDU discard will be started or activated in UE side. The UE will discard PDCP PDU(s) in a DRB whenever the amount of PDCP data in that DRB exceeds allowed buffer size value. 
Observation 6: Per the flow control mechanism in LTE DC, it is effective and traditional way to perform flow control on the service date via notifying the sending entity an allowed buffer size of the transmitting entity during congestion. 
Proposal 2: it is proposed to introduce option3 [2], i.e., a indication of allowed data buffer size which is derived by gNB based on the network capacity or congestion level and signal to UE. And the UE will discard PDCP PDU(s) in a DRB whenever the amount of PDCP data in that DRB exceeds allowed buffer size value. 

FFS if the NW indication is a one-shot or also subsequent packets

From our perspective, it is more reasonable that the indication is not one-shot, but rather for subsequent packets. This means that the UE keeps employing the PSI-based discard mechanism, after reception of gNB’s indication. Subsequently, the UE will stop the PSI-based discard mechanism and switch to default PSDB-based discard mechanism, upon reception of gNB’s refresh signaling to indicate the UE switching the default PSDB-based discard mechanism or indicate the congestion-less status.
Observation 7:  The effective way is that the UEs switch to default PSDB-based discard mechanism, upon reception of gNB’s refresh signaling to indicate the UE being able to switch the default PSDB-based discard mechanism. Otherwise,the UE keeps employing the PSI-based discard mechanism after reception of gNB’s indication for PSI-based discarding.
Proposal 3: it is proposed that gNB’s indication of triggering the PSI-based discard mechanism is not one-shot, but rather for subsequent packets as well.
3 Conclusions
Observation 1: As above-discussed two options, to simply the signaling and UE processing, the 16 PSI levels can be classified into two categories, however, this will lead to the effects of alleviating the network load is not so accurate, excessively discard the XR traffic data or data discarding is not in place. 

Observation 2: the reason bring the discussion into a stalemate is that both timer-based discard and PSI value threshold-based discard have to rely on the network to make decision on the specific PSI to be discarded and corresponding buffer size to be discarded.
Observation 3: since the discarding is performed based on PSI and remaining delay time etc.,only the UE can identify how much data per PSI is generated by the application (RAN2 agreed that no in-band PDU set information in UL) . 

Observation 4: it is difficult for gNB to determine which PSIs can be discarded or which PSI(s) is(are) unimportant while not knowing which PSI(s) and how much data in the UE, i.e., the NW does not know the data volume distribution among different PSI levels.

Observation 5: the NW is the entity which only have a clear idea of the congestion status of current/near future and derive the network current data transmission capability in case of such congestion status. 

Observation 6: Per the flow control mechanism in LTE DC, it is effective and traditional way to perform flow control on the service date via notifying the sending entity an allowed buffer size of the transmitting entity during congestion. 

Observation 7:  The effective way is that the UEs switch to default PSDB-based discard mechanism, upon reception of gNB’s refresh signaling to indicate the UE being able to switch the default PSDB-based discard mechanism. Otherwise,the UE keeps employing the PSI-based discard mechanism after reception of gNB’s indication for PSI-based discarding.

Therefore, we provide the following proposals based on above observations:
Proposal 1: it is proposed that the way forward of discard for PSI is that the UE makes decision on  which PSIs can be discarded and the data volume to be discarded for a given PSI in the UE.
Proposal 2: it is proposed to introduce option3 [2], i.e., a indication of allowed data buffer size which is derived by gNB based on the network capacity or congestion level and signal to UE. And the UE will discard PDCP PDU(s) in a DRB whenever the amount of PDCP data in that DRB exceeds allowed buffer size value. 

Proposal 3: it is proposed that gNB indication of triggering the PSI-based discard mechanism is not one-shot, but rather for subsequent packets as well.  
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