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1	Introduction
This document is the report of the following email discussion:
Offline 205 (Ericsson): Clarify the options on the table for PSI-based discard. CB Thursday. 

2	Contact Points
Respondents to the email discussion are kindly asked to fill in the following table.
	Company
	Name
	Email Address

	LG Electronics
	SeungJune Yi
	seungjune.yi@lge.com

	Nokia
	Benoist SÉBIRE
	benoist.sebire@nokia.com

	Futurewei
	Yunsong Yang
	yyang1@futurewei.com

	Lenovo
	Joachim Löhr
	jlohr@lenovo.com

	Apple
	Ping-Heng Wallace Kuo
	pingheng_kuo@apple.com

	NEC
	Hayashi Satoaki
	satoaki-hayashi@nec.com

	Samsung
	Vinay Kumar Shrivastava
	shrivastava@samsung.com

	Huawei, HiSilicon
	Li Qiang
	qiangli3@huawei.com

	Canon
	Yacine EL KOLLI
	yacine.elkolli@crf.canon.fr

	InterDigital
	Winee Lutchoomun
	Winee.lutchoomun@interdigital.com 

	Qualcomm
	Linhai He
	linhaihe@qti.qualcomm.com

	Spreadtrum
	Xiaoyu Chen
	xiaoyu.chen@unisoc.com

	CMCC
	Chaili
	chaili@chinamobile.com

	KDDI
	Hiroki TAKEDA
	ho-takeda@kddi.com

	CATT
	Pierre Bertrand
	pierrebertrand@catt.cn

	Fujitsu
	Sue Yi
	yisu@fujitsu.com

	OPPO
	Zhe Fu
	fuzhe@OPPO.com

	Intel
	Marta Martinez Tarradell
	marta.m.tarradell@intel.com

	Xiaomi
	Yanhua Li
	Liyanhua1@xiaomi.com

	Ericsson
	Richard Tano
	Richard.tano@ericsson.com

	ITRI
	Tzujen Tsai
	tjtsai@itri.org.tw

	III
	Yenchih Kuo
	jasonkuo@iii.org.tw

	Google
	Shiangrung Ye
	shiangrungye@google.com

	Vivo
	Chenli
	Chenli5g@vivo.com



3	Agreements
The latest agreements on PSI based discarding from #122:
-	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
3	Discussion
The proposed solutions for PSI based discarding that have the strongest support can basically be boiled down to two options: timer-based (Option A) or threshold-based (Option B). When network determines there is congestion and PSI based discarding should be used it indicates to UE to apply PSI based discarding via dedicated signalling (agreement from #122). The two options will when activated behave differently:
· Option A: Timer-based set a new discard timer value, i.e. a congestion timer value.
· These congestion values should be possible to configure with different values for different PSI levels (otherwise the mechanism would not be PSI based).
· Option Ab: there are just two timer values to configure, a non-congestion (i.e., the legacy discardTimer) one and a congestion one. When congestion occurs, PDU Sets with a PSI under an indicated threshold apply the congestion timer value; otherwise, apply the non-congestion timer value. So, the configuration of the timer value is not PSI-dependent, but applying which of the two configured timer value is PSI-dependent.
· Option B: Threshold-based drops directly PDU Sets which have PSI below the threshold (e.g. as soon as they enter the buffer or directly when the PSI based discarding is activated in the UE).
· Option Bb: gNB just signals a indication of data buffer size to be discarded or kept in UE’s buffer, 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. . 
· Option C:  There is only one PDCP discard timer for each PSI, which is used in both normal and congestion. When congestion is activated, PDUs with selected PSIs (e.g. low importance) are dropped once their remaining time drops below a configured threshold. This threshold can be set to the PDCP discard timer to implement immediate discard. Or it can be set to 0 for PSI levels which are excluded from congestion based discard. Delay status reporting is not affected by congestion, because the same PDCP discard timer is used irrespective of the congestion state.
· 
Question 1: Do you agree that Option A and Option B are the two categories of solution to choose from for PSI based discarding or do you have another solution in mind? If so explain the solution and name it (Option C…). 
	Answers to Question 1

	Company
	Yes/No
	Technical Arguments

	Nokia
	Yes
	We understand PSI-based discard as applying a 2nd discard timer to a subset of the PDU sets based on their PSI. This requires the network to configure a 2nd discard timer and signalling a PSI threshold. If the 2nd timer is 0, then PDU sets are dropped directly.

	Futurewei
	-
	There could be a variant under Option A, which has some flavour of Option B. We have inserted it as Option Ab above. 
We can characterize both Option A and Option Ab as the soft-decision approach (since the decision of discarding is still based on running a timer), and Option B as the hard-decision approach, meaning the decision of discarding is made upon the arrival of the SDU.  It would be helpful if we can at least converge on soft or hard approach first.

	Lenovo
	Yes
	There could be more variations of Option A, but the two categories are basically timer based discard (as in legacy) or based on PSI level threshold

	Apple
	Yes
	We would like to point out that, for Option A, all packets shall use the same (the default discard timer) regardless of their PSI when there is no congestion (i.e. when the PSI-based discarding mechanism is deactivated).

We believe Option Ab proposed by Futurewei is a variant of Option A where the PSI are classified into two groups (Relating to Q3).

	NEC
	Yes
	PSI-based discard can be realized by either timer-based (Option A) or PSI-threshold based (Option B). 
For Option B, there is another alternative that the network can also indicate the ratio of PDU Sets to be discarded based on the congestion levels. Instead of discarding all PDU Sets below a threshold (which may discard more PDU Sets than needed), UE could discard PDU Sets with lower importance first until the ratio is met. For example, If 4 PSI levels (0~3) are defined, and 0 is the highest PSI level and 3 is the lowest PSI level. If the indicated PSI level is 2, all PDU Sets with PSI level 3 shall be discarded first, and then PDU Sets with PSI level 2 shall be discarded until the indicated ratio is met. In other words, not all PDU Sets with PSI level 2 shall be discarded in this alternative.

	Huawei, HiSilicon
	Yes
	PSI GROUP specific Timer, is a kind of Option A where 16 PSI levels are classified into 2 groups (higher priority and lower priority). Each group corresponds to 2 timer values. So we would suggest slightly revise the current text for Option A as “configure with different values for different PSI levels or different PSI groups” to cover both (unless it is clear this is already a variant of option A).

	TCL
	Yes
	Option A is supported, since it is flexible and simple.


	Canon
	Yes
	Agree with characterization from Futurewei with a preference for the soft-decision approach

	InterDigital
	Yes
	The two broad categories are timer-based discarding and non timer-based discarding (which only considers the PSI threshold). Support the addition of option Ab from Futurewei. 

	Qualcomm
	Yes
	

	Spreadtrum
	Yes
	Those two solutions represent the typical solutions for PSI based discarding.

	CMCC
	Option Bb
	· Firstly, the NW is the entity which can 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. 
· Secondly, 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 PSIs can be discarded or which PSIs are unimportant while not knowing which PSIs and how much data in the UE.
· 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. 

Hence，the best way is that gNB just signals a indication of data buffer size to be discarded or kept in UE’s buffer, 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. . 



	CATT
	Yes
	We understand QC’s additional option C falls into the variants of Option A since the difference in discarding different PSIs comes from applying different durations of running timers.  

	Fujitsu
	Yes
	Option A and B almost covers all possible solutions. Others are just varieties of Option A or B, mostly A actually. It is better we first choose between option A and B to move forward. We don’t need to discuss about the varieties now.

	OPPO
	Yes
	Option A and Option B are major solutions. Others are the variants.

	Intel
	Yes
	Option A), B) and C) seems to summarize in high level the different umbrella of solution. In our understanding, solution Ab) can be also considered as part of option A).

	Xiaomi
	Yes
	Option A and B covers all possible solutions.


	Ericsson
	Yes
	The proposed new options Ab and C can be viewed as subsets of Option A. They are essentially modeling details of doing PSI based discarding with new timer values. Those described options shows the flexibility of Option A. However this also indicate that Option A probably requires more discussion and likely will take time to converge to a single solution. While Option B is simpler (Option Bb is proposed as an alternative solution to Option B but seems more complicated, for example how do network know how much data in the UE that can be discarded since it doesn’t know how much data that belongs to low level PSI?).

	ITRI
	Yes
	We support Option A and C. The hard-decision of Option B may not meet the requirements from SA4 (low packet-loss rate at application layer is preferred due to the user experience.)

	III
	Yes
	Option A and B can be used as a solution to alleviate congestion.

	Google
	Yes
	Option A and B have distinguishable technical differences.

	vivo
	Yes
	Even though there exist all kind of variants, PSI based discard are essentially classified into timer based solution and PSI threshold based solution.

	ZTE
	Yes
	They are two main solution.



Summary 1: There seems to be a common understanding between companies that timer-based (Option A) or threshold-based (Option B) are the two major options to choose from for PSI based discarding, while most also acknowledge that there exist subset of solutions (mainly for Option A).
Proposal 1: RAN2 to select between either a timer-based or threshold-based PSI based discarding. Both solution spaces can contain subset of solutions.

The main difference between the two options seems to be that Option A give more flexibility but with the cost of more complexity (e.g. a timer value of 0 would also mean that the PDU Sets are dropped directly but a timer value >0 could still give some opportunity for those packets to be transmitted). Therefore it is relevant to determine if this added flexibility is at all useful to have. 
Question 2: Do you think it can be beneficial to not always drop selected PSI levels (e.g. low importance packets) directly when in congestion? 
	Answers to Question 2

	Company
	Yes/No
	Technical Arguments

	LG
	No
	Congestion situation would not occur frequently. So, the congestion alleviation mechanism should be made simple. We think using different timer values per PSI makes the UE implementation complicated, the specification complex, and the signalling overhead increased. Moreover, setting a new timer value would not resolve the network congestion situation immediately, because the new timer value is applied only after the current running timer expires.

	Nokia
	Yes
	We think this could help preventing congestion to occur.

	Futurewei
	-
	It dependents on how bad the congested condition is. Based on SA4 LS, it is always bad for user experience if a PDU Set is dropped. On the other hand, giving a lower importance PDU Set a shorter discard timer value means that the transmitter will still attempt to transmit it, with a risk that the partially transmitted PDU Set will be eventually discarded anyway.

	Lenovo
	Yes
	There might be still the possibility to transmit some packets even in case of congestion.  Furthermore we agree with Nokia’s comment.

	Apple
	Yes
	This is clear in one of the previous reply LS from SA4 to SA2 (S4-220505), it is mentioned that:

SA4 would like to point out, that due to its heavy-compression and spatial-temporal prediction, any packet losses in video generally result in degradation of the user-perceived quality of experience. Hence, video applications generally (i) benefit, (ii) are more efficient and (iii) can be simplified, if the network minimizes video packet losses.

Therefore, from Application perspective this is beneficial not to drop packets directly when there are still opportunities for transmission.

	NEC
	Yes
	Agree with Apple that it would be beneficial not to drop packets directly to give opportunities for transmitting packets.
As mentioned in Q1, we think lower importance packets can be discarded first until the ratio is met. It can meet the requirement of discarding lower importance PDU Sets first and not discard more packets than needed.

	Samsung
	No
	We think congestion situation is not often happening and need to be dealt with urgently. Selected PSI levels provide a good and easy handle to network to address congestion quickly with indicating a suitable PSI threshold level. We share the view with LG the congestion handling mechanism needs to be simple. Different discard timers is a complicated approach and it is also not clear how and what timer values can be (re-)configured to handle congestion.

	Huawei, HiSilicon
	Yes
	It of course can improve the user experience. Besides, we don’t think Option A is more complex than Option B. Since there are 16 PSI levels available, but for a certain application, it may only use part of these PSI levels (application A use level 1,3,5 while application B use 2, 10, 12), so how can option B works if the NW does not know the data volume distribution among different PSI levels. If we let UE report data volume distribution (per application) to NW for Option B, Option B would be quite complex.

	TCL
	Yes
	We think not always dropping selected PSI levels (e.g. low importance packets) directly can resolve congestion as well as fulfill the QoS requirement for different PSI levels.



	Canon
	Yes
	We think that congestion is likely to arise. Therefore some flexibility would be appreciated. In this respect, one may also consider the PSIHI (if PSIHI is set for low importance PDU Sets)

	InterDigital
	Yes
	It’s better to provide an opportunity (time window) to transmit the packets versus directly doing discard.

	Qualcomm
	Yes
	SA4 have already informed us that PDUs should not be discarded unless it is really necessary. We think this recommendation should be taken into consideration even when there is congestion. Hence we should not always drop selected PSI levels (e.g. low importance packets) directly when in congestion. 

	Spreadtrum
	Yes
	There still have chances to continue the transmission. And directly discarding the PDU sets below a certain PSI threshold may not be fair to the UE who only has low PSI PDU Sets (if the case exists).

	CMCC
	Yes
	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. Hence，the best way is just 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.

	KDDI
	No
	Share the view with LG, Congestion situation would not occur frequently. So, the congestion alleviation mechanism should be made simple.

	CATT
	No
	The congestion state reflects a situation where the UE buffer is overloaded by PDU Sets waiting for being transmitted, and therefore, which discard timers are still running. Solving the congestion by discarding PDUs aims at removing the overload by 1) reducing the data queue in the UE buffer and 2) guarantee it is kept low by new incoming data. The benefit from not always dropping all low-importance PSIs depends on whether the NW is able to configure a reduced discard timer for such low-importance PSIs that both achieve reducing the data queue to a reasonable level while not discarding all of them. But it is just impossible for the NW to assess which reduced timer value will “softly” achieve this goal. And the risk is that the reduced timer is not aggressive enough and simply does not solve the congestion at all. Therefore it is better to discard them all.  

	Fujitsu
	No
	Option A may have more flexibility, but with unnecessarily extra work. The UE has to play with too many discard timer values, and the network needs to figure out how to configure proper discard timer values for all or groups of PSI, in congestion and non-congestion scenario. This will increase both UE and gNB implementation complexity. If the network indicates the congestion, then it indicates that the discard should be done now. It is easier just discard it right away. If some buffered data has a long remaining timer value, the timer cannot be reset so the timer-based approach will not be effective.

	OPPO
	Yes
	Agree with Apple’s comments. Also, if the congestion is not very heavy, there is still some room to allow the transmission of packets belonging to the less important PDU sets. 

	Intel
	See comment
	Congestion should be a rare event but when happening, it is critical for network to reduce the amount of data “fast”. Therefore, we understand that it is preferable to discard all non-critical packets. However, if the congestion is not as extreme/partial, it could be helpful not always drop all the selected PSI levels immediately.

	Xiaomi
	Yes
	For option B, UE immediately discards packets up to given PSI level based on congestion detection which alleviates the temporary congestion very quickly but at the expense of user experience. We would rather to adopt other ways for alleviating congestion, e.g., handover some UEs to other cells.

	Ericsson
	Yes
	Theoretically it is as beneficial to being able to discard low levels packets but giving them a low chance to be transmitted first, as it is that there is any benefit AT ALL of discarding packets based on PSI. It has in reality not been shown in any way that PSI based discarding is beneficial for XR capacity. RAN2 is now deciding without any technical evidence and it is as likely to guess that giving some chance to transmit low level packets can be beneficial (e.g. to alleviate congestion before the system is completely overloaded).
For Option A it would be up to network to configure the timer values for what it thinks would be good. If it can’t determine such values it would either set them to 0 or not change the values at all, essentially giving Option B performance. 
Perhaps the details on usefulness will be clearer in the future, when understanding of XR traffic is more developed, and then this flexibility could potentially be good. But again doing any type of PSI based discarding is currently only a guess. Instead we need to remind ourselves that what has been shown, through evaluations, is that doing early discarding of ALL data that can’t meet the delay requirements is beneficial. Not only discarding the low importance packets (which likely are the small packets).

	ITRI
	Yes
	Our understanding of SA4’s view is that packet loss is undesirable even there occurs a congestion because it may cause a bad user experience. 

	III
	Yes
	Share the same view with Apple. Even under congestion, UE still has a chance to transmit some packets.

	Google
	No
	If there is a need to drop data, low PSI data should be dropped first. For example, if congestion happens, we should always drop P frame or B frame first instead of I frame. 

	vivo
	No
	Share the same view with LG that congestion will not frequently occur. We prefer to make the congestion solution simper as much as possible.

	ZTE
	No
	In cell congestion state, directly drop the PDU set with the selected PSI levels can decrease the cell load quickly. Transmitting the PDUs of the PDU set with lower PSI will waste the radio resource in cell congestion state and is disadvantage for alleviating the cell congestion state.



Summary 2: Yes: 16/26, No: 8/26, Maybe: 2/26. It seems to be largest support that there could potentially be value in having the extra flexibility of configuring a smaller chance to also transmit low importance packets (example brought up to be used in not as heavily congested scenarios) but the major opposition against this is the concern that the flexibility may come with too much complexity and thus a simpler solution that doesn’t allow such flexibility is preferred.
Proposal 2: RAN2 thinks that a PSI based discarding solution could potentially benefit of having the flexibility to also in congestion transmit low level PSI packets but not at the expense of too high complexity.

Some concerns were raised online that the PSI levels, e.g. the 16 levels, are too much differentiation and a solution need to be working simpler by assigning PSI levels into groups. This comes naturally for Option B as there is only two groups based on the threshold and PDU Sets are either dropped directly or treated as in normal mode. With a timer-based solution it should also be possible to group PSI levels and assign them the same congestion timer. It would however also be possible to arrange PSI levels in more than two groups with different timers (e.g. group X has PSI levels 1-5, group Y has PSI level 6-10, group Z has PSI levels 11-16) with some added flexibility but with the cost of more complexity.
Question 3: Do you think it would be beneficial to group PSI levels into more than two groups (e.g. more than high and low importance packets) to be able to treat these PSI groups differently? (Notice that grouping into more than two groups would only be useful with Option A) 
	Answers to Question 3

	Company
	Yes/No
	Technical Arguments

	LG
	No
	More groups would be beneficial for finer control, but it’s questionable whether such finer control is needed for rare case.

	Nokia
	No
	We think one PSI threshold splitting the PDU sets into two groups is enough.

	Futurewei
	-
	Probably not (due to complexity). That is also why we think Option Ab is a possibility.

	Lenovo
	-
	No strong opinion, but generally we think two groups of PSI levels should be sufficient.

	Apple
	No
	Two groups are sufficient. 

	NEC
	   Maybe
	It depends on the trade-off between complex and flexibility. At least two groups are needed.

	Samsung
	No
	It leads to more complexity and it is not clear what benefits can be drawn from making more than two groups. What is more relevant is to demarcate the two groups of different sizes as needed with a threshold PSI level 

	Huawei, HiSilicon
	No
	Two groups are sufficient. As we have already agreed two ways for UE to identify PDU set information as SA2 agreed in DL for UPF: inspect RTP extension header or based on implementation way (quite useful in case of some security protocols like SRTP/QUIC used). If UE goes the implementation way, then UE may only be able to classify bursts into 2 groups based on some simple traffic patterns (e.g., the size of I frame is normally 2 times more than P frame since I frame encodes more data information). We shouldn’t bind the PDU set discarding in case of congestion with the RTP extension header inspection together.

	TCL
	-
	For option A, it may be not  necessary to group the PSI levels.

	Canon
	-
	Not strong opinion. Still, two groups may be enough

	InterDigital
	-
	Grouping into two groups can be considered as baseline. 

	Qualcomm
	
	The same comment as Lenovo

	Spreadtrum
	-
	No strong view. Two PSI groups is enough. But if it is needed, more than two PSI groups is also OK.

	KDDI
	No
	Share the view with LG and Sumsung, It leads to more complexity and it is not clear what benefits.

	CATT
	No
	Two groups are sufficient for discarding a fraction of PDU Sets and require only one threshold.

	Fujitsu
	No
	If Option A is selected, grouping into two should be enough.

	OPPO
	No
	Two groups are sufficient. 

	Intel
	See comment
	It seems preferable to support the granularity defined by SA2/4 on the number levels allowed for the PSI (up to 16). Said this, depending on the chosen solution, the corresponding configuration could be defined to minimize unnecessary signaling (e.g., by the usage of grouping). For example, if timer approach is selected, groups or thresholds of the PSI level could be used to indicate when multiple levels of PSI share the same time; similar signaling optimization could also be enabled depending on how the PSI levels are mapped/defined in relation to the prioritization associated to each of the PSI levels.

	Xiaomi
	No
	It’s a optimization seems not needed.

	Ericsson
	Maybe
	It is not clear what these PSI levels represent or how different treatment of those will impact the application. Potentially one could have different groups activated at different congestion levels (potentially even useful for Option B), but it would increase the complexity of the solution. Even if there would be difference between every PSI level it seems unlikely that it would ever be possible to configure it in a good way and apply different treatment on such granularity level. A simplifying assumption for the solution would be that only two groups (low importance or high importance) is needed.

	ITRI
	-
	No strong view. Two groups may be sufficient. Maybe RAN2 can send an LS to SA4 for any consideration after we have an agreement. 

	III
	No
	We think two group should be enough.

	Google 
	-
	Different type of PDU sets (e.g. I frame, P frame, control, etc) may be associated with different PSI. Depending on application traffic, UE uses different number of PSI levels. We think 16 levels should be sufficient for UE to assign to different types of application packet.  

	vivo
	No
	Two PSI groups is enough.

	ZTE
	No
	In cell congestion state, directly drop the PDU set with the selected PSI levels can decrease the cell load quickly.
If more than two groups are used, it means some group with lower PSIs are easy for discarding, and some group are not easy for discarding. And even for the group with lower PSIs, transmission is still possible, which is disadvantage for decreasing the cell load quickly.



Summary 3: No: 13/25, Maybe/no strong view: 12/25. Most support for having 2 groups being enough. 
Proposal 3: RAN2 thinks that it is sufficient for PSI based discarding solution to handle PSI levels divided into two groups.

Regarding the FFS from last meeting on having the mechanism for one-shot or also subsequent packets it now seem to be a major support for having at least subsequent packet treatment. However arguments were raised in the online session that the threshold based solution (Option B) would make it easy to directly flush the selected PDU Sets from the UE buffer when PSI based discarding is activated. Changing the timer to 0 with Option A could theoretically achieve the same behaviour, but it may be more complicated for already running timers. Thus to instantaneously discard buffered packets it would be favourable with Option B. The question is if this is something companies sees as beneficial.
Question 4: Is it important that the PSI based discarding solution is able to instantaneously discard packets from the UE buffer when activated (i.e. not only work for future arriving packets)? 
	Answers to Question 4

	Company
	Yes/No
	Technical Arguments

	LG
	Yes
	The network provides congestion indication to the UE when it feels there is congestion. Thus, the PSI based discard mechanism should target for alleviating congestion situation as soon as possible.
Changing the timer value at reception of congestion indication (i.e. Option A) does not discard packets in UE buffer immediately because the new timer value is applied only after the current running timer expires.

	Nokia
	Yes
	There should not be any difference between the two options though, so we do not believe having a timer configured to 0 would be more complicated.

	Futurewei
	-
	We interpret “instantaneously discard packets” as “instantaneously apply the new discard policy”, as we think, for Option A or Ab, a new timer value can be applied instantaneously, but it doesn’t necessarily trigger discarding right way.
It should be beneficial (but not sure whether it is important) to do so.

	Lenovo
	-
	Both options would support such behaviour

	Apple
	No
	For Option A, we should not touch the packets that are already in the buffer whose discard timers have already started and are running. This results in complicated UE implementation. Similarly, for Option B we are not sure if this is a good idea to directly drop the packets that are already in the buffer when PSI-based discarding mechanism is activated. In cases where PSIHI-based discarding is also configured, it may be wasteful if many packets in the PDU Set are already delivered.


	NEC
	-
	Both options would support such behaviour

	Samsung
	Yes
	It is important to instantaneously discard lower priority packets during congestion situation and make resources available for higher priority packets. Delaying this step in Option A is not helpful. As also pointed, timer value 0 cannot act immediately, due to running timer. It is also not clear on what basis any other values for discard timers are applied.

	Huawei, HiSilicon
	Not necessary but may be addressed in a simple way
	It seems most important to apply any of the mechanisms to the newly arriving packets, but it may be easy to extend this to the existing packets. As Nokia points out, it seems the same for both options.


	TCL
	Yes
	We think for option A and option Ab, the new timer value will be applicable to both buffered and the future arriving packets.



	Canon
	No
	It may be interesting for UE to wait for less important packets to arrive

	InterDigital
	-
	Discarding of packets already in the UE buffer can work for all the options. However if the NW indicates the congestion before congestion reaches critical level, then just handling subsequent packets may be sufficient (and a simpler solution).


	Qualcomm
	
	We think immediate discard is useful to have, but as an option that network can choose to apply. We do not support it as the only behavior. 

	Spreadtrum
	-
	Both the solutions can work to instantaneously discard packets from UE buffer.

	CMCC
	
	See above

	KDDI
	Yes
	We share the view with Samsung, the two solutions are not the same, timer value 0 cannot act immediately, due to running timer.

	CATT
	Yes
	As discussed in Q2, The congestion state reflects a situation where the UE buffer is overloaded by PDU Sets waiting for being transmitted, and therefore, which discard timers are still running. Solving the congestion by discarding PDUs aims at removing the overload by 1) reducing the data queue in the UE buffer and 2) guarantee it is kept low by new incoming data. Therefore 1) is equally important as 2).

	Fujitsu
	Yes
	See our reply to Q2.

	OPPO
	
	If the congestion is not very heavy, it is fine to only apply the instantaneous discard to the newly arriving packets. If the congestion is severe, it also makes sense to apply the instantaneous discard to the packets in the buffer. 

	Intel
	Yes
	 PSI discard should be applied to packets from UE’s buffers as well as future ones as both would impact to the congestions.

	Xiaomi
	-
	See our reply to Q2.

	Ericsson
	No
	Actually not a single indication that this is beneficial has been shown. The reality is that there will NEVER be many PDU Sets in the buffer with the delay requirements and assumed discarding timers that has been discussed for Rel18 XR. When a congestion indication comes from network the packets that are then in the buffer will already be close to their expiry time. They will likely have transmitted a large portion of their data (if they are low importance packets that are not as large as high importance packets) or in fact the network has not been able to schedule that UE, i.e. it has problem finding radio resources to do so. Thus discarding already existing packets in the UE buffer will NOT free up any significant amount of radio resources and it will NOT be beneficial for XR capacity. Again what has been shown through simulations is that discarding small portions of data doesn’t help XR capacity. 

	ITRI
	-
	Immediate discard may be useful for a severe congestion, and we agree with Nokia that there should not be any difference between the two options. 

	III
	Yes
	See our reply to Q2.

	Google
	Yes
	If congestion happens, it is good to alleviate the congestion as soon as possible. 

	vivo
	Yes
	If the packets with low importance in the UE buffer are not discarded instantaneously, it will still make UE to ask for UL grant for transmission, which does not help for handling the congestion in time.

	ZTE
	Yes
	If not discarded instantaneously, some PDUs of the PDU set may be transmitted before the discardTimer expires, and other PDUs of the PDU set may be discarded when the discardTimer expires. Transmitting some PDUs of a PDU set may waste the radio resource and is disadvantage for decreasing the cell load quickly, especially the cell is in congestion state.



Summary 4: Yes: 15/26, No/questionable/no view 9/26: Seems to be major support that the selected solution should be able to discard immediately what is already in the UE buffer. A suitable follow up question would be if both options can support this behaviour, which the current question doesn’t really give a complete picture of. However a large number of companies decided to provide their view on this and more companies seem to believe that both options support such behaviour: 9 explicitly stated that both options would be able to support this while 4 explicitly stated only Option B would.
Proposal 4: RAN2 think that the selected PSI based discarding solution should be able to instantly discard packets that are already in the UE buffer up on activation

Concerns were raised in the online session that timer-based solution has problems with the reporting of remaining time in the DSR. This would essentially mean that if certain PSI levels got a new timer value (higher than 0 but shorter than the normal timer value) those packets would likely be reported as more urgent data since they have less time left until the discarding point. Since network will not be able to know what PSI level the data in the UE buffer have this data may be interpreted as high importance packets that is close to deadline and network may thus think they need to be treated urgently.
Question 5: Do you think that Option A will have a problem with the reporting of remaining time?
	Answers to Question 5

	Company
	Yes/No
	Technical Arguments

	LG
	Yes
	In Option A, after the reception of network congestion indication, shorter discard timer values will be applied to lower PSI level, and it would cause frequent trigger of DSR. Thus, the Option A makes the congestion situation even worse than normal situation.

	Nokia
	-
	We first need to fix the DSR content.

	Futurewei
	-
	We think the legacy discardTimer should be maintained to track the true aging effect of the SDU. However, for Options A and Ab, if a second timer is used for the congested condition, and the discarding is triggered by the expiry of either one of the two timers, then there is no problem for Option A or Ab.

	Lenovo
	No
	When new PDCP discard timer values are applied, UE could consider the already elapsed time for the “old” timer when setting the new timer value. Therefore, there is no issue.

	Apple
	· 
	In general, we don’t think this is a problem. But how to interpret the buffer delay information reported by the UE is up to gNB implementation, so we will leave it to network vendors to comment.

	NEC
	-
	So far we don’t see the case to apply PSI-based discard and remaining time report simultaneously. 

	Samsung
	Yes
	We see Option A could have issue for reporting of remaining time, and avoiding such issue may cause more complex specification

	Huawei, HiSilicon
	-
	We might need a solution for this, but it depends on how serious the problem would be, since network congestion is a rare situation. If really needed, we can figure out a solution in future once we know more DSR details, but this problem shouldn’t become a blocking point when we discuss timer-based vs PSI threshold based solutions.

	TCL
	No
	We think short remaining time does not mean high importance.

	Canon
	-
	We think it can be fixed by implementation

	InterDigital
	-
	There may be a problem as Huawei has indicated. Agree with Nokia and Huawei to wait until the DSR content is fixed to address this.

	Qualcomm
	
	We think the described concern is valid. It is indeed a shortcoming of any option which use multiple timers. That is why we proposed to use remaining time as dropping criteria, i.e. delay status reporting is always based on normal PDCP discard timer, regardless of there is congestion or not. When there is congestion, PDUs with selected PSIs are dropped once their remaining time drops below a configured threshold. This threshold can be set to the PDCP discard timer to implement immediate discard.

	Spreadtrum
	-
	We share similar view with HW.

	CMCC
	
	See above

	KDDI
	Yes
	We share the view with Samsung.

	CATT
	Yes
	To be consistent, the DSR threshold trigger should also be re-configured if a new timer is applied.

	Fujitsu
	Yes
	If option A is chosen, we need to address this issue.

	OPPO
	
	The gNB knows the congestion status. So, the issue can be left to the gNB implementation. 

	Intel
	-
	We suggest discussing this concern after DSR solution is further progress. Said this, if option A is used, RAN2 would need to further discuss the interaction with DSR e.g. whether UE needs to update the trigger conditions.

	Xiaomi
	-
	 If we choose multiple timers, it will have such issue. However, we think a proper solution will be found if people really think it is an issue. For example, a legacy discardTimer can be used for tracking DSR. Suggest discuss this after DSR.

	Ericsson
	-
	It could potentially be a problem. But as many companies suggest it can likely be solved with the design of the DSR. However it is for sure something that need to be worked on and require time from RAN2 discussions. Thus again it indicates that Option A provides flexibility but with the cost of complexity and potential more work for RAN2 in the limited time that is left of Rel18.

	ITRI
	-
	Agree with Nokia and Huawei to wait until the DSR content is fixed to address this.

	III
	-
	We share the same view with HW.

	Google
	-
	It may happens that the remaining time of head-of-line data is longer than the remaining time of new arriving data. If UE has a logical channel that generates more low PSI traffic, the UE may report short remaining timer more often than UE generating more high PSI traffic. 

	vivo
	Yes
	We acknowledge this issue, which should be carefully taken into consideration when we evaluate the option A.

	ZTE
	Yes
	It will lead that the PDU set with lower PSI(e.g. intended to be discarded) is scheduled with higher priority, this is not the intention.
Although some specification technique can be used to avoid the problem, e.g. the discardTimer used in normal state is always used for the reporting of remaining time, this may cause the reporting of remaining time useless, e.g. the remaining time reported is not the remaining time of the used discardTimer, and cannot be used for scheduling in gNB. 



Summary 5: There seems to be large consensus that there is a problem that needs to be solved but also there is a major view that it would be possible to do so, e.g. with the design of the DSR.
Proposal 5: RAN2 thinks that if a timer-based solution is selected as the PSI based discarding solution this needs to be taken into account when designing the delay reporting in the BSR.

Based on previous questions, which solution do you prefer between Option A and Option B? (Option A may provide more flexibility but with the cost of more complexity and problems with remaining time reporting)
Question 6: Do you prefer Option A or Option B? (Or alternatively any other potential option proposed)
	Answers to Question 6

	Company
	Option
	Technical Arguments

	LG
	B
	Option B is simple and work well for alleviating congestion situation. 

	Nokia
	A
	We understand PSI-based discard as applying a 2nd discard timer to a subset of the PDU sets based on their PSI. This requires the network to configure a 2nd discard timer and signalling a PSI threshold. If the 2nd timer is 0, then PDU sets are dropped directly.
Another aspect to discuss is whether it is ON/OFF mechanism or whether a timer can also be used.

	Futurewei
	Ab or B
	We think Option A is an over-design.

	Lenovo
	A
	We should use the principles for discarding also for the case of congestion, e.g. discarding based on PDCP discard timer. 

	Apple
	Ab or B 
	We think Option A and B represent a trade-off between congestion alleviation and user experience. Option A minimizes the impacts to user experience, while Option B allows a more immediate remedy to congestion. In addition, Option B is actually a special case of Option A when the congestion discarding timer is set to 0, therefore we think Option A is a flexible approach that can cover Option B anyway.

We can also accept Option B if the PSI-threshold is determined by UE implementation (since we have agreed that PSI identification is up to UE implementation) or pre-configured.

	NEC
	A or B
	We should use the same discard mechanism for the case of congestion. 
We can also accept Option B if the ratio is also configured together with the PSI threshold.

	Samsung 
	B
	Simple, efficient, fast approach

	Huawei, HiSilicon
	A/Ab
	Option B does not work at all, for the following reasons:

1- there are 16 PSI levels available, but for a certain application, it may only use part of these PSI levels (application A uses PSI level 1,3,5 while application B uses 2, 10, 12), so how can NW indicates an threshold to UE if the NW does not know the data volume distribution among different PSI levels at all.
2- PSI field are filled from encoding perspective, but important/unimportant are classified from application perspective. 100% information encoded, then PSI is set to 0, 90% information encoded, then PSI is 1. PSI=5, may be important for remote surgery, but not important for AR gaming. How can gNB which is not aware of application, indicate the UE a PSI threshold below which are unimportant PDU sets that can be discarded in case of congestion.
3- If we just always remove all “unimportant” PDU sets, the quality of service will often be unacceptable.

For option A, we certainly do not need another timer value for each PSI level, two PSI groups with two discard timers should be sufficient.

	TCL
	A
	Option A is supported, since it is flexible and simple.


	Canon
	A
	Amongst the “A” options, we have some sympathy for Option Ab, which has lower complexity. 

	InterDigital
	A/Ab
	Option B is quite inflexible as it does not provide any opportunity to transmit the packets. 

	Qualcomm
	C
	Option C has no extra timer for UE to implement and does not create misleading delay information during congestion as Option A does. It has enough flexibility to implement the same discard behavior of both Option A and Option B.

	Spreadtrum
	A
	We prefer to keep timer-based discarding mechanism. And B can also be covered by solution A. 

	CMCC
	B-b
	See above

	KDDI
	B
	We share the view with LG and Samsung, benefits of Option A seem questionable, and it needs more parameters for configuration/operational effort for the very rare case, which is not desirable from operators’ point of view.

	CATT
	B
	For all issues associated with option A:
- High uncertainty in setting the reduced timer with high risk that it is not aggressive enough and does not solve the congestion. Reduced value of 0 is the safest, which is Option B.
- How to update the running timers of SDUs in the (overloaded) buffer? In principle they should not be updated until they expire, thus preventing the current buffer (can be 100’sMbytes) to be reduced.
- Higher complexity
- From companies’ inputs so far, it is clear that Option A has multiple variants and will require further long discussions to converge.
- Need to reconfigure the DSR trigger (or disable?) to match the new timer value

	Fujitsu
	B
	Reasons explained in answers to previous questions.

	OPPO
	Ab
	We understand, in the congestion case, the 2nd discard timer (which can be set to zero or non-zero value) can be used for the PDU sets which are categorized as less important ones. How to categorize the PDU set groups can based on a PSI threshold or the UE implementation. If the 2nd timer sets as 0, less important PDU sets can be discarded directly.

	Intel
	B 
(C with comment)
	Option B seems simple/preferable to handle rare congestions scenarios. If majority of the companies prefer that the network provides a smoother handling of the discard during congestion, we can consider option C which seems simple and would allow to also apply the different threshold per PSI level even to the ongoing PDCP timers of data available in UE’s buffers.

	Ericsson
	A or B
	Option A seems like the better option from a potential benefit perspective since it gives flexibility and we don’t know yet the best treatment of different PSI levels, but it is more complex and requires more work for RAN2, which in Rel18 there is limited amount of. Thus it is not clear that this is the best option to go for now, especially since the whole topic of doing PSI based discarding can be fundamentally questioned from the start.

	ITRI
	A or C
	Although the hard-decision of Option B seems more effective on congestion alleviation, it may not meet the requirements from SA4.

	III
	B
	Option B seems simpler.

	Google
	B 
(A with comment)

	Option B is simple. For option A, if time value is set to 0, option A can also drop data immediately, which is more flexible than option B. But there are something to clarify in question 5. If that does not result in much complexity, we can also support option A.

	vivo
	B
	Share same view with LG.

	ZTE
	B
	Firstly, option B can decrease the cell congestion state quickly, and the configuration is simple; while option A may cause unnecessary transmission although the cell is in congestion state(e.g. some PDUs of the PDU set are transmitted before the discardTimer expires, and other PDUs of the PDU set are discarded), which is disadvantage for decreasing the cell load quickly.
Secondly, Option B needs less signalling(e,g, only PSI levels indication for PDU set discarding) is necessary, while Option A needs more signalling(e.g. different Timers configuration and cell congestion indication).



Summary 6: Option A: 15/26, Option B: 15/26. It is very equal in the two option camps. But many companies are open to both solutions as there seems to be cons and pros for both options. Major concern with Option A is the complexity with the solution and the time it would take to agree on what subset of the solution to go for. Major concern of Option B is that it is limiting. It seems it will be hard to select a solution that RAN2 like the most, perhaps the decision needs to instead be taken based on which solution that RAN2 dislikes the least.
Proposal 6: RAN2 to select the solution option which has the least amount of objection against.

4	Conclusion
Proposal 1: RAN2 to select between either a timer-based or threshold-based PSI based discarding. Both solution spaces can contain subset of solutions.
Proposal 2: RAN2 thinks that a PSI based discarding solution could potentially benefit of having the flexibility to also in congestion transmit low level PSI packets but not at the expense of too high complexity.

Proposal 3: RAN2 thinks that it is sufficient for PSI based discarding solution to handle PSI levels divided into two groups.
Proposal 4: RAN2 think that the selected PSI based discarding solution should be able to instantly discard packets that are already in the UE buffer up on activation
Proposal 5: RAN2 thinks that if a timer-based solution is selected as the PSI based discarding solution this needs to be taken into account when designing the delay reporting in the BSR.
Proposal 6: RAN2 to select the solution option which has the least amount of objection against.

