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1. Introduction
This contribution discusses the details of the SDU Discard function for the eUTRAN RLC ‎[4].

In particular, we note that:

· the QoS Class Indicator (QCI) is available to the eNB ‎[1];

· the Packet Delay Budget (PDB) associated to a QCI is proposed as a “soft upper limit” ‎[13];
· it is proposed an SDU that exceeds its PDB need not necessarily be discarded ‎[13].
Consequently, we suggest that:

· SDU Discard shall not act on RLC PDUs (i.e. on SDUs already in the RLC transmitting window).
The following sections provide more details on our reasoning, as well as a text proposal to TS 36.322.
2. Background
For eUTRAN RLC, the following was agreed at the RAN2#60 meeting, on the SDU Discard function:


Agreements (from ‎[10]):

1. There is one SDU Discard timer per PDCP SDU. This timer is located in the PDCP layer and is started when a packet is delivered by the higher layers.

2.    When the discard timer expires, a PDCP SDU is discarded:  

a) we will discard PDCP SDU’s that have not been given to RLC yet

b) we will discard PDCP SDU’s given to RLC if they have not been allocated an RLC SN.

c) we will discard PDCP SDU’s in RLC that have already been given an RLC SN (FFS)
It was also agreed ‎[8] that when the SDU discard timer expires, a PDCP SDU is discarded to keep the transmission delay of individual SDUs below a configured limit (i.e. the PDB, for GBR flows) and possibly for Active Queue Management (AQM, non-GBR flows, still FFS).
3. Details of the SDU Discard function
3.1. Configuration of the SDU discard timer
The SDU discard functionality can be used to keep the delay of an individual SDU below a configured limit, for GBR flows.

TS 23.401 Rel-8 ‎[1] defines a set of QCIs. A QCI is a scalar that is used as a reference to node specific parameters that control packet forwarding treatment, and it is applied to a Service Data Flow (SDF). The QCI that is associated to a bearer is available to the eUTRAN (i.e. to the eNB).

In ‎[13],It is expected that SA2 will agree on a set of standardized QCIs, where the QoS parameters Packet Delay Budget (PDB), Packet Loss Rate (PLR) are associated to a specific resource type (i.e. GBR, non-GBR).
The PDB denotes the time that a packet may be delayed between the UE and the PDN GW. Our view is that the PDB is a “soft upper bound” ‎[13] indicated by the QCI associated to the bearer, from which the eNB can derive a value for the SDU Discard timer.
Proposal 1: 
The SDU discard timer shall be configured by RRC signaling, in the PDCP IE.
In addition, it is still FFS in ‎[4] to what RLC mode (TM, UM and/or AM) the SDU Discard applies:
Editor’s note: Whether SDU discard procedures are applicable to TM data transfer, UM data transfer and/or AM data transfer is FFS.
It is our view that the packet delay limit is applicable to bearers configured with RLC UM and to bearers configured with RLC AM.
Proposal 2: 
The SDU discard timer shall be configured for RLC AM and for RLC UM.

Currently, RLC TM is applicable to BCCH (mapped to BCH), UL CCCH and PCCH.
Our view is that the SDU discard functionality is not needed for RLC TM.
3.2. UE actions when the SDU discard timer expires
When the SDU Discard timer expires, a PDCP SDU is discarded.
It is already agreed that an SDU that is not yet given to RLC or not yet assigned an RLC SN (i.e. it is not yet in the RLC transmitting window) can be discarded.
Discarding an SDU already in the RLC transmitting window?
For RLC UM, there is no RLC transmitting window. For each SDU, a timer
 is started in the PDCP layer when a packet is delivered by upper layers; the SDU is discarded when the timer expires.
The following discussion thus focuses on RLC AM. For RLC AM, discarding an SDU already in the RLC transmitting window (i.e. an SDU for which at least one RLC PDU has been transmitted) would allow a more accurate per-SDU delay.
However, drawbacks with this approach include:

· Packet drops would be visible as gaps on the RLC sequence numbers;

· A mechanism similar to the UTRAN RLC Move Receiver Window (MRW) would also be needed to discard the PDUs ‎[12];

· There is a risk that SDUs having already consumed transmission resources get discarded.
Looking at the last point above, there is a risk that SDUs that have been at least partly transmitted get discarded. Consider the case where the SDU Discard timer is initialized to 500 ms for each incoming SDU. 
For non-GBR flows, the size of the RLC SDU queue typically increases over time, due to the characteristics of TCP congestion avoidance. With increasing queue size, the SDUs remain longer in the queue, and finally spend almost 500 ms there before a segment of an IP packet is transmitted in an RLC PDU towards the receiving peer. After a few TTIs, the corresponding SDU Discard timer expires, so that remaining parts of the SDU cannot be transmitted. Instead, explicit signaling (e.g. MRW) would be needed to discard the already received PDUs belonging to the expired SDU. Thus, if segmentation is used, there is a risk that SDUs are discarded for which the transmission has just started.

In addition, it is meaningful to complete ongoing transmissions of an SDU, as data dropped by SDU Discard is typically not obsolete and will be retransmitted by higher layer protocols (e.g. TCP).
Furthermore, current TS 23.401 states that for non-GBR flows the PDB denotes a "soft upper bound" in the sense that an "expired" packet, e.g. a link layer SDU that has exceeded the PDB, does not need to be discarded (e.g. by RLC in E-UTRAN)

Thus we conclude that there is no need to specify a mechanism to discard SDU already in the RLC transmitting window for non-GBR flows. 
For GBR flows, we expect that most of the GBR flows will not use RLC AM. Currently we have only identified one GBR application possibly using RLC AM, real time streaming. 
For GBR flows, we also expect that PDB is more of a “soft upper bound” than a strict delay limit. For example, in ‎[13] it is proposed that 98% of the SDUs should not exceed the PDB. For SDUs that are delayed beyond their PDB, this delay is interpreted as a “soft upper bound”, after which the “expired” packet does not necessarily need to be discarded.

Thus we conclude also for GBR flows that there is no need to specify a mechanism to discard SDU already in the RLC transmitting window for non-GRB flows.

Proposal 3: 
When the SDU discard timer expires, the UE shall not discard a PDCP SDU that is already in the RLC transmitting window, i.e. it shall not discard an SDU that is already associated with an RLC SN.

This has the additional benefit that no MRW mechanism is needed to discard packets. In ‎[12] we propose not to specify a MRW mechanism for LTE.
3.3. AQM behavior for PDCP SDU Discard for non-GBR flows
Active Queue Management (AQM) can be used to control the size of the (IP) queue and corresponding queuing delays; AQM achieves this by actively dropping packets and forcing higher layer protocols such as TCP to reduce their send rate, thereby leading to a reduction of the queue size and queuing delays. AQM is a sender-side function, where the decision to drop packets can be based e.g. on the size of a queue of on the age of the queued packets; knowledge about the type of queued packets can be used for optimizations but is not a stringent requirement.

During the RAN2#60 meeting in Cheju, RAN2 agreed on a way forward ‎[8] which left FFS how to specify AQM for non-GBR flows:

2b (FFS). For active queue management (for non GBR flows), an unprocessed PDCP SDU is discarded. The discarded PDU does not necessarily correspond to the SDU for which the timer expired. 

For non-GBR flows, the SDU Discard mechanism can be used for AQM, and the AQM behavior should be specified in the PDCP layer. One possibility is that the AQM function discards only  uncompressed, unciphered PDCP SDUs, i.e. that the SDU Discard function for AQM operates on an SDU different than the one that “expired”, in case the “expired” SDU is already in the RLC transmitting window. This has the advantage that it would not introduce gaps in the PDCP SN, and no RLC Move Receive Window (MRW) mechanism would be needed to discard SDUs. With respect to maintaining accurate per SDU delay for non-GBR flows, as discussed in the previous section we believe that the PDB is a “soft upper bound” to the SDU delay, and that it is more useful to complete any ongoing transmissions. However, it would still be an  acceptable alternative to discard compressed and/or ciphered PDCP PDU.
AQM can reuse the SDU discard timer already associated to each PDCP SDU for the AQM function. However, in order to prevent consecutive packet drops, which would lead to e.g. TCP timeouts thereby reducing data rate more than intended, it would be useful to limit the AQM-related packet drops based on a timer. When AQM drops a packet for a non-GBR flow, this timer is started and AQM does not discard another packet for that flow until the timer has expired.

The following behavior is thus proposed for the AQM behavior in PDCP: when data is fetched from the buffer (either upon a transmission request by lower layers or when deciding to perform header compression and ciphering), the UE shall determine the queuing delay (“age”) by subtracting the stored arrival time (i.e. information already available for the SDU Discard function) from the current time. If this age exceeds a configurable AQM_Min_Age_Threshold, the packet shall be dropped and the next packet shall be fetched from the buffer.

In addition, consecutive drops shall be avoided for a configurable AQM_Min_Inter_Drop_Time. A reasonable value is in the order of a few hundred milliseconds.

Finally, SDUs shall only be dropped if more than AQM_Lower_Drop_Threshold packets are queued. It is recommended to set this value to be at least 3 packets, as TCP needs at least 3 segments to trigger a fast retransmit and to avoid a timeout.

A resulting pseudo-code could look as follows:

If Queue size > AQM_Lower_Drop_Threshold; and

If age > AQM_Min_Age_Threshold; and

If time since last drop > AQM_Min_Inter_Drop_Time; then


Discard SDU

Store the current time

Proposal 4: The SDU Discard mechanism has three parameters configurable by RRC: AQM_Min_Age_Threhold, AQM_Min_Inter_Drop_Time and AQM_Lower_Drop_Threshold.

The amount of data being processed by the UE, i.e., removed from the PDCP SDU buffer but not yet transmitted by layer 1, should be small compared to the size of the queue controlled by AQM. If it is not, the amount of data or the resulting additional delay must be taken into account when computing the age in the AQM algorithm. If a UE implementation ciphers and header compresses data for approximately 50 ms, this value must be added to the age determined in the above pseudo-code.

The intent of the proposed AQM algorithm is not to enforce the Maximum Bit Rate (MBR) per flow or to enforce an aggregate MBR (AMBR) per UE; but the intent is rather to ensure reasonable end-to-end round trip times, and thereby to improve the responsiveness experienced by the end-user.

4. Conclusion
It is proposed that RAN2 discusses and agrees on the proposals listed in this contribution:

Proposal 1: 
The SDU discard timer shall be configured by RRC signaling, in the PDCP IE.

Proposal 2: 
The SDU discard timer shall be configured for RLC AM and for RLC UM.

Proposal 3: 
When the SDU discard timer expires, the UE shall not discard a PDCP SDU that is already in the RLC transmitting window, i.e. it shall not discard an RLC SDU that is already associated with an RLC SN.

Proposal
4: The AQM mechanism has three parameters configurable by RRC: AQM_Min_Age_Threhold, AQM_Min_Inter_Drop_Time and AQM_Lower_Drop_Threshold.

If RAN2 agrees to this, text proposal to TS 36.322 that reflects proposals 1-3 can be provided, as well as a text proposal to TS 36.323 reflecting proposal 4, if needed.
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� It was noted that timers can be implemented as time-stamps to reduce processing overhead � REF _Ref185336359 \r \h ��‎[8]�.






