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Introduction
[bookmark: _Ref178064866]In this contribution, we highlight the increasing challenges of supporting higher data rates in the UE discussed in [1] and [2] and provide a solution for the buffer congestion problem.
Discussion
In MR-DC, the NR link due to lower latency compared to the LTE link may cause buffer congestion at the UE, as discussed in our previous paper [2]. In scenarios where a split bearer is configured across LTE and NR, if LTE leg experiences bad channel condition, NR packets received at peak rate will fill up the L2 buffer quickly. Once UE memory is exhausted, new data will not be accepted by the receiver if one leg is stuck due to pending retransmissions and other leg is receiving packets.
 Also, in split bearer, if one RLC channel condition is waiting for retransmissions and the other RLC is transmitting at peak rate, the buffer buildup may force UE to drop packet due to buffer overflow resulting in poor user experience and increased load at network side in practice. As the memory allocation among radio bearers is dynamic in implementation, it is difficult to guarantee the traffic can be accepted at UE with current PDCP and RLC mechanisms relying on fixed size windowing mechanism. 
UE receive buffer would be congested until data rate at the receiver is throttled for the link with higher throughput to allow the other link to receive packets and clear the congestion.
Thus a solution is required  to alleviate buffer congestion or eliminate holes faster at high throughputs to reduce the UE buffer requirements and improve the user experience due to faster recovery and packet drop due to buffer overflow pending data retransmission.
Observation 1: For split bearers, the difference between LTE and NR link RTTs due to different channel conditions can create memory build up. 
Observation 2: In split bearer, if one RLC channel condition is waiting for retransmissions and the other RLC is transmitting at peak rate, the buffer buildup may force UE to drop packet due to buffer overflow resulting in poor user experience and increased load at network side.
Observation 3: Once UE memory is exhausted, new data will not be accepted by the receiver if one leg is stuck due to pending retransmissions and other leg is receiving packets.
Observation 4: Standard solution is needed to alleviate buffer congestion or eliminate holes faster at high throughputs to reduce the UE buffer requirements.
Proposal
Indicating highest sequence number acceptable without Buffer Overflow
The UE can transmit highest sequence number (SN) it can receive without causing overrun and overflow in its internal buffers. UE may include the highest SN to be accepted by the UE at PDCP layer. UE through this mechanism would be able to indicate to the network that it will not accept any packets beyond the highest sequence number reported. The network, in response, to receiving this indication may prioritize retransmission of packets missed at the UE and may decide to transmit new packets only up to sequence reported by the UE. UE may drop any received packets that are higher than the highest SN reported if it will cause buffer overflow. On detection of buffer congestion alleviation, UE can transmit Flow Control reset PDU to the network to start accepting new packets beyond the previously indicated highest SN. The network, in response to receiving the indication, may start transmitting new packets beyond the previously indicated highest SN.
PDCP Flow Control PDU: Indicate highest sequence number that the receiver can accept without buffer overflow.
PDCP Flow Control Reset PDU to indicate the problem is no longer seen and receiver can accept new packets beyond the previously indicated highest SN.


Figure 1: PDCP Control PDU format for 18 bit highest sequence number 


Figure 2: PDCP Flow Control Reset PDU 
Parameters
Highest PDCP SN: Highest unacknowledged packet sequence number the receiver is willing to accept.
Reset Flag: To enable or disable flow control with highest sequence number.
Proposal 1: UE can perform flow control by sending the highest sequence number (SN) that it can receive without causing buffer overflow. UE may drop any received packets that are higher than the highest SN reported if it will cause buffer overflow.
Proposal 2: Introduce a PDCP control PDU for DL flow control assistance. 
Proposal 3: The control PDU includes the highest acceptable SN without causing buffer overflow.
Proposal 4: Introduce a PDCP control PDU for DL Flow Control to  indicate that the UE can accept any new packet without causing buffer overflow.
Observation 5: Network may prioritize retransmission of packets missed at the UE and may transmit new packets only up to sequence reported by the UE to avoid increased load at the Network due to UE discarding packets on buffer overflow. 

Conclusion
Based on the discussion in section 2, the observations and proposals are as follows:
Observation 1: For split bearers, the difference between LTE and NR link RTTs due to different channel conditions can create memory build up. 
Observation 2: In split bearer, if one RLC channel condition is waiting for retransmissions and the other RLC is transmitting at peak rate, the buffer buildup may force UE to drop packet due to buffer overflow resulting in poor user experience and increased load at network side.
Observation 3: Once UE memory is exhausted, new data will not be accepted by the receiver if one leg is stuck due to pending retransmissions and other leg is receiving packets.
Observation 4: Standard solution is needed to alleviate buffer congestion or eliminate holes faster at high throughputs to reduce the UE buffer requirements.
Observation 5: Network may prioritize retransmission of packets missed at the UE and may transmit new packets only up to sequence reported by the UE to avoid increased load at the Network due to UE discarding packets on buffer overflow. 
Proposal 1: UE can perform flow control by sending the highest sequence number (SN) that it can receive without causing buffer overflow. UE may drop any received packets that are higher than the highest SN reported if it will cause buffer overflow.
Proposal 2: Introduce a PDCP control PDU for DL flow control assistance. 
Proposal 3: The control PDU includes the highest acceptable SN without causing buffer overflow.
Proposal 4: Introduce a PDCP control PDU for DL Flow Control to indicate that the UE can accept any new packet without causing buffer overflow.
Reference
[1] R2-1801266, “Potential issues on slow RLC status reporting”, Qualcomm
[2] R2-1801265, “The need of flow control to address buffer congestion issue”, Qualcomm
[3] 3GPP TS 38.323 v15.0.0, “Packet Data Convergence Protocol (PDCP) specification”

Appendix: Text Proposal
In order to address the idea in the Proposal, the context of the Spec could be updated in the following way as an example:
… <Same as current context>
[bookmark: _Toc502396815]4.4	Functions
The PDCP layer supports the following functions:
-	transfer of data (user plane or control plane);
-	maintenance of PDCP SNs;
-	header compression and decompression using the ROHC protocol;
-	ciphering and deciphering;
-	integrity protection and integrity verification;
-	timer based SDU discard;
-	for split bearers, routing or duplication;
-	reordering and in-order delivery;
-	duplicate discarding.
-	downlink flow control assistance

<Next change>

[bookmark: _Toc502396844]5.10	Downlink Flow Control Assistance
5.10.1 Introduction
The purpose of this functionality is to assist downlink flow control at the gNB. When potential buffer overflow risk is detected, the UE may report the highest PDCP sequence number that it can accept without causing buffer overflow by transmitting flow control assistance PDU to indicate the UE may be forced to discard any received PDUs higher than the highest sequence number reported. If the downlink flow control information has previously be provided, the UE shall continue to provide the information until the UE no longer has the buffer overflow risk. Once UE no longer has the buffer overflow risk, the UE shall notify the gNB by sending the downlink flow control reset PDU. The UE may stop reporting the downlink flow control assistance after indicating the downlink flow control assistance is reset.
5.10.2 Transmit operation
The UE may trigger a flow control assistance PDU when:
· Potential UE buffer overflow risk is detected
The UE may trigger a flow control reset PDU when:
· Potential UE buffer overflow risk is relieved
If a flow control assistance PDU is triggered due to potential UE buffer overflow, the receiving PDCP entity shall:
-	compile a flow control assistance PDU as indicated below by:
-	setting the Highest PDCP SN to the highest PDCP SN the UE may receive without causing buffer overflow.
-	submit the flow control assistance PDU to lower layers as the first PDCP PDU for transmission.
If a flow control reset PDU is triggered due to potential UE buffer overflow situation is relieved, the receiving PDCP entity shall:
-	compile a flow control reset PDU as indicated below by:
-	setting the reset flag to 1;
-	submit the flow control reset PDU to lower layers as the first PDCP PDU for transmission.
[bookmark: _Toc502396848]
<Next change>

6.1.2	Control PDU
The PDCP Control PDU is used to convey one of followings:
-	a PDCP status report;
-	an interspersed ROHC feedback.
-   Flow Control Assistance PDU.
-   Flow Control Reset PDU.


[bookmark: _Toc502396849]6.2	Formats
<Next change>
[bookmark: _Toc502396857]6.2.3.3	Flow Control Assistance PDU 
Figure 6.2.3.3-1 shows the format of the PDCP Flow Control Assistance PDU with 12 bits highest PDCP SN.  


Figure 6.2.3.3-1: PDCP Flow Control Assistance PDU format with 12 bits highest PDCP SN

Figure 6.2.3.3-2 shows the format of the PDCP Flow Control Assistance PDU with 18 bits highest PDCP SN. 


Figure 6.2.3.3-2: PDCP Flow Control Assistance PDU format with 18 bits highest PDCP SN 

6.2.3.3	Flow Control Reset PDU 

Figure 6.2.3.3-3 shows the format of the PDCP Flow Control Reset PDU.



Figure 6.2.3.3-3: PDCP Flow Control Reset PDU 
<Next change>
[bookmark: _Toc502396866]6.3.8	PDU type
Length: 3 bits
This field indicates the type of control information included in the corresponding PDCP Control PDU.
Table 6.3.8-1: PDU type
	Bit
	Description

	000
	PDCP status report

	001
	Interspersed ROHC feedback

	010
	Flow control assistance PDU

	011
	Flow Control Reset PDU

	100-111
	Reserved



<Next change>
6.3.12 Highest PDCP SN
Length: 12, or 18 bits as indicated in table 6.3.2.1. This field indicates the highest PDCP SN the receiving entity can accept without buffer overflow.
6.3.13 Reset flag
Length: 1 bit
This field indicates whether the downlink PDCP Flow Control Assistance is reset.
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