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Introduction
In [1] we presented the overall functionality for Improved ECN in NR. In this contribution we present the necessary details in RLC with corresponding text proposals.
[bookmark: _Ref178064866]Discussion
ECN requires functionality in both gNB and UE. In this section we present the various components and their implications on the RLC protocol and the PDCP protocol.
ECN field
Applicability
The function of the gNB is to detect congestion and upon doing so, set ECN field in the RLC header. As the implementation of the gNB including the criterion to consider congestion detected is unspecified the impact on RLC is the addition of an ECN field to the RLC header and pass it to upper layers. As ECN should be supported regardless of RLC mode, the field is present for both RLC UM and RLC AM. 
[bookmark: _Toc489881931][bookmark: _Toc489882184][bookmark: _Toc490069623]An ECN field is included in the RLC header for both UM and AM.
It should be noted that the gNB should only set the ECN field in RLC if it detects congestion in the downlink for the radio interface. There is no need to include set the ECN field in RLC if it detects incoming IP packets with ECN bits set (i.e. some other router along the way has detected congestion). Those will be carried over IP as usual.
In case an IP packet (i.e. PDCP PDU) is segmented by RLC various options can be foreseen as to which RLC PDU should have the ECN field set if congestion is detected.
1)	Only the RLC PDU which contains the first part of the PDCP PDU has the ECN field set.
2)	Only the RLC PDU which contains the last part of the PDCP PDU has the ECN field set.
3)	Any RLC PDU may have the ECN field set.
The problem of option 1 is that the gNB cannot indicate congestion if congestion is detected after the first part of the PDCP PDU is transmitted. The problem of option 2 is that the gNB cannot indicate congestion until the last part of the PDCP PDU is transmitted. Both these options incur an extra wait until the gNB can indicate congestion. Option 3 on the other hand allows the gNB to indicate congestion regardless of when it occurs in relation to transmission of the RLC PDU.
[bookmark: _Toc489881932][bookmark: _Toc489882185][bookmark: _Toc490069624]If any RLC SDU, or RLC SDU segment of an IP packet has the ECN field set, then it is an indication of detection of congestion.
Size
In IP-ECN there are two bits for ECN called IP-ECT(0) and IP-ECT(1). It is not required for our purposes. One bit indicating whether the gNB experienced congestion or not is sufficient.
[bookmark: _Toc489881933][bookmark: _Toc489882186][bookmark: _Toc490069625]The ECN field has the size of 1 bit. When set to 1 the gNB experiences congestion. When set to 0 the gNB does not experience congestion.
RLC header
In 38.322 draft version 0.2.0 there are different variants of the RLC header depending on e.g. mode.
RLC TMD
The TMD PDU has no header and can therefore not carry any ECN field.
RLC UMD
The UMD PDU header consists of a fixed part and an extension part. The fixed part is eight bits and consists of a 2-bit SI field and 6 R-bits. One of the R-bits can be used to carry the ECN field.
[bookmark: _Toc489881934][bookmark: _Toc489882187][bookmark: _Toc490069626]One of the R-bits in the RLC UMD header is used to carry the ECN field.
RLC AMD
The AMD PDU header has four versions covering 12 bit SN and 18 bit SN with and without SO. The headers with 12 bit SN have no reserved bits which ECN can use, but the versions with 18 bit SN have two. One of them can be used to carry the ECN field.
[bookmark: _Toc489881935][bookmark: _Toc489882188][bookmark: _Toc490069627]One of the R-bits in the RLC AMD header with 18 bit SN field (with and without SO) is used to carry the ECN field.
UE procedure
As explained in the stage-2 paper [1] the function of the UE is to pass the ECN indication on RLC layer and pass it together with the PDCP PDU to PDCP layer such that the PDCP layer can set the ECN bits of the IP packet correctly.
RLC
In RLC the ECN field will be tied to a PDCP PDU. As explained earlier, if any of the RLC SDU segments carries the ECN indication, then the re-segmented RLC SDU (i.e. PDCP PDU) shall include the ECN indication when delivering the PDU to upper layers.
[bookmark: _Toc489881936][bookmark: _Toc489882189][bookmark: _Toc490069628]If any of the received RLC SDU segments has the ECN field set to 1 then the RLC entity shall include the ECN indication when delivering the reassembled RLC SDU to upper layers.
PDCP
PDCP has a clearly specified procedure for its receive operation and section 5.2.2.1 contains "Actions when a PDCP Data PDU is received from lower layers". In this procedure the ECN bits (IP-ECT(0) and IP-ECT(1)) of the IP packet should be set. If these bits are set to "00" it means ECN is not supported by the sender. In this case, there is no point for PDCP to modify any of the bits. If the bits are set to "11" it means ECN is supported by the sender and congestion was detected, in this case then in some node prior to the gNB. In any case, there is no need for modification. If the bits are set to "01" or "10" it means the sender supports ECN and no congestion has been detected. In this case the bits should be set to "11" by the PDCP entity to indicate that congestion was detected by lower layers. This can be done inline in section 5.2.2.1 before the PDU is delivered to upper layers, or in a separate section.
[bookmark: _Toc489881937][bookmark: _Toc489882190][bookmark: _Toc490069629]If the PDCP entity receives a PDCP Data PDU with ECN indication from lower layers, it shall set the ECN bits of the IP packet to "11" if they are currently set to "01" or "10".
[bookmark: _Ref189046994]Text Proposal for 38.322 (RLC)
This section contains text proposal for RLC. There is no text proposal for the RLC UM case, as no text is available in section 5.1.2 where it should be included. It should be similar to the addition in section 5.1.3.2.3 though.
[bookmark: _Toc477961574][bookmark: _Toc484620854][bookmark: _Toc488395819]5.1.3.2.3	Actions when an AMD PDU is placed in the reception buffer
When an AMD PDU with SN = x is placed in the reception buffer, the receiving side of an AM RLC entity shall:
-	if x >= RX_Next_Highest_Rcvd 
-	update RX_Next_Highest_Rcvd to x+ 1;
-	if all bytes of the RLC SDU with SN = x are received:
-	reassemble the RLC SDU from AMD PDU(s) with SN = x, remove RLC headers when doing so, and deliver the reassembled RLC SDU to upper layer and if any of the RLC headers had the ECN field set to "1" include an ECN indication;
-	if x = RX_Highest_Status,
-	update RX_Highest_Status to the SN of the first RLC SDU with SN > current RX_Highest_Status for which not all bytes have been received;
-	if x = RX_Next:
-	update RX_Next to the SN of the first RLC SDU with SN > current RX_Next for which not all bytes have been received; 
-	if t-Reordering is running:
-	if RX_Next_Status_Trigger = RX_Next; or
-	if RX_Next_Status_Trigger falls outside of the receiving window and RX_Next_Status_Trigger is not equal to RX_Next + AM_Window_Size:
-	stop and reset t-Reordering;
-	if t-Reordering is not running (includes the case t-Reordering is stopped due to actions above):
-	if RX_Next_Highest_Rcvd > RX_Next:
-	start t-Reordering;
-	set RX_Next_Status_Trigger to RX_Next_Highest_Rcvd.
[bookmark: _Toc477961595][bookmark: _Toc480393682][bookmark: _Toc488395840]6.2.1.3	UMD PDU
UMD PDU consists of a Data field and an UMD PDU header.
UMD PDU header consists of a fixed part (fields that are present for every UMD PDU) and an extension part (fields that are present for an UMD PDU when necessary). The fixed part of the UMD PDU header consists of a SI. The extension part of the UMD PDU header consists of a SN and may further contain a SO field. 
When an UMD PDU contains a complete RLC SDU, the UMD PDU header only contains the SI field, and is byte aligned.




Figure 6.2.1.3-1: UMD PDU containing a complete RLC SDU
Editor’s note: To be updated based on agreements on supported RLC SN lengths, and relative position of SI and reserve bits
[bookmark: _Toc477961596][bookmark: _Toc480393683][bookmark: _Toc488395841]6.2.1.4	AMD PDU
AMD PDU consists of a Data field and an AMD PDU header.
AMD PDU header consists of a fixed part (fields that are present for every AMD PDU) and an extension part (fields that are present for an AMD PDU when necessary). The fixed part of the AMD PDU header itself is byte aligned and consists of a D/C, a P, a SI, a ECN (except for the case with 12-bit SN) and a SN. The extension part of the AMD PDU header itself is byte aligned and consists of a SO.
An AM RLC entity is configured by RRC to use either a 12 bit SN or a 18 bit SN. The length of the fixed part of the AMD PDU header is two and three bytes respectively. The default values for SN field length used by an AM RLC entity is 12 bits.
An AMD PDU header consists of an extension part only when the Data field consists of a RLC SDU segment which is not the first segment, in which case a 16 bit SO is present.


Figure 6.2.1.4-1: AMD PDU with 12 bit SN (No SO)




Figure 6.2.1.4-2: AMD PDU with 18 bit SN (No SO)


	Figure 6.2.1.4-3: AMD PDU with 12 bit SN with SO	




Figure 6.2.1.4-4: AMD PDU with 18 bit SN with SO
Editor’s note: The relative placement of P and SI bits is FFS.
[bookmark: _Toc488395851]6.2.2.X	Explicit Congestion Notification (ECN) field
Length: 1 bit.
The ECN field indicates whether or not congestion was detected.
Table 6.2.2.X-1: ECN field interpretation
	Value
	Description

	0
	Congestion was not detected.

	1
	Congestion was detected.




Text Proposal for 38.323 (PDCP)
[bookmark: _Toc486851291]5.2.2.1	Actions when a PDCP Data PDU is received from lower layers
At reception of a PDCP Data PDU from lower layers, the receiving PDCP entity shall determine the COUNT value of the received PDCP Data PDU, i.e. RCVD_COUNT, as follows:
-	if RCVD_SN <= SN(RX_DELIV) – Window_Size:
-	RCVD_HFN = HFN(RX_DELIV) + 1;
-	else if RCVD_SN > SN(RX_DELIV) + Window_Size:
-	RCVD_HFN = HFN(RX_DELIV) – 1;
-	else:
-	RCVD_HFN = HFN(RX_DELIV);
-	RCVD_COUNT = [RCVD_HFN, RCVD_SN].
After determining the COUNT value of the received PDCP Data PDU = RCVD_COUNT, the receiving PDCP entity shall:
-	if RCVD_COUNT <= RX_DELIV; or
-	if the PDCP Data PDU with COUNT = RCVD_COUNT has been received before:
-	perform deciphering and integrity verification of the PDCP Data PDU using COUNT = RCVD_COUNT;
-	if integrity verification fails:
-	indicate the integrity verification failure to upper layer;
-	discard the PDCP Data PDU;
-	else:
-	perform deciphering and integrity verification of the PDCP Data PDU using COUNT = RCVD_COUNT;
-	if integrity verification fails:
-	indicate the integrity verification failure to upper layer;
-	discard the PDCP Data PDU;
If the received PDCP Data PDU with COUNT value = RCVD_COUNT is not discarded above, the receiving PDCP entity shall:
-	store the resulting PDCP SDU in the reception buffer;
-	if RCVD_COUNT >= RX_NEXT:
-	update RX_NEXT to RCVD_COUNT + 1;
-	if RCVD_COUNT = RX_DELIV + 1:
-	deliver to upper layers in ascending order of the associated COUNT value after performing header decompression and subsequent actions related to ECN as specified in section 5.2.2.X;
-	all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from COUNT = RX_DELIV + 1;
-	update RX_DELIV to the COUNT value of the last PDCP SDU delivered to upper layers;
-	if outOfOrderDelivery is configured and the resulting PDCP SDU has not been delivered to upper layers:
-	deliver the resulting PDCP SDU to upper layers after performing the actions related to ECN as specified in section 5.2.2.X;
-	if t-Reordering is running, and if the PDCP SDU with COUNT = RX_REORD – 1 has been delivered to upper layers:
-	stop and reset t-Reordering;
-	if t-Reordering is not running (includes the case when t-Reordering is stopped due to actions above), and if there is at least one stored PDCP SDU:
-	update RX_REORD to RX_NEXT;
-	start t-Reordering.
Editor’s Note: The handling of t-Reordering and RX_DELIV update when outOfOrderDelivery is configured needs further discussion.
5.2.2.X	Actions related to ECN
If a received PDCP data PDU includes an ECN indication the PDCP entity shall:
-	if the IP-ECT(0) field of the PDCP data PDU is set to "1" and the IP-ECT(1) field of the PDCP data PDU is set to "0":
-	set the IP-ECT(1) field of the PDCP data PDU to "1";
-	if the IP-ECT(0) field of the PDCP data PDU is set to "0" and the IP-ECT(1) field of the PDCP data PDU is set to "1":
-	set the IP-ECT(0) field of the PDCP data PDU to "1";
Conclusion
Based on the discussion in section 2 we propose the following:
Proposal 1	An ECN field is included in the RLC header for both UM and AM.
Proposal 2	If any RLC SDU, or RLC SDU segment of an IP packet has the ECN field set, then it is an indication of detection of congestion.
Proposal 3	The ECN field has the size of 1 bit. When set to 1 the gNB experiences congestion. When set to 0 the gNB does not experience congestion.
Proposal 4	One of the R-bits in the RLC UMD header is used to carry the ECN field.
Proposal 5	One of the R-bits in the RLC AMD header with 18 bit SN field (with and without SO) is used to carry the ECN field.
Proposal 6	If any of the received RLC SDU segments has the ECN field set to 1 then the RLC entity shall include the ECN indication when delivering the reassembled RLC SDU to upper layers.
Proposal 7	If the PDCP entity receives a PDCP Data PDU with ECN indication from lower layers, it shall set the ECN bits of the IP packet to "11" if they are currently set to "01" or "10".

[bookmark: _In-sequence_SDU_delivery]References
[bookmark: _Ref174151459][bookmark: _Ref189809556][bookmark: _Hlk490069945]R2-1709469, "Efficient support of ECN in NR", Ericsson, Nokia, Nokia Shanghai Bell, Vodafone, RAN2#99, Berlin, Germany, August 21st – 25th 2017
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