3GPP TSG-RAN WG2 Meeting #102




R2-1808376
Busan, Korea, 21 – 25 May 2018
Agenda Item:

9.15.2
Packet Duplication
Source:


Huawei, HiSilicon, Apple Inc.
Title:



Discussion on out-of-order delivery for RLC UM
Document for:

Discussion and decision
1
Introduction
At RAN2#101b meeting, RAN2 discussed out-of-order delivery from RLC to PDCP and RAN2 made the following agreements:
Agreements:

1
For RLC AM, support out-of-order delivery from RLC to PDCP. It should be a separate capability to support RLC out-of-order delivery. FFS RLC UM case.
2
The out-of-order delivery from RLC to PDCP is configurable.
3
Do not duplicate PDCP Control PDUs and PDCP Control PDUs shall be always transmitted in the primary leg.

This paper is to discuss whether out-of-order delivery can be applied to RLC UM or not.
2
Discussion
In LTE, there may be out of sequence reception in RLC layer in the receiver side, e.g. due to HARQ operation in the MAC layer. Any RLC PDUs received out of sequence are stored in the reception buffer until all the previous RLC PDUs are received and delivered to the upper layer.
To detect reception failures and avoid excessive reordering delays, a reordering timer is used in the receiving RLC UM entity. The intention is to set a period to wait for the reception of RLC PDUs that have not been received in sequence. The receiving RLC UM entity starts the reordering timer when a missing RLC PDU is detected, and it waits for the missing RLC PDU until timer expires. When the receiving RLC UM entity declares the missing RLC PDU as lost and starts to reassemble the next available RLC SDU’s from the RLC PDUs stored in the reception buffer.
Observation 1: T-reordering timer is used to cope with the out of order delivery from MAC, which is led by HARQ retransmission. 
Currently, in LTE, it shall always perform in order delivery from RLC to PDCP. For packet duplication, it may be beneficial to support out-of-order delivery from latency point of view, i.e. the packets sent in one leg does not have to wait for the status of the packets sent in the other leg.
Observation 2: Out-of-order delivery is used to reduce the latency.
In last meeting, some companies proposed to set T-reodering = 0 to achieve the out-of-order delivery. Here we provide an example on illustrating the differences between mechanisms “out-of-order delivery” and “T-reordering = 0”.

Initially, the variables are as below:

- VR(UR) = 0
- VR(UH) = 0

- VR (UX) = 0

- T-reordering is not started (and it is set to 0)
As shown in figure 1, for t1, t2 and t3, there are the following data reception at UE side. The green block means that the No#X RLC UMD PDU is received, while the grey block means that the No#X RLC UMD PDU has not been received.
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Figure 1: one example for RLC UM data reception
After each time point (i.e. t1, t2, t3), the variables may be updated and the following table gives the detailed values:

	
	After t1
	After t2
	After t3

	VR(UR)
	1
	2
	2

	VR(UH)
	1
	2
	6

	VR(UX)
	0
	0
	6

	T-reordering
	Not started
	Not started
	Started

	Data handling
	Reassemble the RLC SDU from RLC PDU#0 and send it to upper layer
	Reassemble the RLC SDU from RLC PDU #1 and send it to upper layer
	Hold #5


After t3, there will be different UE behaviours regarding two mechanisms:
· for mechanism “out-of-order delivery”:
the UE reassemble the RLC SDU from RLC PDU#5 and send it to upper layer, and VR(UR) is still 2
· for mechanism “t-reordering = 0”:

VR(UR)=6 (see highlighted part in section 5, i.e. actions when t-Reordering expires), and the UE reassemble the RLC SDU from RLC PDU#5 and send it to upper layer
Later, if RLC entity receives RLC PDU#2 due to HARQ retransmission, there will be different UE behaviours regarding two mechanisms:

· for mechanism “out-of-order delivery”:
the UE reassembles the RLC SDU from RLC PDU#2 and send it to upper layer, and then VR(UR) is updated to 3 (the next unreceived PDU)
· for mechanism “t-reordering = 0”:

the UE discards the RLC PDU#2 since it is out of RLC UM receiving window. 
Observation 3: Configuring T-reordering to 0 cannot achieve out-of-order delivery from RLC UM to PDCP. 
Observation 4: Configuring T-reordering to 0 would increase data loss rate for RLC UM, because all the out-of-order received data due to HARQ retransmission are discarded. 
Based on observation 1, 2, 3 and 4, we do not think that “out-of-order delivery” can be completely replaced by “T-reordering = 0”, so it is proposed:
Proposal: For RLC UM, support out-of-order delivery from RLC to PDCP.
3
Conclusion

In this paper, we compare mechanisms “out-of-order delivery” and “T-reordering = 0”. We see that there are differences on motivation and data packet handling, and we have the following observations:

Observation 1: T-reordering timer is used to cope with the out of order delivery from MAC, which is led by HARQ retransmission. 
Observation 2: Out-of-order delivery is used to reduce the latency.

Observation 3: Configuring T-reordering to 0 cannot achieve out-of-order delivery from RLC UM to PDCP. 

Observation 4: Configuring T-reordering to 0 would increase data loss rate for RLC UM, because all the out-of-order received data due to HARQ retransmission are discarded. 
In general, we do not think that “out-of-order delivery” can be completely replaced by “T-reordering = 0”, so it is proposed:
Proposal: For RLC UM, support out-of-order delivery from RLC to PDCP.
4
References
[1]
RAN2#101b minutes
5
Annex
5.1.2
UM data transfer

5.1.2.1
Transmit operations

5.1.2.1.1
General

When delivering a new UMD PDU to lower layer, the transmitting UM RLC entity shall:

-
set the SN of the UMD PDU to VT(US), and then increment VT(US) by one.

5.1.2.2
Receive operations

5.1.2.2.1
General

The receiving UM RLC entity shall maintain a reordering window according to state variable VR(UH) as follows:

-
a SN falls within the reordering window if (VR(UH) – UM_Window_Size) <= SN < VR(UH);

-
a SN falls outside of the reordering window otherwise.

When receiving an UMD PDU from lower layer, the receiving UM RLC entity shall:

-
either discard the received UMD PDU or place it in the reception buffer (see sub clause 5.1.2.2.2);

-
if the received UMD PDU was placed in the reception buffer:

-
update state variables, reassemble and deliver RLC SDUs to upper layer and start/stop t-Reordering as needed (see sub clause 5.1.2.2.3);

When t-Reordering expires, the receiving UM RLC entity shall:

-
update state variables, reassemble and deliver RLC SDUs to upper layer and start t-Reordering as needed (see sub clause 5.1.2.2.4).

5.1.2.2.2
Actions when an UMD PDU is received from lower layer

When an UMD PDU with SN = x is received from lower layer, the receiving UM RLC entity shall:

-
if VR(UR) < x < VR(UH) and the UMD PDU with SN = x has been received before; or

-
if (VR(UH) – UM_Window_Size) <= x < VR(UR):
-
discard the received UMD PDU;
-
else:

-
place the received UMD PDU in the reception buffer.

5.1.2.2.3
Actions when an UMD PDU is placed in the reception buffer

When an UMD PDU with SN = x is placed in the reception buffer, the receiving UM RLC entity shall:

-
if x falls outside of the reordering window:

-
update VR(UH) to x + 1;
-
reassemble RLC SDUs from any UMD PDUs with SN that falls outside of the reordering window, remove RLC headers when doing so and deliver the reassembled RLC SDUs to upper layer in ascending order of the RLC SN if not delivered before;

-
if VR(UR) falls outside of the reordering window:

-
set VR(UR) to (VR(UH) – UM_Window_Size);

-
if the reception buffer contains an UMD PDU with SN = VR(UR):

-
update VR(UR) to the SN of the first UMD PDU with SN > current VR(UR) that has not been received;

-
reassemble RLC SDUs from any UMD PDUs with SN < updated VR(UR), remove RLC headers when doing so and deliver the reassembled RLC SDUs to upper layer in ascending order of the RLC SN if not delivered before;

-
if t-Reordering is running:

-
if VR(UX) <= VR(UR); or
-
if VR(UX) falls outside of the reordering window and VR(UX) is not equal to VR(UH)::
-
stop and reset t-Reordering;
-
if t-Reordering is not running (includes the case when t-Reordering is stopped due to actions above):

-
if VR(UH) > VR(UR):
-
start t-Reordering;
-
set VR(UX) to VR(UH).
5.1.2.2.4
Actions when t-Reordering expires

When t-Reordering expires, the receiving UM RLC entity shall:

-
update VR(UR) to the SN of the first UMD PDU with SN >= VR(UX) that has not been received;
-
reassemble RLC SDUs from any UMD PDUs with SN < updated VR(UR), remove RLC headers when doing so and deliver the reassembled RLC SDUs to upper layer in ascending order of the RLC SN if not delivered before;

-
if VR(UH) > VR(UR):

-
start t-Reordering;
-
set VR(UX) to VR(UH).
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