3GPP TSG RAN WG2 Meeting #109e                                                    R2- 2001347
e-Meeting, February 24th – March 6th, 2020                          
Agenda item:
4.5
Source:
Samsung

Title:
The problem of LTE RLC out-of-order delivery configuration
Document for:
Discussion & Decision
1 Introduction
In Rel-15 LTE WI HRLLC, RAN2 agreed to introduce RLC out-of-order delivery functionality to reduce latency, which is configurable for AM DRB and UM DRB. 
If we refer to the current specifications, it seems that RLC out-of-order delivery can cause the data loss and PDCP out-of-order delivery problem for normal AM DRB and UM DRB (i.e. not split DRB or not LWA DRB or not SLRB). Thus, we think that this issue should be discussed and resolved to consolidate the current specification. 

2  Discussion
2.1 Background
In LTE, the PDCP receive operation is different per DRB, e.g. for UM DRB without reordering, AM DRB without reordering, AM DRB (split DRB or LWA DRB or SLRB) with reordering. 
If the PDCP is not associated with two RLC entities or not configured with LWA bearer or not configured with PDCP duplication, the PDCP entity always expects the in-order PDCP PDUs from the RLC entity and thus the receiving PDCP entity delivers the receive PDCP SDU to upper layer and move the receiving window as soon as it receives the PDCP PDU from the lower layer as shown in the following references (Section 5.1.2.1.2 and Section 5.1.2.1.3 in 36.323), i.e. there is no reordering function. 
	5.1.2.1.2
Procedures for DRBs mapped on RLC AM when the reordering function is not used
…
-
if the PDCP PDU received by PDCP is not due to the re-establishment of lower layers:
-
deliver to upper layers in ascending order of the associated COUNT value:
-
all stored PDCP SDU(s) with an associated COUNT value less than the COUNT value associated with the received PDCP SDU;

-
all stored PDCP SDU(s) with consecutively associated COUNT value(s) starting from the COUNT value associated with the received PDCP SDU;

-
set Last_Submitted_PDCP_RX_SN to the PDCP SN of the last PDCP SDU delivered to upper layers;
…


	5.1.2.1.3
Procedures for DRBs mapped on RLC UM when the reordering function is not used

…
-
perform header decompression (if configured) of the deciphered PDCP Data PDU as specified in the subclause 5.5.5;

-
deliver the resulting PDCP SDU to upper layer.


Observation 1. When the reordering function is not used, the receiving PDCP entity delivers the receive PDCP SDU to upper layer and move the receiving window as soon as it receives the PDCP PDU from the lower layer. 
According to the following reference(Section 5.1.2.1.2 and Section 5.1.2.1.3 in 36.323), we can see that the reordering function is used for the PDCP entity only if at least one of the yellow conditions is met.
	5.1.2.1.4
Procedures for DRBs mapped on RLC AM or RLC UM, for LWA bearers and SLRB when the reordering function is used

For DRBs mapped on RLC AM and RLC UM, for LWA bearers and when PDCP duplication is used, the PDCP entity shall use the reordering function as specified in this clause when:

-
the PDCP entity is associated with two RLC entities; or

-
the PDCP entity is configured for a LWA bearer; or

-
the PDCP entity is associated with one AM RLC entity after it was, according to the most recent reconfiguration, associated with two AM RLC entities or configured for a LWA bearer without performing PDCP re-establishment; or

-
the PDCP entity is configured with PDCP duplication.
For SLRBs mapped on RLC UM, the PDCP entity shall use the reordering function as specified in this clause when:

-
the PDCP entity receives a PDCP SN which is not "0".

The PDCP entity shall not use the reordering function in other cases.


Observation 2. The reordering function is used if the PDCP is associated with two RLC entities or configured with LWA bearer or fallback from split DRB/LWA DRB or configured with PDCP duplication.
2.2 Rel-15 LTE HRLLC

In RAN#101bis and RAN2#102, 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.
Agreements:

1
Support out-of-order delivery from RLC to PDCP for RLC UM.
2
The out-of-order delivery from RLC to PDCP for RLC UM is configurable.
3
Define a separate UE capability for out-of-order delivery from RLC to PDCP. One for UM and one AM.

4
 Leave it up to network implementation when to perform RLC re-establishment at reconfiguration to/from RLC out-of-order delivery. No specification work is needed for 36.323 for out of order delivery reconfiguration.

Based on the above agreements, the current RRC specification supports to configure the RLC entity with out-of-order delivery as follows (36.331): 
	…
RLC-Config-r15 ::=



SEQUENCE {

…

},


reestablishRLC-r15




ENUMERATED {true}



OPTIONAL,
-- Need ON


rlc-OutOfOrderDelivery-r15


ENUMERATED {true}



OPTIONAL,
-- Need ON


...

}

…
rlc-OutOfOrderDelivery

Indicates that out-of-order delivery from RLC to PDCP is configured for this RLC entity as specified in TS 36.322 [7].



According to the current RRC specification, the network can configure the RLC entity with out-of-order delivery in any cases, i.e. there is no restriction.

Observation 3. The network can configure the RLC entity with out-of-order delivery in any cases, i.e. there is no restriction.
Observation 4. The network can configure the RLC entity with out-of-order delivery for normal AM DRB or UM DRB (i.e. not split DRB or not LWA DRB or not SLRB).
As we mentioned above, the PDCP entity will not use the reordering function if one of the yellow conditions are not met. If the RLC entity associated with the PDCP entity without reordering function is configured with out-of-order delivery, then the PDCP entity will deliver the out-of-order PDCP SDUs to upper layer without reordering and the window may move forward quickly, which can cause a data loss. 
Observation 5. For normal AM DRB or UM DRB without PDCP reordering function, the configured RLC out-of-order delivery can cause data loss and PDCP out-of-order delivery problem.
To resolve this issue, we think that there would be two options on the table:

· Option 1. Allow RLC out-of-order delivery configuration only if the associated PDCP entity is configured with PDCP duplication (the reordering function is used). 
· Option 2. Allow RLC out-of-order delivery configuration in any cases but the reordering function should be used if the RLC entity is configured with RLC out-of-order delivery.
Regarding LTE HRLLC agreements, our understanding is that RAN2 assumed the packet duplication scenario when to have made the above agreements. So, we think that Option 1 is preferable and RRC CR would be needed (If we go for Option 2, then a new yellow condition should be added to PDCP specification, i.e. PDCP CR). 
Proposal 1. RLC out-of-order delivery can be configured only if the associated PDCP entity is configured with PDCP duplication.
For Proposal 1, the exemplary text proposal is specified as follows: 

Exemplary text proposal for Section 6.3.2 of 36.331
	RLC-Config field descriptions

	dl-extended-RLC-LI-Field, ul-extended-RLC-LI-Field

Indicates the RLC LI field size. Value TRUE means that 15 bit LI length shall be used, otherwise 11 bit LI length shall be used; see TS 36.322 [7]. E-UTRAN enables this field only when RLC-Config (without suffix) is set to am.

	maxRetxThreshold

Parameter for RLC AM in TS 36.322 [7]. Value t1 corresponds to 1 retransmission, t2 to 2 retransmissions and so on.

	reestablishRLC

Indicates that RLC shall be re-established. For a UE configured with (NG)EN-DC, E-UTRAN may include this field for the (primary) RLC entity of an MCG RLC bearer of a DRB (used upon change from SN terminated split to MN terminated MCG RLC bearer). For a UE configured with NE-DC, E-UTRAN may include this field for the (primary) RLC entity of an SCG RLC bearer of a DRB or of an SRB (used upon key refresh for MN terminated split RB).

	pollByte

Parameter for RLC AM in TS 36.322 [7]. Value kB25 corresponds to 25 kBytes, kB50 to 50 kBytes and so on. kBInfinity corresponds to an infinite amount of kBytes. In case pollByte-r14 is signalled, the UE shall ignore pollByte (i.e. without suffix).

	pollPDU

Parameter for RLC AM in TS 36.322 [7]. Value p4 corresponds to 4 PDUs, p8 to 8 PDUs and so on. pInfinity corresponds to an infinite number of PDUs. In case pollPDU-r13 is signalled, the UE shall ignore pollPDU (i.e. without suffix). E-UTRAN enables pollPDU-v1310 field only when RLC-Config (without suffix) is set to am.

	rlc-OutOfOrderDelivery

Indicates that out-of-order delivery from RLC to PDCP is configured for this RLC entity as specified in TS 36.322 [7]. E-UTRAN sets this field to TRUE only when the associated PDCP entity is configured with PDCP duplication.

	sn-FieldLength

Indicates the UM RLC SN field size, see TS 36.322 [7], in bits. Value size5 means 5 bits, size10 means 10 bits.

	t-PollRetransmit

Timer for RLC AM in TS 36.322 [7], in milliseconds. Value ms5 means 5ms, ms10 means 10ms and so on. EUTRAN configures values msX-v1310 (with suffix) only if UE supports CE.

	t-Reordering

Timer for reordering in TS 36.322 [7], in milliseconds. Value ms0 means 0ms and behaviour as specified in 7.3.2 applies, ms5 means 5ms and so on.

	t-StatusProhibit

Timer for status reporting in TS 36.322 [7], in milliseconds. Value ms0 means 0ms and behaviour as specified in 7.3.2 applies, ms5 means 5ms and so on. EUTRAN configures values msX-v1310 (with suffix) only if UE supports operation in CE.

	ul-extended-RLC-AM-SN, dl-extended-RLC-AM-SN

Indicates whether or not the UE shall use the extended SN and SO length for AM bearer. Value TRUE means that 16 bit SN length and 16 bit SO length shall be used, otherwise 10 bit SN length and 15 bit SO length shall be used; see TS 36.322 [7].


3 Conclusion

In this contribution, we provide our view on the RLC out-of-order delivery configuration to discuss the following proposal:

Proposal 1. RLC out-of-order delivery can be configured only if the associated PDCP entity is configured with PDCP duplication.
