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Discussion and Decision
1      Introduction
In RAN2#95bis meeting, it was agreed that “Complete PDCP PDUs can be delivered out-of-order from RLC to PDCP. RLC delivers PDCP PDUs to PDCP after the PDU is reassembled”. 
In RAN2#96 meeting, after discussion of contribution [4], it was further agreed that 
Agreements

1
PDCP supports the re-ordering functionality (T-reordering)

2
RLC AM supports T-reordering like functionality for the purposes of determining the content of the RLC status report.

FFS whether RLC UM needs to support T-reordering like functionality for the purposes moving the lower edge of the receive window, or for other purposes. Could be discussed in stage 3

3
RLC reassembles RLC SDU and delivers them to upper layers in the order they are received (no need to mention reordering with respect to this functionality)

FFS whether in-order delivery for a DRB can be disabled via RRC signalling. This only affects PDCP operation. Could be discussed in stage 3

In RAN2 NR AH#1 meeting, it was agreed that “Working assumption on no RLC concatenation taken at RAN2#96 is confirmed (i.e. concatenation of RLC PDUs is performed in MAC)”.
There are different opinions on whether RLC UM needs to support T-reordering functionality [5]

 REF Ref_Huawei \h 
[6]. There is also a proposal on omitting RLC SN when segmentation is not performed [7]. In this contribution, we discuss these RLC UM aspects.
2      Discussion
2.1     Reordering window and t-reordering functionality in RLC UM
We first analyze the LTE RLC UM functionalities from receiver perspective. The high level summary of LTE RLC UM receiver functionalities are in section 4.2.1.2.3 of TS 36.322 [1]:
	When a receiving UM RLC entity receives UMD PDUs, it shall:

-
detect whether or not the UMD PDUs have been received in duplication, and discard duplicated UMD PDUs;

-
reorder the UMD PDUs if they are received out of sequence;

-
detect the loss of UMD PDUs at lower layers and avoid excessive reordering delays;

-
reassemble RLC SDUs from the reordered UMD PDUs (not accounting for RLC PDUs for which losses have been detected) and deliver the RLC SDUs to upper layer in ascending order of the RLC SN;

-
discard received UMD PDUs that cannot be re-assembled into a RLC SDU due to loss at lower layers of an UMD PDU which belonged to the particular RLC SDU.


Below we analyze the detailed receiver operation in section 5.1.2.2 of TS 36.322 [1]. When doing so, we ignore the status variable updates and only focus on the actual actions.
There are mainly two operations from receiver perspective:
1) Duplicate discard, as in section 5.1.2.2.2 of TS 36.322 [1]:
	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;


2) Reassembly and deliver to PDCP. This action is performed in the following two cases:

· when RLC reordering window is pulled forward, as in section 5.1.2.2.3 of TS 36.322 [1]:

	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 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;


· when t-Reordering expires, as in section 5.1.2.2.4 of TS 36.322 [1]:

	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;


Note that in LTE RLC UM, when RLC delivers RLC SDUs to PDCP, RLC SDUs are delivered to PDCP layer in-sequence.

Now for NR, since RAN2 already agreed that “Complete PDCP PDUs can be delivered out-of-order from RLC to PDCP. RLC delivers PDCP PDUs to PDCP after the PDU is reassembled”, it is necessary to investigate that for NR RLC UM, whether such operations should be performed. 
For duplicate detection, since RLC receiver already delivers PDCP PDU (i.e. RLC SDU) to PDCP after the PDCP PDU is reassembled, there is no need for RLC layer to perform duplicate detection in RLC SDU level, which can anyway be performed in PDCP layer. One difference between LTE and NR is that SO based segmentation is used in NR. In LTE, when a RLC SDU is associated with multiple RLC PDUs, those RLC PDUs have different SNs. In addition, in LTE, re-segmentation is supported in RLC AM, not in RLC UM. Therefore in LTE, duplicate detection of segments is only specified in RLC AM (as below, from section 5.1.3.2.2 of TS 36.322 [1]), but not in RLC UM. 
	When a RLC data PDU is received from lower layer, where the RLC data PDU contains byte segment numbers y to z of an AMD PDU with SN = x, the receiving side of an AM RLC entity shall:

-
if x falls outside of the receiving window; or

-
if byte segment numbers y to z of the AMD PDU with SN = x have been received before:

-
discard the received RLC data PDU;
-
else:

-
place the received RLC data PDU in the reception buffer;

-
if some byte segments of the AMD PDU contained in the RLC data PDU have been received before:

-
discard the duplicate byte segments.


Proposal 1: In RLC UM, duplicate detection is supported for the RLC SDU segment, but not for the complete RLC SDU.
As in email discussion [2], for NR, a RLC SDU is associated with RLC PDUs sharing the same RLC SN, with each RLC PDU containing a RLC SDU segment. Therefore, the duplicate detection of the RLC SDU segments are still needed. 
For t-Reordering functionality, the main intention when this functionality is introduced in LTE is to “detect the loss of UMD PDUs at lower layers and avoid excessive reordering delays”, considering that a typical scenario for RLC UM is the delay sensitive service (e.g. VoIP). In NR, since every PDCP PDU is delivered from RLC to PDCP after reassembly, the t-Reordering functionality is not needed any more. 

Proposal 2: In RLC UM, there is no need to support t-Reordering functionality.
2.2     Discarding of RLC SDU segments

After removing duplicate detection and t-Reordering functionality from RLC UM receiver, the remaining functionalities in RLC UM are:
	-
detect whether or not the UMD PDUs have been received in duplication, and discard duplicated UMD PDUs;

-
reorder the UMD PDUs if they are received out of sequence;

-
detect the loss of UMD PDUs at lower layers and avoid excessive reordering delays;

-
reassemble RLC SDUs from the reordered UMD PDUs (not accounting for RLC PDUs for which losses have been detected) and deliver the RLC SDUs to upper layer in ascending order of the RLC SN;

-
discard received UMD PDUs that cannot be re-assembled into a RLC SDU due to loss at lower layers of an UMD PDU which belonged to the particular RLC SDU.


The main question remaining is how to handle discard functionality of RLC SDU segments which cannot be reassembled into a RLC SDU. Although not explicitly specified in TS 36.322 [1], it is understood that once the reordering window is moved, if the PDUs falling outside of the reordering window cannot be reassembled, they are discarded. 
It is problematic for the protocol stack if such discard functionality is not supported. An example is shown in Figure 1 below. Suppose that the first segment of RLC SDU with SN=1 is received but other segments are not received. As RLC SN is continuously increasing, eventually RLC SN wraps around. It is possible that the second segment of next RLC PDU with SN=1 (i.e. with SO=x) is received and reassembled together with the previous segment. Such wrong reassembly can happen even with Segmentation Offset (SO) checking if both SOs happen to be the same. Note that even if SA3 agrees on using integrity protection on user plane, such wrong reassembly is still problematic as it prevents a correct reassembly if later on the correct version of 1st RLC SDU segment is received.
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Figure 1: Necessity to discard segments cannot be reassembled
Since such discard functionality is necessary, one potential solution is to maintain one discard timer at each receiving UM RLC entity. For the 1st RLC SDU segment received, the discard timer is started. If RLC reassembles a RLC SDU/PDCP PDU from the corresponding RLC SDU segments, corresponding discard timer is stopped. When the discard timer expires, all the associated RLC SDU segments are discarded. In both cases (timer stopped or expiry), suppose VR(UX) is the SN corresponding to the RLC SDU segments. Then for the first RLC SDU segment in the buffer with SN > VR(UX), restart the discard timer. 
Proposal 3: Discard functionality of RLC SDU segments which cannot be reassembled into a RLC SDU should be supported in RLC UM.

2.3     SN for RLC UM
RLC SN is still needed for segmentation for reassembly and discard purposes. The question is whether to only include RLC SN for segmentation, as proposed in [7]. 
Firstly let’s have a look at RLC PDU formats for RLC UM. Since concatenation function is removed from RLC and segmentation is not considered in this optimization (i.e. SN can only be omitted when segmentation is not performed), below we only show UM PDU formats that do not contain variable LI fields as in section 6.2.1.3 of TS 36.322 [1], as a reference.
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Figure 6.2.1.3-1: UMD PDU with 5 bit SN (No LI)
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Figure 6.2.1.3-2: UMD PDU with 10 bit SN (No LI)

If SN is dynamically present depending on whether segmentation is performed, at least one bit or two bit flags (like Framing Info) is needed to indicate whether SN is transmitted. In case of 5 bit SN, there is no saving of RLC header overhead as RLC header is only 1 byte anyway when SN is present. In case of 10 bit SN, there might be 1 byte saving of RLC header overhead.
Observation 1: If SN is dynamically present depending on segmentation, there is no RLC header overhead saving for 5 bit SN, and there is 1 byte saving of RLC header overhead for 10 bit SN.

Proposal 4: RAN2 to discuss whether SN in RLC UM can be dynamically present for longer SN (e.g. 10 bit SN).

The drawback of dynamically present SN is that there is one more PDU format (without SN or SO) compared with 2 RLC PDU formats as in [3].
3      Conclusion
In this contribution, we discuss details for RLC UM. We have the following observations:
Observation 1: If SN is dynamically present depending on segmentation, there is no RLC header overhead saving for 5 bit SN, and there is 1 byte saving of RLC header overhead for 10 bit SN.
We propose the following:
Proposal 1: In RLC UM, duplicate detection is supported for the RLC SDU segment, but not for the complete RLC SDU.
Proposal 2: In RLC UM, there is no need to support t-Reordering functionality.
Proposal 3: Discard functionality of RLC SDU segments which cannot be reassembled into a RLC SDU should be supported in RLC UM.
Proposal 4: RAN2 to discuss whether SN in RLC UM can be dynamically present for longer SN (e.g. 10 bit SN).
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