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1.
Introduction
At the RAN2#85 meeting, the setting of RLC ACK_SN in a partial STATUS PDU was discussed [1]. Two issues were identified during the discussion:
-
Issue1. How does the RLC receiver set ACK_SN in the partial STATUS PDU if not all NACK information for missing segments of the last AMD PDU can be included?
-
Issue2. How does the RLC transmitter interpret the received partial STATUS PDU?
This paper provides our views on the two issues.
2.
Discussions
The potential problematic case is described below:

-
The RLC transmitter segments an AMD PDU into at least three AMD PDU segments.

-
During transmission, at least two of AMD PDU segments which are inconsecutive are lost.
-
The RLC receiver receives very small UL grant, and therefore it cannot include NACKs for all missing AMD PDU segments.
2.1 ACK_SN setting by the RLC receiver

The current RLC specification clearly indicates that the RLC receiver shall set the ACK_SN to the SN of the next not received RLC Data PDU. Then, in the problematic case addressed above, the RLC receiver shall set the ACK_SN equal to the last NACK_SN included in the resulting partial STATUS PDU, because the next not received RLC Data PDU is one of AMD PDU segment with SN =  NACK_SN. This issue was discussed a long time ago [2], and the current specification is written based on this agreement. There should be no ambiguities in setting ACK_SN in the partial STATUS PDU.
Proposal 1: Confirm that the ACK_SN is set to the SN of the next not received RLC Data PDU (i.e. not to the SN of the next not received AMD PDU).
Proposal 2: Confirm that the ACK_SN is set equal to the last NACK_SN included in the STATUS PDU, if not all NACK information for RLC Data PDUs with SN = ACK_SN can be included.
Proposal 3: Confirm that the current RLC specification is clear enough on setting ACK_SN in the partial STATUS PDU.
The highlighted text below indicates how the RLC receiver sets the ACK_SN in the partial STATUS PDU.
	5.2.3
Status reporting

When constructing a STATUS PDU, the AM RLC entity shall:

-
for the AMD PDUs with SN such that VR(R) <= SN < VR(MS) that has not been completely received yet, in increasing SN order of PDUs and increasing byte segment order within PDUs, starting with SN = VR(R) up to the point where the resulting STATUS PDU still fits to the total size of RLC PDU(s) indicated by lower layer:

-
for an AMD PDU for which no byte segments have been received yet::

-
include in the STATUS PDU a NACK_SN which is set to the SN of the AMD PDU;

-
for a continuous sequence of byte segments of a partly received AMD PDU that have not been received yet:

-
include in the STATUS PDU a set of NACK_SN, SOstart and SOend

-
set the ACK_SN to the SN of the next not received RLC Data PDU which is not indicated as missing in the resulting STATUS PDU.
6.2.2.14
Acknowledgement SN (ACK_SN) field

Length: 10 bits.

The ACK_SN field indicates the SN of the next not received RLC Data PDU which is not reported as missing in the STATUS PDU. When the transmitting side of an AM RLC entity receives a STATUS PDU, it interprets that all AMD PDUs up to but not including the AMD PDU with SN = ACK_SN have been received by its peer AM RLC entity, excluding those AMD PDUs indicated in the STATUS PDU with NACK_SN and portions of AMD PDUs indicated in the STATUS PDU with NACK_SN, SOstart and SOend.


2.2 Interpretation of partial STATUS PDU by RLC transmitter

The highlighted text below indicates how the RLC transmitter interprets the received partial STATUS PDU.

	6.2.2.14
Acknowledgement SN (ACK_SN) field

Length: 10 bits.

The ACK_SN field indicates the SN of the next not received RLC Data PDU which is not reported as missing in the STATUS PDU. When the transmitting side of an AM RLC entity receives a STATUS PDU, it interprets that all AMD PDUs up to but not including the AMD PDU with SN = ACK_SN have been received by its peer AM RLC entity, excluding those AMD PDUs indicated in the STATUS PDU with NACK_SN and portions of AMD PDUs indicated in the STATUS PDU with NACK_SN, SOstart and SOend.


The problem is that the above highlighted text does not talk about the interpretation of NACK information of the missing segments in the AMD PDU with SN = ACK_SN. It only talks about the interpretation of NACK information of the missing segments up to and including the AMD PDU with SN = ACK_SN – 1. This brings ambiguities for the interpretation of NACK information for the RLC Data PDUs with SN = ACK_SN.
Proposal 4: Confirm that the current specification is not clearly specified on the RLC transmitter’s interpretation of the NACK information for the RLC Data PDUs with SN = ACK_SN.

To remove the ambiguity, one option could be to make it clear in the specification that the RLC transmitter shall interpret the NACK information of those missing segments as not received by the RLC receiver.
Option 1: Specify the interpretation behavior for RLC Data PDUs with SN = ACK_SN.
	6.2.2.14
Acknowledgement SN (ACK_SN) field

Length: 10 bits.

The ACK_SN field indicates the SN of the next not received RLC Data PDU which is not reported as missing in the STATUS PDU. When the transmitting side of an AM RLC entity receives a STATUS PDU, it interprets that all AMD PDUs up to but not including the AMD PDU with SN = ACK_SN have been received by its peer AM RLC entity, excluding those AMD PDUs indicated in the STATUS PDU with NACK_SN and portions of AMD PDUs indicated in the STATUS PDU with NACK_SN, SOstart and SOend. If ACK_SN = last NACK_SN in the STATUS PDU, the transmitting side of an AM RLC entity further interprets that the RLC Data PDUs with SN = ACK_SN indicated in the STATUS PDU with NACK_SN, SOstart and SOend have not been received by its peer AM RLC entity.


However, as the ACK_SN setting is already clear in the specification, the RLC transmitter does not need to be addressed at all in the specification. We can just remove the transmitter related text, and rely on the receiver side text.

Option 2: Remove transmitting side related text
	6.2.2.14
Acknowledgement SN (ACK_SN) field

Length: 10 bits.

The ACK_SN field indicates the SN of the next not received RLC Data PDU which is not reported as missing in the STATUS PDU. 


The current text is not incorrect but incomplete. The transmitting side text is anyway correct for RLC Data PDUs up to but not including the AMD PDU with SN = ACK_SN. Then, it is possible that some implementation may ignore the NACK information for the AMD PDU segment with SN = ACK_SN.

However, even with bad implementation, there would no serious problem. The cost is potential retransmission of correctly received RLC Data PDUs with SN = ACK_SN. As long as no protocol error is foreseen, we can rely on the current text as it is, and leave the interpretation for those RLC Data PDUs up to the UE implementation.
Option 3: Leave the current text as it is.

Among three options, we prefer option 3, with the following reasons.
- 
The problematic case would not happen frequently. (i.e. multiple segments in one AMD PDU, AMD PDU segments of an AMD PDU are lost inconsecutively, and UL grant cannot accommodate all the NACK information of AMD PDU segments with same SN.)
-
Specification is clear on ACK_SN setting.

-
Even if the transmitter ignores the NACK information for RLC Data PDUs with SN = ACK_SN, there would be no protocol errors.

Proposal 5: There is no need to change the current specification on the interpretation of partial STATUS PDU.

3.
Proposal

We have analyzed ACK_SN setting in partial STATUS PDU, and propose followings:

Proposal 1: Confirm that the ACK_SN is set to the SN of the next not received RLC Data PDU (i.e. not to the SN of the next not received AMD PDU).
Proposal 2: Confirm that the ACK_SN is set equal to the last NACK_SN included in the STATUS PDU, if not all NACK information for RLC Data PDUs with SN = ACK_SN can be included.

Proposal 3: Confirm that the current RLC specification is clear enough on setting ACK_SN in the partial STATUS PDU.

Proposal 4: Confirm that the current specification is not clearly specified on the RLC transmitter’s interpretation of the NACK information for the RLC Data PDUs with SN = ACK_SN.

Proposal 5: There is no need to change the current specification on the interpretation of partial STATUS PDU.
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