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1	Introduction
In this contribution, we seek for clarification on the ARQ retransmission operation under TS 38.322. which is currently defined as follows:
[bookmark: _Toc477961577][bookmark: _Toc484620857][bookmark: _Toc488395822]5.2.1	Retransmission
The transmitting side of an AM RLC entity can receive a negative acknowledgement (notification of reception failure by its peer AM RLC entity) for a RLC SDU or a RLC SDU segment by the following:
-	STATUS PDU from its peer AM RLC entity.
When receiving a negative acknowledgement for a RLC SDU or a RLC SDU segment by a STATUS PDU from its peer AM RLC entity, the transmitting side of the AM RLC entity shall:
-	if the SN of the corresponding RLC SDU falls within the range TX_Next_Ack <= SN < TX_Next:
-	consider the RLC SDU or the RLC SDU segment for which a negative acknowledgement was received for retransmission.
When a RLC SDU or a RLC SDU segment is considered for retransmission, the transmitting side of the AM RLC entity shall:
-	if the RLC SDU or RLC SDU segment is considered for retransmission for the first time: 
-	set the RETX_COUNT associated with the RLC SDU to zero;
-	else, if it (the RLC SDU or the RLC SDU segment that is considered for retransmission) is not pending for retransmission already:
-	increment the RETX_COUNT;
-	if RETX_COUNT = maxRetxThreshold:
-	indicate to upper layers that max retransmission has been reached.
When retransmitting a RLC SDU or a RLC SDU segment, the transmitting side of an AM RLC entity shall:
-	if the RLC SDU or RLC SDU segment can entirely fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity:
-	deliver the AMD PDU as it is except for the P field (the P field should be set according to sub clause 5.2.2) to lower layer;
-	otherwise:
-	segment the RLC SDU or the RLC SDU segment to form a new RLC SDU segment which will fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity and deliver the new AMD PDU to lower layer.
When forming a new AMD PDU, the transmitting side of an AM RLC entity shall:
-	only map the original RLC SDU or RLC SDU segment to the Data field of the new AMD PDU;
-	modify the header of the new AMD PDU in accordance with the description in sub clause 6.;
-	set the P field according to sub clause 5.2.2.

The update of the contribution considers also the polling operation as well as status reporting in the current TS.
2	Discussion
In the yellow highlighted part above, each AMD PDU that was previously associated to the RLC SDU or RLC SDU segment to be re-transmitted is transmitted as is by the RLC entity. Ie., according to the specification even though the RLC SDU (segment) fits within the total size of RLC PDU(s) indicated by lower layer, all the AMD PDUs used previously to transmit that particular RLC SDU (segment) is transmitted again. However, we think this is unnecessary and causes additional overhead as only a single AMD PDU could be used instead.
On the other hand, if the RLC SDU (segment) does not fit within the total size of resources, a new AMD PDU is created even though the same information was previously transmitted with multiple AMD PDUs, ie., this can in some scenarios save overhead.
Hence, as the retransmissions are enforced at the RLC SDU (segment) level (as also agreed previously), we think it is reasonable to always form a new AMD PDU for transmission. This also simplifies the procedural text
Observation 1: Current TS 38.322 may enforce re-transmission of multiple AMD PDUs even though a single AMD PDU could be used.
Proposal 1: As the retransmissions are defined at RLC SDU (segment) level, a new AMD PDU is always created for retransmission.
As the new AMD PDU would be always formed, we think that the green highlighted part becomes redundant as forming a new AMD PDU is described in other parts of the specification.
Proposal 2: Remove the part of forming a new AMD PDU from the retransmission section.
Furthermore, polling mechanism has so far not been adopted to the most recently endorsed TS 38.322. Previous papers in [1, 2] are proposing to adopt the LTE procedure for polling which mostly is fine. However, since only new AMD PDUs are transmitted, we think that the polling procedure should take into account whether the AMD PDU contains previously transmitted RLC SDU or RLC SDU segment.
Proposal 3: For polling, only new AMD PDUs containing not previously transmitted RLC SDU or RLC SDU segment are considered for increasing the polling counters.
What comes to the STATUS PDU construction by the receiving RLC entity, the AMD PDU terminology cannot be directly applied from LTE as we don’t have the concept of AMD PDU segment anymore, ie., no portions of AMD PDUs are ever received. In principle, the receiver (negatively) acknowledges RLC SDU or RLC SDU segment without caring how many AMD PDUs these would be mapped to – we think this nicely also follows the principle agreed previously for transmitter, ie., transmitter segments RLC SDU, not PDU.
Proposal 4: Receiving RLC entity (negatively) acknowledges RLC SDU or RLC SDU segment.
Proposal 5: Agree the text proposal provided in Annex for TS 38.322.
Annex: Text proposal
*** Start of change ***
[bookmark: _Toc454281526][bookmark: _Toc488395813]5.1.3	AM data transfer
[bookmark: _Toc484620849][bookmark: _Toc488395814][bookmark: _Toc477961569]5.1.3.1	Transmit operations
[bookmark: _Toc477961570][bookmark: _Toc484620850][bookmark: _Toc488395815]5.1.3.1.1	General
The transmitting side of an AM RLC entity shall prioritize transmission of RLC control PDUs over AMD PDUs. The transmitting side of an AM RLC entity shall prioritize retransmission of AMD PDUs containing previously transmitted RLC SDUs or RLC SDU segments over transmission of new AMD PDUs containing not previously transmitted RLC SDUs or RLC SDU segments.
The transmitting side of an AM RLC entity shall maintain a transmitting window according to the state variable TX_Next_Ack as follows:
-	a SN falls within the transmitting window if TX_Next_Ack <= SN < TX_Next_Ack + AM_Window_Size;
-	a SN falls outside of the transmitting window otherwise.
The transmitting side of an AM RLC entity shall not deliver to lower layer any AMD PDU whose SN falls outside of the transmitting window.
For each RLC SDU received from the upper layer, the AM RLC entity shall:
-	associate a SN with the RLC SDU equal to TX_Next and construct an AMD PDU by setting the SN of the AMD PDU to TX_Next;
-	increment TX_Next by one.
When delivering an AMD PDU that contains a segment of a RLC SDU, to lower layer, the transmitting side of an AM RLC entity shall:
-	if the AMD PDU contains not previously transmitted RLC SDU or RLC SDU segment:
-	set the SN of the AMD PDU to TX_Next;
-	if the AMD PDU contains a RLC SDU or a segment of RLC SDU that maps to the last byte of a RLC SDU:
[bookmark: _GoBack]-	increment TX_Next by one;
-	else:
-	set the SN of the AMD PDU to the SN of the corresponding RLC SDU.
The transmitting side of an AM RLC entity can receive a positive acknowledgement (confirmation of successful reception by its peer AM RLC entity) for an AMD PDU by the following:
-	STATUS PDU from its peer AM RLC entity.
When receiving a positive acknowledgement for an AMD PDU with SN = x, the transmitting side of an AM RLC entity shall:
-	if positive acknowledgements have been received for all AMD PDU(s) associated with the transmitted RLC SDU:
-	send an indication to the upper layers of successful delivery of the RLC SDU;
-	set TX_Next_Ack equal to the SN of the RLC SDU with the smallest SN, whose SN falls within the range TX_Next_Ack <= SN <= TX_Next and for which all positive acknowledgments of associated AMD PDU(s) have not been received yet.
*** End of change ***

*** Start of change ***
5.2.1	Retransmission
The transmitting side of an AM RLC entity can receive a negative acknowledgement (notification of reception failure by its peer AM RLC entity) for a RLC SDU or a RLC SDU segment by the following:
-	STATUS PDU from its peer AM RLC entity.
When receiving a negative acknowledgement for a RLC SDU or a RLC SDU segment by a STATUS PDU from its peer AM RLC entity, the transmitting side of the AM RLC entity shall:
-	if the SN of the corresponding RLC SDU falls within the range TX_Next_Ack <= SN < TX_Next:
-	consider the RLC SDU or the RLC SDU segment for which a negative acknowledgement was received for retransmission.
When a RLC SDU or a RLC SDU segment is considered for retransmission, the transmitting side of the AM RLC entity shall:
-	if the RLC SDU or RLC SDU segment is considered for retransmission for the first time: 
-	set the RETX_COUNT associated with the RLC SDU to zero;
-	else, if it (the RLC SDU or the RLC SDU segment that is considered for retransmission) is not pending for retransmission already:
-	increment the RETX_COUNT;
-	if RETX_COUNT = maxRetxThreshold:
-	indicate to upper layers that max retransmission has been reached.
When retransmitting a RLC SDU or a RLC SDU segment, the transmitting side of an AM RLC entity shall:
-	if the RLC SDU or RLC SDU segment can entirely fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity:
-	deliver the AMD PDU as it is except for the P field (the P field should be set according to sub clause 5.2.2) to lower layer;
-	otherwise:
-	when needed, segment the RLC SDU or the RLC SDU segment to and form a new RLC SDU segmentAMD PDU which will fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity and deliver the new AMD PDU to lower layer according to sub clause 5.1.3.1.1.
When forming a new AMD PDU, the transmitting side of an AM RLC entity shall:
-	only map the original RLC SDU or RLC SDU segment to the Data field of the new AMD PDU;
-	modify the header of the new AMD PDU in accordance with the description in sub clause 6.;
-	set the P field according to sub clause 5.2.2.
*** End of change ***

*** Start of change ***
[bookmark: _Toc477961578][bookmark: _Toc484620858][bookmark: _Toc488395823]5.2.2	Polling
An AM RLC entity can poll its peer AM RLC entity in order to trigger STATUS reporting at the peer AM RLC entity.
[bookmark: _Toc477961579][bookmark: _Toc484620859][bookmark: _Toc488395824]5.2.2.1	Transmission of a AMD PDU
Editor’s note: The calculation of PDU_WITHOUT_POLL and BYTE_WITHOUT_POLL may need to be clarified for NR. This section will then be updated. For now the text does NOT describe how these variables are calculated, or when a POLL bit is included.
Upon assembly of a new AMD PDU containing not previously transmitted RLC SDUs or RLC SDU segments, the transmitting side of an AM RLC entity shall:
-	increment PDU_WITHOUT_POLL by one;
-	increment BYTE_WITHOUT_POLL by every new byte of Data field element that it maps to the Data field of the AMD PDU;
-	if PDU_WITHOUT_POLL >= pollPDU; or
-	if BYTE_WITHOUT_POLL >= pollByte;
-	include a poll in the AMD PDU as described below.
Upon assembly of an AMD PDU, the transmitting side of an AM RLC entity shall:
-	if both the transmission buffer and the retransmission buffer becomes empty (excluding transmitted RLC SDU or RLC SDU segment awaiting for acknowledgements) after the transmission of the AMD PDU; or
-	if no new RLC SDU can be transmitted after the transmission of the AMD PDU (e.g. due to window stalling);
-	include a poll in the AMD PDU as described below.
NOTE:	Empty RLC buffer (excluding transmitted RLC SDU or RLC SDU segment awaiting for acknowledgements) should not lead to unnecessary polling when data awaits in the upper layer. Details are left up to UE implementation.
To include a poll in a AMD PDU, the transmitting side of an AM RLC entity shall:
-	set the P field of the RLC data PDU to "1";
-	set PDU_WITHOUT_POLL to 0;
-	set BYTE_WITHOUT_POLL to 0;
After delivering an AMD PDU including a poll to lower layer and after incrementing of TX_Next if necessary, the transmitting side of an AM RLC entity shall:
-	set POLL_SN to TX_Next – 1;
-	if t-PollRetransmit is not running:
-	start t-PollRetransmit;
-	else:
-	restart t-PollRetransmit;
[bookmark: _Toc477961580][bookmark: _Toc484620860][bookmark: _Toc488395825]5.2.2.2	Reception of a STATUS report
Upon reception of a STATUS report from the receiving RLC AM entity the transmitting side of an AM RLC entity shall:
-	if the STATUS report comprises a positive or negative acknowledgement for the AMD PDU RLC SDU with sequence number equal to POLL_SN:
-	if t-PollRetransmit is running:
-	stop and reset t-PollRetransmit.
[bookmark: _Toc477961581][bookmark: _Toc484620861][bookmark: _Toc488395826]5.2.2.3	Expiry of t-PollRetransmit
Upon expiry of t-PollRetransmit, the transmitting side of an AM RLC entity shall:
-	if both the transmission buffer and the retransmission buffer are empty (excluding transmitted AMD PDU RLC SDU or RLC SDU segment awaiting for acknowledgements); or
-	if no new AMD PDURLC SDU can be transmitted (e.g. due to window stalling):
-	consider the RLC SDU with SN = TX_Next – 1 for retransmission; or
-	consider any RLC SDU which has not been positively acknowledged for retransmission;
-	include a poll in an AMD PDU as described in section 5.2.2.1.
*** End of change ***

*** Start of change ***
[bookmark: _Toc477961582][bookmark: _Toc484620862][bookmark: _Toc488395827]5.2.3	Status reporting
An AM RLC entity sends STATUS PDUs to its peer AM RLC entity in order to provide positive and/or negative acknowledgements of RLC SDUs (or portions of them).
Triggers to initiate STATUS reporting include:
-	Polling from its peer AM RLC entity:
-	When an AMD PDU with SN = x and the P field set to “1” is received from lower layer, the receiving side of an AM RLC entity shall:
-	if the PDU is to be discarded as specified in subclause 5.1.3.2.2; or
-	if x < RX_Highest_Status or x >= RX_Next + AM_Window_Size:
-	trigger a STATUS report;
-	else:
-	delay triggering the STATUS report until x < RX_Highest_Status or x >= RX_Next + AM_Window_Size.
NOTE 1:	This ensures that the RLC Status report is transmitted after HARQ reordering.
-	Detection of reception failure of an AMD PDU
-	The receiving side of an AM RLC entity shall trigger a STATUS report when t-Reordering expires.
NOTE 2:	The expiry of t-Reordering triggers both RX_Highest_Status to be updated and a STATUS report to be triggered, but the STATUS report shall be triggered after RX_Highest_Status is updated.
When STATUS reporting has been triggered, the receiving side of an AM RLC entity shall:
-	if t-StatusProhibit is not running:
-	at the first transmission opportunity indicated by lower layer, construct a STATUS PDU and deliver it to lower layer;
-	else:
-	at the first transmission opportunity indicated by lower layer after t-StatusProhibit expires, construct a single STATUS PDU even if status reporting was triggered several times while t-StatusProhibit was running and deliver it to lower layer;
When a STATUS PDU has been delivered to lower layer, the receiving side of an AM RLC entity shall:
-	start t-StatusProhibit.
When constructing a STATUS PDU, the AM RLC entity shall:
-	for the AMD PDUsRLC SDUs with SN such that RX_Next <= SN < RX_Highest_Status that has not been completely received yet, in increasing SN order of SDUs and increasing byte segment order within SDUs, starting with SN = RX_Next 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 RLC SDU 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 RLC SDU;
-	for a continuous sequence of byte segments of a partly received RLC SDU that have not been received yet:
-	include in the STATUS PDU a set of NACK_SN, SOstart and SOend
-	for a continuous sequence of RLC SDUs that have not been received yet:
-	include in the STATUS PDU a set of NACK_SN and NACK range
-	include in the STATUS PDU, if required, a pair of SOstart and SOend
-	set the ACK_SN to the SN of the next not received RLC SDU which is not indicated as missing in the resulting STATUS PDU.
*** End of change ***
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