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1 Introduction
In RAN2#97BIS and previous meetings, several agreements were reached for NR RLC. Subsequently, some of these agreements were captured in a running draft TS based on an email discussion [1]. In this document, we propose a text proposal to capture the following agreements related to RLC procedures in Clause 5.
Agreements 
-	RLC adds an RLC SN
-	An RLC SDU for UM and AM can be associated with only one RLC SN, i.e., the byte segments from an RLC SDU can be associated with the same RLC SN.
-	In NR, the segmentation function is only placed in the RLC layer as in LTE.
-	Duplicate detection functionality is kept as a baseline. FFS if duplicate detection can be removed.
-	RLC UM receive window operation is maintained similar to LTE.  If duplicate detection is removed from RLC UM then the need for the window will depend on the mechanism use to discard.
-	Transmit/Receive window operation for RLC AM is performed the same as LTE.
-	Complete PDCP PDUs can be delivered out-of-order from RLC to PDCP. RLC delivers PDCP PDUs to PDCP after the PDU is reassembled
-	The ARQ will be supported in RLC.
-	Segmentation and re-segmentation is based on RLC SDU, i.e., SO field indicates byte position of the RLC SDU
During the email discussion, different views were expressed on how RLC PDUs containing RLC SDU segments are referred in the specification text. In our opinion, the terms UMD PDU and AMD PDU are sufficient to refer to PDUs that carry RLC SDUs or RLC SDU segments. In particular, there is no need to define an AMD PDU segment format like in LTE. Accordingly we propose the following:
Proposal 1: RLC specification will define the terms RLC SDU, RLC SDU segment, UMD PDU, and AMD PDU.
We also think that the RLC spec. will be more readable if more descriptive names are chosen for state variables. We propose the following replacements in Table 1.

	Old variable name               (in LTE RLC spec)
	New variable name

	VT(US)
	Next_TX_SN

	VT(A)
	Next_ACK_SN

	VT(S)
	Next_TX_SN

	VT(MS)
	Discontinued

	VR(R)
	Lower_RX_SN

	VR(MR)
	Discontinued

	VR(H)
	Highest_Rcvd_Rx_SN

	VR(MS)
	Highest_Acked_SN

	VR(X)
	Next_Reorder_SN


[bookmark: _Ref481682674]Table 1: Variable names for RLC
Proposal 2: The variable names are updated as shown in Table 1.
A text proposal based on the RAN2 agreements above and proposal 1 and 2, is provided in the next Section.
Proposal 3: The TP is agreed to be incorporated in the running draft TS for 38.322.
Changes from LTE baseline are highlighted.
2 Text proposal
[bookmark: _Toc477961553]5	Procedures
[bookmark: _Toc477961554][bookmark: _GoBack]5.1	Data transfer procedures
[bookmark: _Toc477961555]5.1.1	TM data transfer
[bookmark: _Toc477961556]5.1.1.1	Transmit operations
[bookmark: _Toc477961557]5.1.1.1.1	General
When submitting a new TMD PDU to lower layer, the transmitting TM RLC entity shall:
-	submit a RLC SDU without any modification to lower layer.
[bookmark: _Toc477961558]5.1.1.2	Receive operations
[bookmark: _Toc477961559]5.1.1.2.1	General
When receiving a new TMD PDU from lower layer, the receiving TM RLC entity shall:
-	deliver the TMD PDU without any modification to upper layer.
[bookmark: _Toc477961560]5.1.2	UM data transfer
[bookmark: _Toc477961561]5.1.2.1	Transmit operations
[bookmark: _Toc477961562]5.1.2.1.1	General
When delivering a UMD PDU that contains an RLC SDU or the first segment of an RLC SDU, that has not been transmitted before, to lower layer, the transmitting UM RLC entity shall:
-	set the SN of the UMD PDU to Next_TX_SN, and then increment Next_TX_SN by one.
[bookmark: _Toc477961563]5.1.2.2	Receive operations
[bookmark: _Toc477961564]5.1.2.2.1	General
Editor’s note: Will be updated based on future agreements on the role of t-Reordering timer, inclusion of RLC SN in unsegmented RLC PDUs, duplicate detection, mechanism to discard segments etc.
[bookmark: _Toc477961568]5.1.3	AM data transfer
[bookmark: _Toc477961569]5.1.3.1	Transmit operations
[bookmark: _Toc477961570]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.
The transmitting side of an AM RLC entity shall maintain a transmitting window according to state variables Next_ACK_SN as follows:
-	a SN falls within the transmitting window if Next_ACK_SN <= SN < Next_ACK_SN + 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.
When delivering an AMD PDU that contains a RLC SDU or the first segment of a RLC SDU, that has not been transmitted before, to lower layer, the transmitting side of an AM RLC entity shall:
-	set the SN of the AMD PDU to Next_TX_SN, and then increment Next_TX_SN by one.
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 AMDPDU 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 Next_ACK_SN equal to the SN of the RLC SDU with the smallest SN, whose SN falls within the range Next_ACK_SN <= SN <= Next_TX_SN and for which the positive acknowledgments has not been received yet.
Editor’s note: Will be updated based on future agreements (if any) on the details of ARQ operation, state variables etc.
[bookmark: _Toc477961571]5.1.3.2	Receive operations
[bookmark: _Toc477961572]5.1.3.2.1	General
The receiving side of an AM RLC entity shall maintain a receiving window according to state variables Lower_RX_SN as follows:
-	a SN falls within the receiving window if Lower_RX_SN <= SN < Lower_RX_SN + AM_Window_Size;
-	a SN falls outside of the receiving window otherwise.
When receiving an AMD PDU from lower layer, the receiving side of an AM RLC entity shall:
-	either discard the received AMD PDU or place it in the reception buffer (see sub clause 5.1.3.2.2);
-	if the received AMD 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 5.1.3.2.3).
When t-Reordering expires, the receiving side of an AM RLC entity shall:
-	update state variables and start t-Reordering as needed (see sub clause 5.1.3.2.4).
Editor’s note: Will be updated if naming for t-Reordering is changed.
[bookmark: _Toc477961573]5.1.3.2.2	Actions when an AMD PDU is received from lower layer
When an AMD PDU is received from lower layer, where the AMD PDU contains byte segment numbers y to z of a RLC SDU 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 RLC SDU with SN = x have been received before:
-	discard the received AMD PDU;
-	else:
-	place the received AMD PDU in the reception buffer;
-	if some byte segments of the RLC SDU contained in the AMD PDU have been received before:
-	discard the duplicate byte segments.
[bookmark: _Toc477961574]5.1.3.2.3	Actions when an AMD PDU is placed in the reception buffer
When an AMD PDU with SN = x is placed in the reception buffer, the receiving side of an AM RLC entity shall:
-	if x >= Highest_Rcvd_Rx_SN 
-	update Highest_Rcvd_Rx_SN to x+ 1;
-	if all bytes of the RLC SDU with SN = x are received:
-	reassemble the RLC SDU from AMD PDU(s) with SN = x, remove RLC headers when doing so and deliver the reassembled RLC SDU to upper layer if not delivered before;
-	if x = Highest_Acked_SN,
-	update Highest_Acked_SN to the SN of the first RLC SDU with SN > current Highest_Acked_SN for which not all bytes have been received;
-	if x = Lower_RX_SN:
-	if all bytes of the RLC SDU with SN = Lower_RX_SN are received:
-	update Lower_RX_SN to the SN of the first RLC SDU with SN > current Lower_RX_SN for which not all bytes have been received; 
-	if t-Reordering is running:
-	if Next_Reorder_SN = Lower_RX_SN; or
-	if Next_Reorder_SN falls outside of the receiving window and Next_Reorder_SN is not equal to Lower_RX_SN + AM_Window_Size:
-	stop and reset t-Reordering;
-	if t-Reordering is not running (includes the case t-Reordering is stopped due to actions above):
-	if Highest_Rcvd_Rx_SN > Lower_RX_SN:
-	start t-Reordering;
-	set Next_Reorder_SN to Highest_Rcvd_Rx_SN.
[bookmark: _Toc477961575]5.1.3.2.4	Actions when t-Reordering expires
When t-Reordering expires, the receiving side of an AM RLC entity shall:
-	update Highest_Acked_SN to the SN of the first RLC SDU with SN >= Next_Reorder_SN for which not all bytes have been received;
-	if Highest_Rcvd_Rx_SN > Highest_Acked_SN:
-	start t-Reordering;
-	set Next_Reorder_SN to Highest_Rcvd_Rx_SN.
[bookmark: _Toc477961576]5.2	ARQ procedures
ARQ procedures are only performed by an AM RLC entity.
[bookmark: _Toc477961577]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 Next_ACK_SN <= SN < Next_TX_SN:
-	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 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, or a portion of it 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 Data field of 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.
[bookmark: _Toc477961578]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]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 with the procedure to determine when a poll is sent.
After delivering an AMD PDU including a poll to lower layer and after incrementing of Next_TX_SN if necessary, the transmitting side of an AM RLC entity shall:
-	set POLL_SN to Next_TX_SN – 1;
-	if t-PollRetransmit is not running:
-	start t-PollRetransmit;
-	else:
-	restart t-PollRetransmit;
[bookmark: _Toc477961580]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 with sequence number equal to POLL_SN:
-	if t-PollRetransmit is running:
-	stop and reset t-PollRetransmit.
[bookmark: _Toc477961581]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 awaiting for acknowledgements); or
-	if no new RLC SDU can be transmitted (e.g. due to window stalling):
-	consider the RLC SDU with SN = Next_TX_SN – 1 for retransmission; or
-	consider any RLC SDU which has not been positively acknowledged for retransmission;
-	include a poll in a AMD PDU as described in section 5.2.2.1.
[bookmark: _Toc477961582]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 < Highest_Acked_SN or x >= Lower_RX_SN + AM_Window_Size:
-	trigger a STATUS report;
-	else:
-	delay triggering the STATUS report until x < Highest_Acked_SN or x >= Lower_RX_SN + 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 Highest_Acked_SN to be updated and a STATUS report to be triggered, but the STATUS report shall be triggered after Highest_Acked_SN 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 PDUs with SN such that Lower_RX_SN <= SN < Highest_Acked_SN that has not been completely received yet, in increasing SN order of SDUs and increasing byte segment order within SDUs, starting with SN = Lower_RX_SN 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
-	set the ACK_SN to the SN of the next not received AMD PDU which is not indicated as missing in the resulting STATUS PDU.
Editor’s note: Will be updated based on future agreements (if any) on the format of STATUS PDU.
[bookmark: _Toc477961583]5.3	SDU discard procedures
When indicated from upper layer (i.e. PDCP) to discard a particular RLC SDU, the transmitting side of an AM RLC entity or the transmitting UM RLC entity shall discard the indicated RLC SDU if the RLC SDU or RLC SDU segment has not been mapped to a RLC data PDU yet.
[bookmark: _Toc477961584]5.4	Re-establishment procedure
[bookmark: _Toc480213595][bookmark: _Toc480393671]5.5	Data volume calculation
Editor’s note: This is an attempt to make the RLC and PDCP specifications mutually consistent.
For the purpose of MAC buffer status reporting, the UE shall consider the following as RLC data volume:
-	RLC SDUs, or segments thereof, that have not yet been included in an RLC data PDU;
-	RLC PDUs that are pending for initial transmission;
-	RLC data PDUs that are pending for retransmission (RLC AM).
In addition, if a STATUS PDU has been triggered and t-StatusProhibit is not running or has expired, the UE shall estimate the size of the STATUS PDU that will be transmitted in the next transmission opportunity, and consider this as part of RLC data volume.
[bookmark: _Toc477961585]5.6	Handling of unknown, unforeseen and erroneous protocol data
[bookmark: _Toc477961586]5.6.1	Reception of PDU with reserved or invalid values
When an RLC entity receives an RLC PDU that contains reserved or invalid values, the RLC entity shall:
-	discard the received PDU. 
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