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1 Introduction
Allowing the UE to pre-construct PDCP/RLC PDUs is a new feature introduced in NR compared to LTE. To this end, the concatenation function has been removed from the RLC layer, so that each RLC SDU can be allocated with a unique RLC SN and the RLC header is possibly prepared before the UL grant.
In current draft RLC specification TS 38.322 [1], it allows RLC PDUs to be pre-constructed before the transmission opportunity indicated by lower layers as specified below.
	1.1.1 4.2.1
RLC entities
Each RLC SDU is used to construct an RLC PDU without waiting for notification from the lower layer (i.e., by MAC) of a transmission opportunity. In the case of UM and AM RLC entities, an RLC SDU may be segmented and transported using two or more RLC PDUs based on the notification(s) from the lower layer.
<Text removed here>
5.1.3
AM data transfer
5.1.3.1
Transmit operations

5.1.3.1.1
General
<Text removed here>
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:

-
set the SN of the AMD PDU to the SN of the corresponding RLC SDU.




However, current text procedure in draft TS 38.322 does not specify when those pre-constructed RLC PDUs are delivered from RLC to lower layers. The specified text below means that the RLC PDUs with RLC SDU segments cannot be delivered to lower layers before RLC being notified of a transmission opportunity by lower layers.
	1.1.1.1.1 4.2.1.3.2
Transmitting side

The transmitting side of an AM RLC entity generates an AMD PDU for each RLC SDU. When notified of a transmission opportunity by the lower layer, the transmitting AM RLC entity shall segment the RLC SDUs, if needed, so that the corresponding AMD PDUs, with RLC headers updated as needed, fit within the total size of RLC PDU(s) indicated by lower layer.



Furthermore, there are still some issues not crystal clear, e.g. whether a RLC AMD PDU can be fully pre-constructed including the P field. 
In this contribution, we will discuss different options for RLC pre-processing. 

Compared to the contributions we submitted in the last meeting, we will provide more options for pre-processing in this paper, and have changed our preference from option 3 to option 5. Furthermore, we will analyze the issue regarding RLC SDU/PDU discard upon expiry of PDCP discard timer.
2 Discussion
2.1 RLC PDU Construction and Delivery
In order to specify a full pre-construction mechanism, the RLC layer should specify the following operations:
· Step 1: the full RLC PDUs including all the fields in the RLC header should be able to be constructed upon reception of RLC SDUs from the upper layer (i.e. PDCP);
· Step 2: the RLC layer should deliver the pre-constructed RLC PDUs to the MAC layer immediately after the pre-construction of RLC PDUs.

For RLC UM, the UMD PDU format includes SI field, SN field (for RLC SDUs segments only) and SO field (for RLC SDUs segments only). Before the LCP processing for a UL grant, it cannot be pre-determined whether a RLC SDU needs segmentation. It means that, for a RLC SDU, all the fields (SI/SN/SO) in the corresponding RLC PDU cannot be determined before the UL grant. However, from UE implementation perspective, it may be still beneficial for the UE to prepare the RLC UMD PDU based on the assumption that the RLC SDU will not be segmented, as non-segmented SDUs should be more than the segmented RLC SDUs in high data rate scenarios. For a particular RLC SDU, if segmentation is needed according to the grant size indicated by MAC, then preconstruction should be withdrawn and a new RLC PDU should be created based on the indicated grant size.
Table-1 Pre-construction of UMD PDU
	Fields
	Pre-determinable before UL grant?

	SI
	No

	SN
	No

	SO
	No


For RLC AM, the AMD PDU format includes D/C field, P field, SI field, SN field and SO field (for RLC SDUs segments only). The D/C field can be always known before the UL grant, and the SN field can also be obtained due to the removal of concatenation. Same as UMD PDUs, whether a RLC SDU needs segmentation cannot be pre-determined before the UL grant. It means that SI and SO fields cannot be set in advance. For the P field, according to the LTE baseline for polling triggers, it is difficult to pre-determine whether a poll should be included in a RLC PDU before the UL grant for the following polling triggers: a) the last packet the transmission/retransmission buffer; and b) window stalling. However, similar to RLC UM, from UE implementation perspective, it is possible for the UE to prepare the RLC AMD PDU based on the assumption that the RLC SDU will not be segmented and no polling is triggered. For a particular RLC SDU, if segmentation is needed according to the grant size or polling is triggered for the particular transmission opportunity, then the pre-constructed header can be withdrawn and a new RLC AMD PDU can be created accordingly. 
Table-1 Pre-construction of AMD PDU
	Fields
	Pre-determinable before UL grant?

	D/C
	Yes

	P
	No

	SI
	No

	SN
	Yes

	SO
	No


According to the analysis above, in conclusion, for both RLC AM and UM, it is unachievable of pre-determination of RLC headers before the UL grant. 
Observation 1: for both RLC AM/UM, RLC headers cannot be pre-determined before the UL grant.

It may be beneficial for the UE to pre-construct RLC PDUs based on some assumptions (e.g. no segmentation and/or no polling) if the UE has limitation on processing capability. However, we may not need to specify the pre-construction procedure based on the assumptions or guess, and can leave the assumption or guess to UE implementation. One reason is that, whether pre-construction is beneficial depends on several factors, including UE capability, grant size, packet size and etc. The UE of high processing capability may not need preconstruction. On the other hand, after PDUs are pre-constructed, it is not clear how many of those pre-constructed RLC PDUs need to be withdrawn and new PDUs should be regenerated. An extreme case could be that all pre-constructed RLC PDUs need to be withdrawn in case the upper layer packet is big but the grant is comparatively smaller. 
Moreover, for step 2, even if the RLC PDU can be pre-constructed completely, RLC should not deliver it to MAC in advance before the UL grant, since in the MAC layer there is no buffer specified to store those MAC SDUs. 

Observation 2: From specification point of view, RLC cannot deliver pre-constructed RLC PDUs to MAC before the UL grant, as there is no buffer specified in MAC for storing those MAC SDUs.

According to Observation 1 and 2, we can conclude that current agreements cannot allow a full pre-processing. There are the following ways to specify RLC in terms of pre-processing:
· Option 1: in the RLC specification, RLC should pre-determine all the fields in the RLC PDU, construct the RLC PDU and deliver the pre-constructed RLC PDU to MAC before the transmission opportunity;

· Option 2 (i.e. the way in current draft TS): In the RLC specification, the RLC PDU can be pre-constructed although some fields in RLC headers cannot be pre-determined in advance before a transmission opportunity. The pre-constructed RLC PDU may be withdrawn in case e.g. segmentation is necessary according the grant size. The polling bit may only be determined upon the transmission opportunity. It is not specified when RLC delivers pre-constructed RLC PDUs to MAC;
· Option 3 (i.e. the way we proposed in the last meeting): In the RLC specification, RLC PDUs are constructed and delivered to MAC when MAC notifies a transmission opportunity to RLC, as in LTE. It is up to UE implementation to do pre-processing;
· Option 4: In the RLC specification, it does not specify when RLC PDUs are pre-constructed and when RLC delivers constructed RLC PDUs to MAC. It is up to UE implementation to do pre-processing.
· Option 5: In the RLC specification, it does not specify when RLC PDUs are pre-constructed, but RLC delivers RLC PDUs to MAC only when MAC notifies a transmission opportunity to RLC.
We compare the four options above in the following table.

Table-1 Comparison of options for pre-processing

	Options
	Pros and Cons

	Option 1
	Require more mechanisms agreed for the RLC to pre-determine the fields of the RLC PDU, e.g. (SI, SO, P). 

A new buffer should be introduced in MAC to store those RLC PDUs which are pre-constructed and delivered by RLC to MAC before the transmission opportunity.

	Option 2
	Make the specification complicated and ambiguous. RLC will construct RLC PDUs before the transmission opportunity but cannot determine the fields (e.g. SI, SO, P) of the RLC PDU. In the end, the pre-constructed RLC PDU may be withdrawn when segmentation is necessary. The withdrawn operation is also specified in RLC.

On the other hand, it is unclear when the pre-constructed RLC PDUs are delivered to MAC and how the MAC stores those RLC PDUs and whether to consider those RLC PDUs stored in MAC in buffer status reports.

	Option 3
	Simple. The overall design is clear and consistent among PDCP/RLC/MAC. Before the transmission opportunity, the data is buffered in PDCP/RLC, which is consistent with current BSR calculation mechanism.

However, In RLC specification, pre-processing is not allowed and can only be done by UE implementaion.

	Option 4
	Simple. In RLC specification, pre-processing is invisible and can be done by UE implementaion.

However, it is unclear when the pre-constructed RLC PDUs are delivered to MAC and how the MAC stores those RLC PDUs and whether to consider those RLC PDUs stored in MAC in buffer status reports.

	Option 5
	Simple. In RLC specification, RLC PDU pre-construction is invisible and can be done by UE implementaion. Those constructed RLC PDUs are only stored in RLC, which is consistent with current BSR calculation mechanism.


Based on the analysis in Table-1, although we think from specification point of view, option 3 (i.e. the way we proposed in the last meeting) is the most unambiguous one, but we are fine with option 5 considering the concern from some companies, i.e. in option 3 pre-processing is not allowed in specification.
Proposal 1: In the RLC specification, it does not specify when RLC PDUs are constructed. RLC PDU pre-processing is allowed by UE implementation. 

Proposal 2: In the RLC specification, RLC delivers constructed RLC PDUs to MAC when a transmission opportunity is notified by MAC. 
2.2 RLC SDU/PDU discard
When the PDCP discard timer of a PDCP SDU expires, in LTE, PDCP instructs RLC to discard the corresponding RLC SDU if the RLC SDU has not been mapped to a RLC PDU. In LTE, a RLC SDU is mapped to a RLC PDU only when a transmission opportunity is indicated by the lower layer. Therefore, in LTE, before a RLC SDU or a segment of the RLC SDU is transmitted, the RLC SDU can be discarded upon expiry of the PDCP discard timer.

Observation 3: In LTE, before a RLC SDU or a segment of the RLC SDU is transmitted, the RLC SDU can be discarded upon expiry of the PDCP discard timer.

However, as RLC PDU pre-construction is allowed in NR, the RLC PDU is allowed to be pre-constructed before the transmission opportunity, and the RLC SDU may be mapped to the RLC PDU immediately after it is delivered from the upper layer. In that case, the RLC SDU may not be discarded if we reuse the wording specified in LTE as in current TS 38.322 below.

	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.

Editor’s note: this section may be impacted by the discussion of pre-processing, will be updated if further agreements are reached



To align with LTE behaviours, we think that the pre-processed RLC PDU shall be discarded upon expiry of the corresponding PDCP discard timer, if the RLC PDU has not been delivered to the lower layer for transmission.
Proposal 3: When indicated by PDCP to discard a particular RLC SDU, RLC shall discard the indicated RLC SDU and the associated RLC PDU if created if the RLC SDU or RLC SDU segment has not been delivered to the lower layer.

However, discarding the pre-constructed RLC PDU may lead to RLC SN gaps in the transmitter side. To avoid any problem, the limitation can be specified in RLC that the UE shall not deliver new RLC PDUs to the lower layer with SN gap.
Proposal 4: RLC specifies a limitation that the UE shall not deliver new RLC PDUs to the lower layer with SN gap.

2.3 RLC header fields
According to this principle, it is up to UE when to construct a RLC PDU. However, the poll can be determined in a RLC PDU when the AMD PDU is delivered to MAC upon the transmission opportunity indicated by the lower layer.
Proposal 5: The poll is included in a RLC AMD PDU only when the AMD PDU is delivered to MAC upon the transmission opportunity indicated by the lower layer.
3 Conclusion and Proposals
Observation 1: for both RLC AM/UM, RLC headers cannot be pre-determined before the UL grant.

Observation 2: From specification point of view, RLC cannot deliver pre-constructed RLC PDUs to MAC before the UL grant, as there is no buffer specified in MAC for storing those MAC SDUs.

Observation 3: In LTE, before a RLC SDU or a segment of the RLC SDU is transmitted, the RLC SDU can be discarded upon expiry of the PDCP discard timer.

Proposal 1: In the RLC specification, it does not specify when RLC PDUs are constructed. RLC PDU pre-processing is allowed by UE implementation. 

Proposal 2: In the RLC specification, RLC delivers constructed RLC PDUs to MAC when a transmission opportunity is notified by MAC. 
Proposal 3: When indicated by PDCP to discard a particular RLC SDU, RLC shall discard the indicated RLC SDU and the associated RLC PDU if created if the RLC SDU or RLC SDU segment has not been delivered to the lower layer.

Proposal 4: RLC specifies a limitation that the UE shall not deliver new RLC PDUs to the lower layer with SN gap.

Proposal 5: The poll is included in a RLC AMD PDU only when the AMD PDU is delivered to MAC upon the transmission opportunity indicated by the lower layer.

4 Text Proposal

4.2.1
RLC entities
The description in this sub clause is a model and does not specify or restrict implementations.
RRC is generally in control of the RLC configuration.
<Text removed here>
RLC SDUs of variable sizes which are byte aligned (i.e. multiple of 8 bits) are supported for all RLC entity types (i.e. TM, UM and AM RLC entity).
RLC PDUs are delivered to lower layer only when a transmission opportunity has been notified by lower layer (i.e. by MAC). The RLC entity shall not deliver new RLC PDUs to the lower layer with SN gap.
Description of different RLC entity types are provided below.
<Text removed here>

4.2.1.2.2
Transmitting UM RLC entity
The transmitting UM RLC entity generates an UMD PDU for each RLC SDU. It shall include relevant RLC headers in the UMD PDU. When notified of a transmission opportunity by the lower layer, the transmitting UM RLC entity shall segment the RLC SDUs, if needed, so that the corresponding UMD PDUs, with RLC headers, fit within the total size of RLC PDU(s) indicated by lower layer. 
<Text removed here>

4.2.1.3.2
Transmitting side
The transmitting side of an AM RLC entity generates an AMD PDU for each RLC SDU. When notified of a transmission opportunity by the lower layer, the transmitting AM RLC entity may segment the RLC SDUs, if needed, so that the corresponding AMD PDUs, with RLC headers, fit within the total size of RLC PDU(s) indicated by lower layer.
The transmitting side of an AM RLC entity supports retransmission of RLC SDUs or RLC SDU segments (ARQ):

-
if the RLC SDU or RLC SDU segment to be retransmitted (including the RLC header) does not fit within the total size of RLC PDU(s) indicated by lower layer at the particular transmission opportunity notified by lower layer, the AM RLC entity can segment the RLC SDU or re-segment the RLC SDU segments into RLC SDU segments.

-
the number of re-segmentation is not limited.

When the transmitting side of an AM RLC entity forms AMD PDUs from RLC SDUs or RLC SDU segments, it shall:

-
include relevant RLC headers in the AMD PDU.
<Text removed here>

5.1.3
AM data transfer
5.1.3.1
Transmit operations

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 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.


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.

<Text removed here>

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.

5.2.2.1
Transmission of a AMD PDU
Upon delivering a new AMD PDU to the lower layer, 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 RLC data PDU;

-
if PDU_WITHOUT_POLL >= pollPDU; or

-
if BYTE_WITHOUT_POLL >= pollByte;

-
include a poll in the RLC data PDU as described below.
Upon delivering a new AMD PDU to the lower layer, the transmitting side of an AM RLC entity shall:

-
if both the transmission buffer and the retransmission buffer becomes empty (excluding transmitted RLC data PDU awaiting for acknowledgements) after the transmission of the RLC data PDU; or

-
if no new RLC data PDU can be transmitted after the transmission of the RLC data PDU (e.g. due to window stalling);
-
include a poll in the RLC data PDU as described below.

To include a poll in a RLC data 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;

<Text removed here>

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 and the constructed PDU associated with this RLC SDU if the RLC SDU or RLC SDU segment has not been delivered to the lower layer yet.
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