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[bookmark: _Ref465978757]Introduction
In the previous meeting several alternatives have been proposed how to reduce the on-the-fly processing delay of the NR user plane stack. Unfortunately, some of those alternatives removed also several advantageous properties of the LTE user plan stack. 
In this contribution we proposed to interleave the Length Fields into the (pre-processed) PDCP data stream which has the potential to reduce the processing upon grant reception significantly. The remaining actions of creating and propagating the fixed size RLC headers and MAC sub-header can be performed in real-time. 
We believe that with this approach we achieve the anticipated low latency on the transmitter side while maintaining the efficiency and flexibility of the LTE protocol stack.
[bookmark: _Ref178064866]Discussion
The LTE user plane stack has several nice properties such as low protocol overhead also for low data rate services as well as for low L1 rates. The block of LI fields in the RLC header minimizes the number of memory accesses on the receiver side since the LI fields serve as pointers to the positions of all embedded PDCP PDUs. The separation of PDCP and RLC as well as the late addition of RLC sequence numbers fits well to the Dual Connectivity functionality and it allows discarding PDCP PDUs (and the included IP packets) from the front of the queue. Assigning the only one RLC sequence number per logical channel and transport block minimizes the sequence number space and therefore the ARQ processing and header overhead. 
But besides these advantages, the LTE UP stack has not been optimized for low transmitter side processing delay which makes it challenging to achieve the low delays anticipated for NR in particular at high data rates. 
Pre-Processing & Interleaving Length Fields
As highlighted by several companies, the RLC transmitter can generate the RLC header with possibly many Length Indicators only when the size of the transport block is known. Furthermore, the size of the RLC header depends not only on the size of the grant but also on the number and size of the RLC SDUs. Determining the exact number of data and header bytes and creating the RLC LI fields is hence an iterative process that may take a significant time for large transport blocks. As mentioned above, the block of LI fields in the RLC header is beneficial for the RLC receiver: It can serve as a kind of map with pointers to the embedded PDCP PDUs and thereby avoids that the receiver must parse the PDCP PDUs iteratively. But when focusing on the transmitter side, it appears preferable to pre-generate the these “length indicators” and to interleave them with the PDCP PDUs that they point to. In other words, each PDCP header could be prepended with a length field containing the size of the PDCP PDU and thereby pointing to the first byte of the PDCP header of the subsequent PDCP PDU (see blue boxes in Figure 1).
[bookmark: _Ref465978386][bookmark: _Toc465979512][bookmark: _Toc465980459][bookmark: _Toc465980499][bookmark: _Toc465982006][bookmark: _Toc466051451][bookmark: _Toc466051619][bookmark: _Toc466053571][bookmark: _Toc466056241][bookmark: _Toc466068415]The block of LI fields in the RLC header is replaced by a “Length Field” in each PDCP PDU header. The “Length Field” contains the size of the PDCP PDU and thereby points to the first byte of the subsequent PDCP PDU. 
The PDCP transmitter may pre-compute the PDCP header including the Length Field upon arrival of the IP packet from higher layers. At this point in time it may also cipher the packet and store this pre-computed PDCP in the memory. 
[bookmark: _Toc465979513][bookmark: _Toc465980460][bookmark: _Toc465980500][bookmark: _Toc465982007][bookmark: _Toc466051452][bookmark: _Toc466051620][bookmark: _Toc466053572][bookmark: _Toc466056242][bookmark: _Toc466068416]The PDCP transmitter may pre-generate the PDCP PDU including the “Length Field” upon arrival of the IP packet from higher layer.
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[bookmark: _Ref465978582]Figure 1: Example header structure of proposed protocol stack
Assigning the RLC SN
At the last meeting, several companies proposed to attach also the RLC sequence number at the same point of time when L field is added, i.e., to pre-generate the RLC header. However, we see several drawbacks when doing this:
The required RLC SN space increases significantly. Consequently, also the RLC header size and the processing overhead for maintaining the ARQ window management increases. 
In case of Dual Connectivity, the RLC transmitter leg (MCG or SCG) is not yet known upon arrival of an IP packet from higher layers. In LTE Rel-12, the UE shall forward the PDCP PDU to RLC layer only after the transmission grant is received. Hence, it is not possible to pre-assign RLC SN in this case. If they are anyway assigned there is a high probability that the RLC SN field of many stored RLC PDUs needs to be updated later. 
“PDU Discard” (queue management) cannot be applied to packets with an assigned RLC SN because the RLC receiver would report such a dropped packet as lost. Sequence numbers would have to be re-generated for all subsequently stored PDUs or other means need to be introduced to inform the ARQ receiver about the “intentional gap”.
RLC headers would be interleaved with the PDCP PDUs and stored in the memory. Upon scheduling, it is however not possible to send the pre-generated data stream as is. Instead, the transmitter must identify the memory position of the header fields of the last contained RLC PDU and update them accordingly (e.g. Poll bit, LSF). In addition it must re-generate a new RLC sub-header for the remainder of the RLC PDU that will be sent in the subsequent transport block (which may be in the same TTI) and store that in the memory together with the data. 
Besides seeing several drawbacks with pre-generating RLC headers and pre-assigning RLC sequence numbers to each PDCP PDU, we see no benefit. Due to the removal of the RLC LI fields (see Proposal 1) the remaining RLC header has a fixed size. This fixed size can easily be considered in the LCP procedure. Furthermore, the values of most fields in the RLC header are known already before the LCP and can be prepended (or appended) to the pre-computed PDCP data stream on-the-fly. We therefore suggest to generate the RLC header (RLC SN, Poll bit, …) to the concatenated PDCP PDUs as shown in Figure 1.
[bookmark: _Toc466051453][bookmark: _Toc466051621][bookmark: _Toc466053573][bookmark: _Toc466056243][bookmark: _Toc465979514][bookmark: _Toc465980461][bookmark: _Toc465980501][bookmark: _Toc465982008][bookmark: _Toc466068417]In NR, RLC header has a fixed size (not dependent on the number of concatenated RLC SDUs).
[bookmark: _Toc466051454][bookmark: _Toc466051622][bookmark: _Toc466053574][bookmark: _Toc466056244][bookmark: _Toc466068418]Like in LTE, the RLC header (RLC SN, Polls bit, …) is added to a set of PDCP PDUs or segments.
Adding the MAC header
In LTE also the size of the MAC header is variable, i.e., the number of sub-headers depends on the number of scheduled logical channels and MAC CEs. Fortunately, the number of logical channels served in one transport block is much smaller than the number of PDCP PDUs that may be concatenated into one RLC PDU. Therefore, we consider it feasible to account for the fixed-size MAC sub-headers during the LCP procedure and to generate these sub-headers on-the-fly. To accelerate the decoding of the MAC related information at the receiver, the MAC sub-headers with the MAC length fields should be in a common MAC header (like in LTE).
[bookmark: _Toc465979515][bookmark: _Toc465980462][bookmark: _Toc465980502][bookmark: _Toc465982009][bookmark: _Toc466051455][bookmark: _Toc466051623][bookmark: _Toc466053575][bookmark: _Toc466056245][bookmark: _Toc466068419]Like in LTE, the MAC sub-headers with Length Fields for the corresponding RLC PDUs are added in a MAC header.
In the Figure 1, the headers are in the beginning. This may be optimal for receiver that attempts to start processing MAC CEs upon successful reception of the first code block (and after verifying the code-block CRC). 
If RAN2 decides to further accelerate the transmitter side processing, it may be preferably to place the RLC and MAC headers in the end of the transport block (as suggested in R2-166904, Alternative 8). However, we consider this a separate issue that could be discussed independently. 
Conclusion
In section 2 we proposed a User Plane protocol stack with the following properties:
Proposal 1	The block of LI fields in the RLC header is replaced by a “Length Field” in each PDCP PDU header. The “Length Field” contains the size of the PDCP PDU and thereby points to the first byte of the subsequent PDCP PDU.
Proposal 2	The PDCP transmitter may pre-generate the PDCP PDU including the “Length Field” upon arrival of the IP packet from higher layer.
Proposal 3	In NR, RLC header has a fixed size (not dependent on the number of concatenated RLC SDUs).
Proposal 4	Like in LTE, the RLC header (RLC SN, Polls bit, …) is added to a set of PDCP PDUs or segments.
Proposal 5	Like in LTE, the MAC sub-headers with Length Fields for the corresponding RLC PDUs are added in a MAC header.

Annex – Further details of the proposed protocol stack
As explained above, the main change compared to the LTE protocol stack is that the RLC LI fields are replaced by Length Fields in (or in front of) the PDCP header. Upon reception of the grant/assignment from MAC, the RLC entity determines how many octets to fetch from the PDCP (pre-processing) buffer. This step is significantly simpler and therefore faster than in LTE since it does not take into account the size and number of RLC SDUs. Basically, the RLC entity can directly request up to X-Y=Z octets from the PDCP data stream where X is the maximum number of octets this entity may send, Y is the fixed size RLC header size (e.g. 3). Unlike some other proposed solutions, the pre-processed PDCP data can be delivered entirely unchanged to the L1 encoder. 
The RLC header fields shown in Figure 1 have the same or very similar properties as in LTE RLC (differences are highlighted):
The D/C flag indicates whether this is a control or data PDU (known before grant reception)
In a new data PDU the RLC SN is set to the current value of VT(S)
RF (retransmission flag) indicates to the receiver whether this is a retransmission. In LTE it indicates whether a re-segmentation header (SO+LSF) follows. But to allow pre-determining the size of the RLC header, we suggest adding the SO+LSF field to any RLC retransmission, i.e., even if the entire RLC PDU fits into the MAC PDU. 
FI (framing info) indicates with 1 bit whether the last payload octet corresponds to the last octet of a PDCP PDU. The second bit that indicated in LTE RLC whether the first bit in the RLC payload is also the first octet of a PDCP PDU can be omitted assuming that there is always a pointer (LI) to the first contained PDCP header. While this is less overhead-efficient than in LTE, it ensures a static RLC header size. 
LI is a single field in the RLC header that points to the position of the first PDCP header in the RLC Payload. One could consider omitting this field for RLC AM since the PDCP Length Fields allow extracting the PDCP PDUs. However, it would then not be possible to deliver a PDCP PDU out of sequence to higher layers. Also upon handover, RLC could not deliver out-of-sequence PDCP PDUs to PDCP. And for RLC UM the loss of a single RLC PDU would disrupt the delivery of any subsequent PDCP PDUs to higher layers. 
The MAC sub-headers are constructed exactly as in LTE:
LCID: The Logical Channel ID identifies the logical channel instance of the corresponding MAC SDU
L: The Length field indicates the length of the corresponding MAC SDU or variable-sized MAC control element in bytes.
E: The Extension field is a flag indicating if more fields are present in the MAC header or not

	2/4	
image1.emf
PDCP

L, D/C, SN

PDCP

L, D/C, SN

PDCP

L, D/C, SN

LCH2

LCH1

Pre-Processed

In Memory:

To be created 

on-the-fly

D/C, RLC SN, 

RF=0,P,FI=1,LI=0

PDCP

SDU

PDCP

SDU

PDCP

L, D/C, SN

PDCP

L, D/C, SN

PDCP

SDU

PDCP

SDU

PDCP

L, D/C, SN

PDCP

L, D/C, SN

PDCP

SDU

PDCP

SDU

PDCP

L, D/C, SN

PDCP

L, D/C, SN

PDCP

SDU

PDCP

SDU

PDCP

SDU

D/C, RLC SN, 

RF=0,P,FI=0,LI=x

F

ixed

S

ize

D/C, RLC SN, 

RF=0,P,FI=1,LI=0

PDCP

L, D/C, SN

PDCP

L, D/C, SN

PDCP

SDU

PDCP

SDU

PDCP

L, D/C, SN

PDCP

L, D/C, SN

PDCP

SDU

PDCP

SDU

D/C, RLC SN, 

RF=0,P,FI=0,LI=x

MAC

LCID 0 + L

MAC CE

MAC

LCID 1 + L

MAC

LCID 2 + L


