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RAN2#91bis:

-NB-IoT MAC, RLC, PDCP and RRC is based on LTE Rel-13. RAN2 aims to reuse as much as reasonable w.r.t. eMTC and eDRX enhancements. Details to be discussed case by case.
- 
Whether RLC AM is required for DRBs is FFS.
- Assume that we need to support



- Transfer of upper layer PDUs

-Concatenation, segmentation and reassembly of RLC SDUs

- Assume that we do not need to support


- Reordering of RLC data PDUs (Dep on HARQ)

- Duplicate detection (Dep on HARQ)

- RLC re-establishment (FFS)
RAN2#92:

We assume that we keep RLC-AM, but we attempt to address the concerns of power consumption, number of transmissions and complexity.
NB-IoT AH:

- We confirm that “not supported” means that a NBIOT UE does not need to implement this at all 

- STATUS PDU is triggered in response to a poll bit, and poll bit is set only in case of the last PDU in the transmission buffer (FFS if we consider also PDCP enhancements to ensure that this PDU really is the last PDU in the UE buffer).

- STATUS PDU is triggered in response to missing PDU detection. 

- LTE SR triggers pollPDU, pollBYTE are not supported, t-StatusProhibit FFS. 

- t-PollRetransmit is supported, 

- Required buffer size need to be determined, value FFS. At next meeting we attempt to agree to a number. 

- maxRetxThreshold is supported.
- We rely on RLC-AM only, for both SRB and DRB.
RAN2#93:

- Not to specify the restriction in spec unless RLC specific restriction (which is RRC uncontrollable) is foreseen.

- There should be some general statement that can guide an implementor to understand the applicability to NB-IOT.
- We list the agreements relevant to RLC in the cover page.
- Confirm that RLC AM functionality, including in-sequence delivery and duplicate detection, as specified in 36.322, is applicable to NB-IoT.

- Confirm that RLC re-segmentation is supported in NB-IoT.

- Confirm that RLC re-establishment is supported for the UP solution but is not required for the CP solution in NB-IoT (to be clear by RRC). 

- Confirm that PDCP re-establishment is supported in NB-IoT for the UP solution but is not required for the CP solution in NB-IoT.

- Use different default values based on coverage level for the t-PollRetransmit timer for NB-IoT. 
- We expect that the following is possible: if there is a poll, this poll will also be “accompanied by” an UL grant and the UE can use this UL grant to transmit a Status Report, and thus the UE does not need to generate a Schedulng request for such status report transmission.
- We assume that the Logical Channel SR prohibit timer can be used to enable this, so that the UL grant is not delivered after the UE has started executing scheduling request, and this timer is supported for NB-IOT
- This timer is a mandatory capability for NB-IOT UEs.
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3.1
Definitions

For the purposes of the present document, the terms and definitions given in TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in TR 21.905 [1].

byte segment: A byte of the Data field of an AMD PDU. Specifically, byte segment number 0 corresponds to the first byte of the Data field of an AMD PDU.
Data field element: An RLC SDU or an RLC SDU segment that is mapped to the Data field.
NB-IoT: NB-IoT allows access to network services via E-UTRA with a channel bandwidth limited to 180 kHz.
RLC SDU segment: A segment of an RLC SDU.
3.2
Abbreviations

For the purposes of the present document, the following abbreviations apply:

AM
Acknowledged Mode

AMD
AM Data

ARQ
Automatic Repeat reQuest

BCCH
Broadcast Control CHannel

BCH
Broadcast CHannel

CCCH
Common Control CHannel

DCCH
Dedicated Control CHannel

DL
DownLink

DL-SCH
DL-Shared CHannel

DTCH
Dedicated Traffic CHannel

E
Extension bit

eNB
E-UTRAN Node B

E-UTRA
Evolved UMTS Terrestrial Radio Access

E-UTRAN
Evolved UMTS Terrestrial Radio Access Network

FI
Framing Info

HARQ
Hybrid ARQ

LI
Length Indicator

LSF
Last Segment Flag

MAC
Medium Access Control

MCCH
Multicast Control Channel

MTCH
Multicast Traffic Channel

NB-IoT
NarrowBand Internet of Things
PCCH
Paging Control CHannel

PDU
Protocol Data Unit

RLC
Radio Link Control

RRC
Radio Resource Control

SAP
Service Access Point 
SBCCH
Sidelink Broadcast Control Channel
SC-MCCH
Single Cell Multicast Control Channel

SC-MTCH
Single Cell Multicast Transport Channel

SDU
Service Data Unit

SN
Sequence Number

SO
Segment Offset
STCH
Sidelink Traffic Channel
TB
Transport Block

TM
Transparent Mode

TMD
TM Data

UE
User Equipment

UL
UpLink

UM
Unacknowledged Mode

UMD
UM Data
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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.

Functions of the RLC sub layer are performed by RLC entities. For a RLC entity configured at the eNB, there is a peer RLC entity configured at the UE and vice versa. For an RLC entity configured at the transmitting UE for STCH or SBCCH there is a peer RLC entity configured at each receiving UE for STCH or SBCCH.
An RLC entity receives/delivers RLC SDUs from/to upper layer and sends/receives RLC PDUs to/from its peer RLC entity via lower layers. An RLC PDU can either be a RLC data PDU (see sub clause 6.1.1) or a RLC control PDU (see sub clause 6.1.2). If an RLC entity receives RLC SDUs from upper layer, it receives them through a single SAP between RLC and upper layer, and after forming RLC data PDUs from the received RLC SDUs, the RLC entity delivers the RLC data PDUs to lower layer through a single logical channel. If an RLC entity receives RLC data PDUs from lower layer, it receives them through a single logical channel, and after forming RLC SDUs from the received RLC data PDUs, the RLC entity delivers the RLC SDUs to upper layer through a single SAP between RLC and upper layer. If an RLC entity delivers/receives RLC control PDUs to/from lower layer, it delivers/receives them through the same logical channel it delivers/receives the RLC data PDUs through.

An RLC entity can be configured to perform data transfer in one of the following three modes: Transparent Mode (TM), Unacknowledged Mode (UM) or Acknowledged Mode (AM). Consequently, an RLC entity is categorized as a TM RLC entity, an UM RLC entity or an AM RLC entity depending on the mode of data transfer that the RLC entity is configured to provide. For NB-IoT, RLC UM is not supported. 
A TM RLC entity is configured either as a transmitting TM RLC entity or a receiving TM RLC entity. The transmitting TM RLC entity receives RLC SDUs from upper layer and sends RLC PDUs to its peer receiving TM RLC entity via lower layers. The receiving TM RLC entity delivers RLC SDUs to upper layer and receives RLC PDUs from its peer transmitting TM RLC entity via lower layers.

An UM RLC entity is configured either as a transmitting UM RLC entity or a receiving UM RLC entity. The transmitting UM RLC entity receives RLC SDUs from upper layer and sends RLC PDUs to its peer receiving UM RLC entity via lower layers. The receiving UM RLC entity delivers RLC SDUs to upper layer and receives RLC PDUs from its peer transmitting UM RLC entity via lower layers.

An AM RLC entity consists of a transmitting side and a receiving side. The transmitting side of an AM RLC entity receives RLC SDUs from upper layer and sends RLC PDUs to its peer AM RLC entity via lower layers. The receiving side of an AM RLC entity delivers RLC SDUs to upper layer and receives RLC PDUs from its peer AM RLC entity via lower layers.

Figure 1 illustrates the overview model of the RLC sub layer.
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Figure 4.2.1-1: Overview model of the RLC sub layer

The following applies to all RLC entity types (i.e. TM, UM and AM RLC entity):

-
RLC SDUs of variable sizes which are byte aligned (i.e. multiple of 8 bits) are supported;

-
RLC PDUs are formed only when a transmission opportunity has been notified by lower layer (i.e. by MAC) and are then delivered to lower layer.

Description of different RLC entity types are provided below.
	Next change


4.4
Functions

The following functions are supported by the RLC sub layer:

-
transfer of upper layer PDUs;

-
error correction through ARQ (only for AM data transfer);

-
concatenation, segmentation and reassembly of RLC SDUs (only for UM and AM data transfer);

-
re-segmentation of RLC data PDUs (only for AM data transfer);

-
reordering of RLC data PDUs (only for UM and AM data transfer);

-
duplicate detection (only for UM and AM data transfer);

-
RLC SDU discard (only for UM and AM data transfer);

-
RLC re-establishment (except for NB-IoT with data over NAS);

-
Protocol error detection (only for AM data transfer).
Editor’s note:
Support of RLC SDU discard and Protocol error detection may be visited.
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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 PDUs (or portions of them).

RRC configures whether or not the status prohibit function is to be used for an AM RLC entity.

Triggers to initiate STATUS reporting include:

-
Polling from its peer AM RLC entity:

-
When a RLC data 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 < VR(MS) or x >= VR(MR):

-
trigger a STATUS report;

-
else:

-
delay triggering the STATUS report until x < VR(MS) or x >= VR(MR).

NOTE 1:
This ensures that the RLC Status report is transmitted after HARQ reordering.

-
Detection of reception failure of an RLC data 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 VR(MS) to be updated and a STATUS report to be triggered, but the STATUS report shall be triggered after VR(MS) 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 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.

Editor’s note:
FFS how to capture that Status PDU is triggered in response to missing PDU detection while t-Reordering is not supported.
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7
Variables, constants and timers

7.1
State variables

This sub clause describes the state variables used in AM and UM entities in order to specify the RLC protocol. The state variables defined in this subclause are normative.
All state variables and all counters are non-negative integers.

All state variables related to AM data transfer can take values from 0 to 1023 for 10 bit SN or from 0 to 65535 for 16 bit SN. All arithmetic operations contained in the present document on state variables related to AM data transfer are affected by the AM modulus (i.e. final value = [value from arithmetic operation] modulo 1024 for 10 bit SN and 65536 for 16 bit SN).

All state variables related to UM data transfer can take values from 0 to [2[sn-FieldLength] – 1]. All arithmetic operations contained in the present document on state variables related to UM data transfer are affected by the UM modulus (i.e. final value = [value from arithmetic operation] modulo 2[sn-FieldLength]).
AMD PDUs and UMD PDUs are numbered integer sequence numbers (SN) cycling through the field: 0 to 1023 for 10 bit SN and 0 to 65535 for 16 bit SN for AMD PDU and 0 to [2[sn-FieldLength] – 1] for UMD PDU.
When performing arithmetic comparisons of state variables or SN values, a modulus base shall be used.

VT(A) and VR(R) shall be assumed as the modulus base at the transmitting side and receiving side of an AM RLC entity, respectively. This modulus base is subtracted from all the values involved, and then an absolute comparison is performed (e.g. VR(R) <= SN < VR(MR) is evaluated as [VR(R) – VR(R)] modulo 1024 <= [SN – VR(R)] modulo 1024 < [VR(MR) – VR(R)] modulo 1024).

VR(UH) – UM_Window_Size shall be assumed as the modulus base at the receiving side of an UM RLC entity. This modulus base is subtracted from all the values involved, and then an absolute comparison is performed (e.g. (VR(UH) – UM_Window_Size) <= SN < VR(UH) is evaluated as [(VR(UH) – UM_Window_Size) – (VR(UH) – UM_Window_Size)] modulo 2[sn-FieldLength] <= [SN – (VR(UH) – UM_Window_Size)] modulo 2[sn-FieldLength] < [VR(UH) – (VR(UH) – UM_Window_Size)] modulo 2[sn-FieldLength]).

The transmitting side of each AM RLC entity shall maintain the following state variables:

a) VT(A) – Acknowledgement state variable

This state variable holds the value of the SN of the next AMD PDU for which a positive acknowledgment is to be received in-sequence, and it serves as the lower edge of the transmitting window. It is initially set to 0, and is updated whenever the AM RLC entity receives a positive acknowledgment for an AMD PDU with SN = VT(A).

b) VT(MS) – Maximum send state variable

This state variable equals VT(A) + AM_Window_Size, and it serves as the higher edge of the transmitting window.

c) VT(S) – Send state variable

This state variable holds the value of the SN to be assigned for the next newly generated AMD PDU. It is initially set to 0, and is updated whenever the AM RLC entity delivers an AMD PDU with SN = VT(S).

d) POLL_SN – Poll send state variable

This state variable holds the value of VT(S)-1 upon the most recent transmission of a RLC data PDU with the poll bit set to “1”. It is initially set to 0. This is not applicable for NB-IoT.
The transmitting side of each AM RLC entity shall maintain the following counters:

a) PDU_WITHOUT_POLL – Counter

This counter is initially set to 0. It counts the number of AMD PDUs sent since the most recent poll bit was transmitted. This is not applicable for NB-IoT.
b) BYTE_WITHOUT_POLL – Counter

This counter is initially set to 0. It counts the number of data bytes sent since the most recent poll bit was transmitted. This is not applicable for NB-IoT.
c) RETX_COUNT – Counter

This counter counts the number of retransmissions of an AMD PDU (see subclause 5.2.1). There is one RETX_COUNT counter per PDU that needs to be retransmitted.

The receiving side of each AM RLC entity shall maintain the following state variables:

a) VR(R) – Receive state variable

This state variable holds the value of the SN following the last in-sequence completely received AMD PDU, and it serves as the lower edge of the receiving window. It is initially set to 0, and is updated whenever the AM RLC entity receives an AMD PDU with SN = VR(R).

b) VR(MR) – Maximum acceptable receive state variable

This state variable equals VR(R) + AM_Window_Size, and it holds the value of the SN of the first AMD PDU that is beyond the receiving window and serves as the higher edge of the receiving window.

c) VR(X) – t-Reordering state variable

This state variable holds the value of the SN following the SN of the RLC data PDU which triggered t-Reordering. This is not applicable for NB-IoT.
d) VR(MS) – Maximum STATUS transmit state variable

This state variable holds the highest possible value of the SN which can be indicated by “ACK_SN” when a STATUS PDU needs to be constructed. It is initially set to 0.

e) VR(H) – Highest received state variable

This state variable holds the value of the SN following the SN of the RLC data PDU with the highest SN among received RLC data PDUs. It is initially set to 0.

Each transmitting UM RLC entity shall maintain the following state variables:

a) VT(US)

This state variable holds the value of the SN to be assigned for the next newly generated UMD PDU. It is initially set to 0, and is updated whenever the UM RLC entity delivers an UMD PDU with SN = VT(US).

Each receiving UM RLC entity shall maintain the following state variables:

a) VR(UR) – UM receive state variable

This state variable holds the value of the SN of the earliest UMD PDU that is still considered for reordering. It is initially set to 0. For RLC entity configured for STCH, it is initially set to the SN of the first received UMD PDU.
b) VR(UX) – UM t-Reordering state variable

This state variable holds the value of the SN following the SN of the UMD PDU which triggered t-Reordering.

c) VR(UH) – UM highest received state variable

This state variable holds the value of the SN following the SN of the UMD PDU with the highest SN among received UMD PDUs, and it serves as the higher edge of the reordering window. It is initially set to 0. For RLC entity configured for STCH, it is initially set to the SN of the first received UMD PDU.
	End of change
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