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1 Introduction
In previous RAN2 meetings, there has been a lot of discussion about RLC-AM and its associated optimisations for NB-IoT.  The draft running CR for NB-IoT RLC[2] contains the list of working assumptions and agreements.
While many aspects are agreed there are some parts of RLC which are still to be discussed or (re)confirmation that the existing mechanism in RLC are reused and some editor notes.  This document attempts to address many of those issues.
2 Discussion
2.1 RLC SDU Size

The RLC SDUs that are transmitted are provided by higher layers (ie PDCP) to RLC.  It is useful to consider the maximum size of RLC SDU that will be sent by RLC AM, as this can have an impact on RLC buffering, transmissions of STATUS PDUs and the general operation of the system.

The expected traffic flow for NB-IoT is 1, or a small number of RLC SDUs, to be transferred during RRC Connected.  It is likely there is a “ping pong” traffic flow, ie a RLC SDU is send in response to previous RLC SDU. Other traffic flows include a limited number of “back to back” RLC SDUs. It is not expected that a large amount of data will be transferred and it is not expected that every RLC SDU will be the maximum possible size.

It is expected that the largest RLC SDU will be a single IP packet of [1500] octets, including PDCP headers. There may be more than 1 IP packet transferred, but each IP packet will be encapsulated in their own RLC SDU.

Observation 1: The maximum RLC SDU size is [1500] octets.

2.2 Window Stalling

RLC contains a mechanism to prevent “window stalling” in the case a SN falls outside the following window: VT(A) <= SN < VT(MS). To prevent the stall the transmitting entity sets the poll bit if no new data can be transmitted because of window stalling.

Proposal 1: The existing RLC-AM procedure to prevent “window stalling” is maintained.
2.3 RLC Buffer Size

In NB-IoT the amount of RLC STATUS PDUs transmitted should be reduced as much as possible, however this needs to be balanced against the buffering requirements. As previously mentioned the typical traffic flow is expected to be a limited number of RLC PDUs.

Currently RLC AM includes rules to poll in the case when there is no more data available to transmit.  In a single RLC SDU scenario this will result in a poll, and therefore a STATUS PDU for each RLC SDU. 

The RLC buffer size needs to be balanced against the requirement to poll too often, compared with it being desirable to transfer at least 1 RLC SDU without a poll and the maximum size of the RLC SDU.  Therefore a reasonable balance seems to be a single maximum RLC SDU of [1500] octets.

Proposal 2: The RLC Buffer Size for a single direction is the maximum expected RLC SDU size (ie [1500] octets).
2.4 RLC-AM Window Size

Currently in 36.322[1] the AM_Window_Size is set to 512 and the SN used within AMD PDU and AMD PDU Segment is 10 bits.  A SN of 10 bits gives a maximum range of 1024, or twice AM_Window_Size.

In order to prevent too much data being transferred without an RLC AM poll the AM_Window_Size should be limited.

The current maximum TBS size and maximum RLC SDU are not fully known which makes it impossible to calculate the exact number, however we can provide a simple baseline for how to define the final AM_Window_Size once everything is known.

The AM_Window_Size should be the maximum RLC SDU size divided by the maximum TBS size, taking into account the MAC / RLC headers for each AMD PDU.

If we use the example of a 640 bits (80 octets) TBS, and 1500 octets, the AM_Window_Size would be 19, which could be rounded up to the next power of 2 making it 32, if required.

Proposal 3: The AM_Window_Size is set to maximum RLC SDU size divided by the maximum TBS size, taking into account the RLC/MAC headers on each AMD PDU rounded up to the next power of 2 (ie 19/32 for a 640 bit maximum TBS and 1500 octet RLC SDU).
2.5 RLC AM SN Size

Currently the range of RLC AM SN is twice the AM_Window_Size. At least the relationship between the size of SN and AM_Window_Size should be maintained, ie AM_Window_Size should be at most ½ of the RLC AM SN range.

All the AMD PDU and AMD PDU Segment format have a fixed part 2 octet header optionally followed by an extension part header.
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Figure 1 AMD PDU (length of LI field is 11 bits) (No LI)
Figure 1 shows the existing AMD PDU when there is no LI field. It can be seen that an SN of 10 bits allows the Data field to be octet aligned starting at octet 3.

There are variants of the AMD PDU which can contain multiple data elements.  In these cases the E field and LI fields are a total of 12 bits, and combined with some padding in the odd number of Data elements cases, also ensure that the Data field is octet aligned.

There appears to be no benefit in changing the size of the “fixed part” AMD PDU headers as it will not lead to any changes to the overall size of the AMD PDU or AMD PDU Segment formats and we should maintain the 8 bit alignment.
Proposal 4: The existing principle that the “fixed part” of AMD PDU and AMD PDU Segment header should a multiple of 8 bits to maintain octet alignment for fields follow it is maintained.

If the AM_Window_Size is changed to 24/32 then the SN needs to be handle at least the range 0..47/63, which means that the SN must be at least 6 bits.

It may be possible to reduce the size of the SN from 10 bits to 6 bits and convert the unused bits to “reserved for future use”, allowing extensions which may have benefit in the future.

Proposal 5: RAN2 to discuss and confirm that AMD PDU and AMD PDU Segment format SN size is within the range 6 to 10 bits, and select SN size from that range.
2.6 STATUS PDU reporting of missing RLC PDUs

RLC running CR[2] contains the following editor’s note:

Editor’s note:
FFS how to capture that Status PDU is triggered in response to missing PDU detection while t-Reordering is not supported.
In order to detect missing RLC PDUs when t-Reordering the receiver should be able to detect a gap in the receive SN.
The processing described sub-clause 5.1.3.2.3 of RLC can be updated to detect this condition, as described below.
The missing RLC PDU can be detected when an RLC PDU is received whose SN is greater than VR(R), and the same actions as when t-Reordering is not running and when t-Reordering expires can be triggered.  This means that the actions associated with t-Reordering are required, but they are not trigged by the timer as the timer is not supported.
Figure 2 shows an example of the updates to V(R), V(H) and V(X) when 2 separate RLC PDUs with SN=0 and then SN=3:

· Initially the VR(R) and VR(H) are set to 0.  

· An RLC PDU with SN = x = 0 is received successfully. 

· VR(H) is updated to 1, and 

· as x = VR(R) = 0 and it contained all the byte segments for SN=0 VR(H) is updated to 1 as well and the PDU is delivered. 

· These transitions are shown by arrows marked with ‘a’.

· A subsequent RLC PDU with SN = x = 3 is received.  Note that RLC PDUs with SN = 1 and SN = 2 have been skipped.
· VR(H) is updated to 3,

· As x is not equal to VR(R), VR(R) is not updated and nothing is delivered to the higher layers.

· As x is greater than VR(R) then the receiver knows there are some missing RLC PDUs, therefore can follow the actions when t-Reordering is not running and trigger actions defined in sub-clause 5.1.3.2.4 when t-Reordering expires.
· Update VR(X) to VR(H) as VR(H) is greater than VR(R).

· Update VR(MS) and update VR(X) if required and trigger a STATUS PDU.
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Figure 2 Updates to RLC AM Receive Status Variables
Proposal 6: When RLC AM detects a missing RLC PDU when an RLC data PDU is placed in the reception buffer perform the actions associated with when t-Reordering is not running and expires immediately.
An example the update required for RLC processing in sub-clause 5.1.3.2.3 of RLC protocol specification is shown in the appendix.
Following the editor’s note and due to t-Reordering not being required, it does not need to be configured by RRC in the ASN.1 DL-AM-RLC structure or the default configuration for SRB1 for NB-IoT. 

Proposal 7: t-Reordering is not included in the ASN.1 for NB-IoT.
2.7 Timers

2.7.1 t-StatusProhibit
There are several working assumptions/agreements/FFS relating to t-StatusProhibit:

	- LTE SR (Status Report) triggers pollPDU, pollBYTE are not supported, t-StatusProhibit FFS. 
- 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.


Logical Channel SR refers to Logical Channel Scheduling Request MAC timer in the above agreements.

It is the sourcing companies understand that the combination of the last 3 agreements above means that t-StatusProhibit is not required and therefore the FFS in the first agreement can be resolved to t-StatusProhibit is not supported.

With the single process HARQ in NB-IoT the reporting does not need to wait for multiple HARQ processes before assembling the STATUS PDU and therefore it can be constructed and passed to the lower layers for transmission as soon as requested by the peer.  As the eNB will schedule an UL grant for the STATUS PDU it is highly desirable to avoid a scheduling request being sent before the eNB has provided the grant.  The prohibit timer in the MAC will prevent the UE from sending a scheduling request for the STATUS PDU, giving the eNB a chance to provide an UL grant. In the case the eNB does not provide an UL grant recovery is possible when the timer expires.
As t-StatusProhibit is not supported, then it does not need to be included in the RRC ASN.1 or the default configuration for SRB1 for NB-IoT.
Proposal 8: t-StatusProhibit is not supported. The parameter is removed from the RRC ASN.1 for NB-IoT.
The DL-AM-RLC ASN.1 sequence that is used to signal t-StatusProhibit and t-Reordering does not contain any other parameters, therefore the complete sequence can be removed.
Proposal 9: If t-StatusProhibit and t-Reordering are removed from the ASN.1 then the complete DL-AM-RLC ASN.1 sequence is empty and can be removed.
2.7.2 t-PollRetransmit
When t-PollRetransmit expires RLC may consider previously transmitted RLC PDUs for retransmission. t-PollRetransmit is started or restarted when an RLC data PDU including a poll is submitted to lower layers for transmission, so time for t-PollRetransmit needs to take into account the transmission time the RLC data PDU with poll, HARQ retransmissions, scheduling delay for the STATUS PDU and the transmission time for the STATUS PDU. 

Considering for retransmitting an RLC data PDU when the timer value is too short for the initial transmission of the poll, scheduling delays and transmission of the STATUS PDU is clearly not desirable, therefore the t-PollRetansmit value range should be evaluated.

The current value range for t-PollRetansmit from the latest draft of 36.331 RRC[3] is, which includes updates for eMTC:

T-PollRetransmit ::=
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ms170, ms175, ms180, ms185, ms190, ms195,











ms200, ms205, ms210, ms215, ms220, ms225,
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ms1000-v13xy, ms2000-v13xy, ms4000-v13xy,










 spare5, spare4, spare3, spare2, spare1}

And the default value is for SRB1 and SRB2 is ms45 in RRC 36.331.
For NB-IoT there are several aspects which are currently not defined, which makes the exact calculation of a suitable time for t-PollRetansmit very hard or impossible. We try to take some estimates of transmission times, along with some estimates for scheduling, taking times from previous evaluations and number of repetitions into account, to try and find a suitable range for t-PollRetansmit.
A UE in the worst coverage conditions (highest number of repetitions) may need something in the order of 2048 repetitions of NPDCCH which may take ~2.5 seconds, taking into account sub-frame availability. 
Using the transmission times from [4], the longest realistic (taking into account a maximum TBS) uplink transmission time is ~2.4 seconds. This RLC segment could have the RLC poll bit set for it. 
A DL STATUS PDU may also take ~2.5 seconds to transmit with the highest number of repetitions. 
The Default MAC main configuration has maxHARQ-tx set to “n5”, however this only applies to synchronous HARQ which is not being used for NB-IoT, but does provide a guideline for the number of transmissions.

Therefore each UL transmission of the RLC PDU will take ~5 seconds, including NPDCCH, therefore for 5 transmissions the total time will be ~25 seconds.

The time to schedule and transmit the STATUS PDU, to cancel t-PollRetansmit timer, needs to be taken into account, making the total time ~30 seconds.
Scheduling delays for 6 uplink and downlink transmissions should also be taken into account, so some allowance should be made for them.  For this we could then round the total time to ~40 seconds for a small uplink RLC PDU with a poll. 

If the number of HARQ attempts used is the current maximum of “n28”, then the total time could be as long as ~3 minutes.

It is also clear from the above calculations that many of the small values for t-PollRetansmit are not appropriate and a new smallest value should be defined.
Based on the estimates above we make the following proposal to set the expected value range of t-PollRetansmit, taking into account a number of HARQ retransmissions and estimates for transmission times.

Proposal 10: The value range for t-PollRetransmit needs to be updated for a NB-IoT UE. The range should be in the order 1 second to 180 seconds to account for transmission times, HARQ attempts and scheduling delays.
To define the number possible values for t-PollRetansmit, the number of steps and the size of each step needs to be defined. The lower values for t-PollRetansmit in LTE/eMTC all have step sizes of 5ms, with the step size increasing between the larger values.

Using that principle we propose to have the following values for t-PollRetransmit:
Proposal 11: The possible values of t-PollRetransmit are enumerated as {ms1000, ms2000, ms3000, ms4000, ms6000, ms10000, ms15000, ms25000, ms40000, ms60000, ms90000, ms120000, ms180000}.
3 Conclusion

In this contribution we look at various aspects to optimised RLC for NB-IoT and made the following observations:

Observation 1: The maximum RLC SDU size is [1500] octets.

And the following proposals:
Proposal 1: The existing RLC-AM procedure to prevent “window stalling” is maintained.
Proposal 2: The RLC Buffer Size for a single direction is the maximum expected RLC SDU size (ie [1500] octets).
Proposal 3: The AM_Window_Size is set to maximum RLC SDU size divided by the maximum TBS size, taking into account the RLC/MAC headers on each AMD PDU rounded up to the next power of 2 (ie 19/32 for a 640 bit maximum TBS and 1500 octet RLC SDU).
Proposal 4: The existing principle that the “fixed part” of AMD PDU and AMD PDU Segment header should a multiple of 8 bits to maintain octet alignment for fields follow it is maintained.

Proposal 5: RAN2 to discuss and confirm that AMD PDU and AMD PDU Segment format SN size is within the range 6 to 10 bits, and select SN size from that range.

Proposal 6: When RLC AM detects a missing RLC PDU when an RLC data PDU is placed in the reception buffer perform the actions associated with when t-Reordering is not running and expires immediately.
Proposal 7: t-Reordering is not included in the ASN.1 for NB-IoT.

Proposal 8: t-StatusProhibit is not supported. The parameter is removed from the RRC ASN.1 for NB-IoT.

Proposal 9: If t-StatusProhibit and t-Reordering are removed from the ASN.1 then the complete DL-AM-RLC ASN.1 sequence is empty and can be removed.
Proposal 10: The value range for t-PollRetransmit needs to be updated for a NB-IoT UE. The range should be in the order 1 second to 180 seconds to account for transmission times, HARQ attempts and scheduling delays.
Proposal 11: The possible values of t-PollRetransmit are enumerated as {ms1000, ms2000, ms3000, ms4000, ms6000, ms10000, ms15000, ms25000, ms40000, ms60000, ms90000, ms120000, ms180000}.
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5 Appendix: Example RLC receive processing update

5.1.3.2.3
Actions when a RLC data PDU is placed in the reception buffer

When a RLC data PDU with SN = x is placed in the reception buffer, the receiving side of an AM RLC entity shall:

-
if x >= VR(H)

-
update VR(H) to x+ 1;

-
if all byte segments of the AMD PDU with SN = VR(MS) are received:

-
update VR(MS) to the SN of the first AMD PDU with SN > current VR(MS) for which not all byte segments have been received;

-
if x = VR(R):

-
if all byte segments of the AMD PDU with SN = VR(R) are received:
-
update VR(R) to the SN of the first AMD PDU with SN > current VR(R) for which not all byte segments have been received;

-
update VR(MR) to the updated VR(R) + AM_Window_Size;

-
reassemble RLC SDUs from any byte segments of AMD PDUs with SN that falls outside of the receiving window and in-sequence byte segments of the AMD PDU with SN = VR(R), remove RLC headers when doing so and deliver the reassembled RLC SDUs to upper layer in sequence if not delivered before;
-
if t-Reordering is running:

-
if VR(X) = VR(R); or

-
if VR(X) falls outside of the receiving window and VR(X) is not equal to VR(MR):

-
stop and reset t-Reordering;

-
if t-Reordering is not running (includes the case t-Reordering is stopped due to actions above); or
-  for NB-IoT if x > VR(R) 
-
if VR (H) > VR(R):

-
start t-Reordering except for NB-IoT;

-
set VR(X) to VR(H).
-  for NB-IoT trigger the all the actions associated with t-Reordering expiring.
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