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1 Background
The support for RLC AM was discussed at the RAN2 NB-IoT adhoc meeting [1] and it was agreed that only RLC AM will be used for NB-IoT:
· We rely on RLC-AM only, for both SRB and DRB.
In this contribution we give our view on how RLC AM can be used for NB-IoT.

2 Discussion
As a baseline we should assume that all RLC AM functionality in legacy LTE is reused in NB-IoT. In section 2.1 we argue why we need to keep the RLC AM basic functionality, and in section 2.2 we propose certain changes we can make to the RLC AM timers and parameters in order to improve its usage for NB-IoT.

2.1 Legacy RLC functionality
Our understanding is that the agreement made at the adhoc ([1]) meeting to support RLC AM means that all functionality in RLC AM is included, unless we decide to remove some of the functionality. The agreement overrides any assumptions made earlier on the functionality of the RLC. We understand for instance that without in-sequence delivery or duplicate detection the purpose of RLC AM is lost, since the protocol basis is built upon achieving this functionality. HARQ by itself can provide reliable acknowledgements without the need for RLC status PDUs.
To avoid confusion and to ensure that all companies have the same understanding we propose the following:
Proposal 1: Confirm that RLC AM functionality, including in-sequence delivery and duplicate detection, as specified in 36.322, is applicable to NB-IoT.
To understand why the basic functionality is needed we give an example. If for instance the sender has two or more RLC PDUs to transmit and the first RLC PDU is lost in the HARQ process but the next is successfully delivered, then the RLC status PDU is triggered when the receiver receives the last RLC PDU, see Figure 1. This example shows a case when the in-sequence delivery function is needed in RLC AM even though we only have one HARQ process. Duplicates can likewise happen in HARQ if for instance the NDI flag is toggled twice without the receiver noticing it due to sudden shadow fading, and then RLC can resolve the situation.
Observation 1: Out-of-order delivery and duplicates of RLC PDUs can happen in the MAC layer even if just one HARQ process is used.
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Figure 1 Example of RLC behavior to show need for basic RLC AM functionality
Another legacy RLC function we assume is needed for NB-IoT is RLC re-segmentation. RLC re-segmentation is needed for the following reason:
· At RLC retransmission when there is a need to transmit a smaller TB than the original one in order to adapt for varying radio conditions.
Proposal 2: Confirm that RLC re-segmentation is supported in NB-IoT.

Furthermore we assume that the LTE legacy function for RLC re-establishment is needed in NB-IoT for the following reasons:

· In case RLF is triggered by the UE because the UE has to move to another cell due to mobility, it is useful to be able to forward to higher layers any already successfully received RLC SDUs rather than discarding them.
· There is very little extra cost to support this functionality in the UE, and at the same time there will be less number of unnecessary retransmissions of already received RLC SDUs.
Proposal 3: Confirm that RLC re-establishment is supported in NB-IoT.
Just as in legacy LTE we assume that PDCP re-establishment will be done at RRC connection re-establishment also for NB-IoT for the same reasons as state above for RLC re-establishment.

Proposal 4: Confirm that PDCP re-establishment is supported in NB-IoT.

2.2 RLC functionality updated for NB-IoT

The following agreements were made at the adhoc ([1]) meeting:

· 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.
To improve the RLC protocol for NB-IoT we believe that the RLC protocol specification can be used with only minor changes to the usage in legacy LTE, but there is a need to update the value ranges of certain parameters to ensure that the RLC AM protocol is efficiently used within a small bandwidth.

One improvement we believe is needed is to limit the t-StatusProhibit timer to always be set to 0. This timer is used to avoid sending too many RLC status PDUs, but since triggering of RLC status reports is limited to very few cases (polled or detection of missed PDU) that will not happen close in time, it is unlikely that an unnecessary RLC status PDU will be triggered. If the timer is used, it will be difficult to set an optimal value for the timer, and there is a risk that in some cases it will cause an unnecessary delay of the RLC status PDU.
Proposal 5: The value of the t-StatusProhibit timer can be limited to 0 for NB-IoT.

The t-PollRetransmit timer is needed in case the poll transmitted by the UE is lost, and when it expires it triggers the UE to retransmit the poll. Due to the possible rather long variations in the RLC round-trip-time (RTT) caused by different coverage levels, it is very difficult to set a default value of this timer that is suitable for all cases. Therefore we propose that different default values will be used for the t-PollRetransmit timer depending on the coverage level of the UE.
Proposal 6: Use different default values based on coverage level for the t-PollRetransmit timer for NB-IoT.

The maxRetxThreshold parameter indicates the number of RLC retransmissions performed until triggering RLF. In legacy LTE the minimum value of this parameter is 1, which means that one RLC retransmission can be done, and if a second RLC retransmission is attempted RLF will be triggered. But in NB-IoT it is useful in some cases to only rely on HARQ for reliable communication since the HARQ process can be made very robust by simply increasing the number of attempts. Then if the HARQ process anyhow fails it is useful to trigger an RLF and not perform an RLC retransmission as it is much better if the UE triggers an RLF and possibly selects another better cell. Because of this use case we believe that it should be possible to trigger RLF also at the first RLC retransmission attempt, and this is done by setting the maxRetxThreshold parameter to 0.
Proposal 7: Extend the maxRetxThreshold parameter with the 0 value for NB-IoT.

When an RLC status PDU is triggered this will in legacy LTE be included in the “data available for transmission” as set in the RLC protocol and this may trigger an SR on the MAC layer. However, for NB-IoT the eNB has good knowledge of when an RLC status PDU is expected from the UE and can thus schedule the UE at these times. If for any reason the UE has detected a missing RLC PDU, the UE will trigger an RLC status report, but there is no need for the UE to send an SR in this case because the eNB will continue to schedule the UE until it has scheduled the last RLC PDU containing a poll bit. If this last RLC PDU is lost, the UE will not notice this anyway. If the UE would trigger an SR in case of an RLC status PDU this would be very costly since it requires a random access procedure. Hence, we propose that the UE shall not trigger an SR if the “data available for transmission” only consists of data for the RLC status PDU.
Proposal 8: The UE shall not trigger an SR if the “data available for transmission” only consists of an RLC status PDU.

3 Summary
Proposal 1: Confirm that RLC AM functionality, including in-sequence delivery and duplicate detection, as specified in 36.322, is applicable to NB-IoT.
Observation 1: Out-of-order delivery and duplicates of RLC PDUs can happen in the MAC layer even if just one HARQ process is used.

Proposal 2: Confirm that RLC re-segmentation is supported in NB-IoT.

Proposal 3: Confirm that RLC re-establishment is supported in NB-IoT.

Proposal 4: Confirm that PDCP re-establishment is supported in NB-IoT.

Proposal 5: The value of the t-StatusProhibit timer can be limited to 0 for NB-IoT.

Proposal 6: Use different default values based on coverage level for the t-PollRetransmit timer for NB-IoT.

Proposal 7: Extend the maxRetxThreshold parameter with the 0 value for NB-IoT.

Proposal 8: The UE shall not trigger an SR if the “data available for transmission” only consists of an RLC status PDU.
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