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Introduction
The need for RLC AM for SRBs and DRBs in NB-IoT was discussed in RAN2#91bis but no conclusions were made [1]. 
Whether RLC AM is required for DRBs is FFS.

In this contribution the need for RLC AM is discussed further.

[bookmark: _Ref178064866]Discussion
RLC AM offers nearly error-free transmission but also implies a larger control signaling overhead. In LTE, RLC AM is used for both SRBs (i.e. RRC/NAS) and DRBs. Since transmission errors are corrected by retransmissions, RLC AM is mainly utilized by error-sensitive and delay-tolerant non-realtime applications.
Overhead caused by RLC-AM
RLC retransmissions are triggered on either a received Status Report from the peer entity (including feedback of its received PDUs) or at timeout (due to the lack of reception of a Status Report when the peer entity was polled). Each Status Report causes signaling overhead in the form of:

· UL grant/DL assignment (if the Status Report is not piggybacked together with a Data PDU in the reverse direction)
· Status Report transmission on DL/UL (typically around 2 bytes)

In addition, for an uplink Status Report the UE may be required to perform a scheduling request or RACH attempt to request uplink resources for the transmission. 

The extra signaling of Status Reports in RLC AM compared to RLC UM will consequently result in larger battery consumption (due to more tx/rx activity) in the UE and in addition that more resources (PDCCH/PDSCH/PUSCH and potentially RACH) are used in the network.

[bookmark: _Toc434586503]The usage of RLC AM results in larger battery consumption in the UE and usage of more resources in the network.

For mobile broadband traffic the Status Reports are transmitted relatively seldom compared to the HARQ acknowledgements, and thus the cost of obtaining a high reliability is relatively small. However, for IoT the relative overhead is larger since the typical session only consists of a few messages.

[bookmark: _Toc434520662][bookmark: _Toc434520730][bookmark: _Toc434586504]Since the typical NB-IoT session is expected to be short and only consists of a few messages, the overhead caused by the RLC Status Reports is relatively high.
HARQ residual error rate
As RLC-AM only needs to correct those errors which are not captured by HARQ, the need for RLC-AM depends on the HARQ residual error rate. For uplink the HARQ residual error rate can in principle be made arbitrarily small as the eNB can request additional re-transmissions until decoding is successful.
  
[bookmark: _Toc434520663][bookmark: _Toc434520731][bookmark: _Toc434586505]For uplink the HARQ residual error rate can in principle be made arbitrarily small as the eNB can request additional re-transmissions until decoding is successful.
Downlink is more problematic as there is a risk of NACK-to-ACK errors on the HARQ feedback channel. For PUCCH in LTE the NACK-to-ACK probability is assumed to be in the order of  or . However, this will only result in a residual HARQ error if the corresponding HARQ process was decoded incorrectly. Typically the BLER operating point is set to around . If the number of HARQ re-transmissions is large the HARQ residual error rate is approximately:





The first factor is the average number of failed (re-)transmissions until a block is successfully decoded and the second factor is the probability that one of those (re-)transmissions results in a NACK-to-ACK error. We see that that the HARQ residual error rate can be reduced by reducing the NACK-to-ACK error rate. 
[bookmark: _Toc434520664][bookmark: _Toc434520732][bookmark: _Toc434586506]For downlink the HARQ residual error rate depends on the NACK-to-ACK error rate. By using more robust HARQ feedback in NB-IoT the NACK-to-ACK errors can be reduced, and thereby also the HARQ residual errors. 

We therefore expect that NB-IoT can provide better or at least the same performance as LTE.

[bookmark: _Toc434520665][bookmark: _Toc434520733][bookmark: _Toc434586507]In LTE, the HARQ residual error rate is in the order of 10^-3 or 10^-4. We expect that NB-IoT will provide better or at least similar performance.
Need for RLC-AM for SRBs and DRBs
Many of the existing MTC application protocols (e.g. CoAP, MQTT, XMPP, and HTTP) include re-transmission functionality and are able to handle some level of packet loss. We therefore expect the reliability provided by HARQ will be sufficient for DRBs.

[bookmark: _Toc434520736]RLC AM is not required for DRBs.
 
For SRBs the situation is a bit more complex as many RRC procedures expect L2 to be lossless. However, since the time spent in connected mode in NB-IoT is relatively short lived compared to legacy LTE and thus contains fewer messages, the occasional loss of an RRC message should be less of a problem for NB-IoT. If needed, additional robustness can be incorporated in RRC. 

All NAS procedures today are protected by a supervision timer that triggers a re-transmission upon expiry. Thus, there is no need for a lossless L2 and consequently removal of RLC AM would not have any impact on any NAS procedures. For pure RRC procedures, it can be discussed later if additional retransmission is needed on RRC layer. 

[bookmark: _Toc434520737]RLC AM is not required for SRBs.

Conclusion
In this contribution we have discussed the need for RLC-AM in NB-IoT. In section 2 we made the following observations:
Observation 1	The usage of RLC AM results in larger battery usage for the UE and usage of more resources in the network.
Observation 2	Since the typical NB-IoT session is expected to be short and only consists of a few messages, the overhead caused by the RLC Status Reports is relatively high.
Observation 3	For uplink the HARQ residual error rate can in principle be made arbitrarily small as the eNB can request additional re-transmissions until decoding is successful.
Observation 4	For downlink the HARQ residual error rate depends on the NACK-to-ACK error rate. By using more robust HARQ feedback in NB-IoT the NACK-to-ACK errors can be reduced, and thereby also the HARQ residual errors.
Observation 5	In LTE, the HARQ residual error rate is in the order of 10^-3 or 10^-4. We expect that NB-IoT will provide better or at least similar performance.

Based on the discussion in section 2 we propose the following:
Proposal 1	RLC AM is not required for DRBs.
Proposal 2	RLC AM is not required for SRBs.
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