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1
Introduction
The WI on NB-IOT [1] has objective to “specify a radio access for cellular internet of things, based to a great extent on a non-backward-compatible variant of E-UTRA, that addresses improved indoor coverage, support for massive number of low throughput devices, low delay sensitivity, ultra low device cost, low device power consumption and (optimised) network architecture.”  
In the previous meeting [2] some initial progress was made on user plane, for example that a single stop and wait HARQ process will be used in UL and DL MAC, but it was not concluded whether AM RLC is needed for DRBs and to what extent DRX is supported. In this paper we provide some view on this.
2
Discussion
It has been proposed that AM RLC is not necessary due to a simplified Tx/Rx operation. However, successful transmission of RRC configuration messages is essential for the current RRC model therefore we assume that at least for SRB the AM RLC is necessary. In addition, for DRBs, the AM RLC operation ensures that errors can be corrected in the radio protocol rather than relying on application layer retransmissions which would be inefficient at least in those error cases, because this would rely on sending entire SDU from RLC to “NACK” any message, and then re-transmitting the entire failed SDU, rather than the selective repeat operation offered by AM RLC.
The overall efficiency depends on residual error from HARQ – in other words there is a trade-off between the overhead of always requiring an RLC ACK, and the overhead in the error cases of having to retransmit a larger amount of data from higher layers. Clearly, in the current LTE design, the AM RLC is the most efficient way to recover any residual errors left over from MAC. A typical rate of error would be around 10% BLER at MAC, with residual HARQ error of around 1% for RLC to correct. If we assume similar values for NB-IOT then it means that approximately 1 out of every 100 RLC PDUs will be lost. At the high data rates achievable in LTE, the current RLC window mechanism, coupled with polling and missing PDU detection at the receiver is a highly efficient way to ensure maximum throughput with the minimum overhead. However, in the case of NB-IOT we expect only relatively infrequent small amounts of data such that the current LTE design assumptions are no longer valid.
Clearly, it is desirable to ensure the maximum reliability at radio level in order that applications can run more efficiently and simply. In order to do that we need a way to make sure that radio layer corrects errors and so to do that we either need AM RLC, or UM RLC with some successful delivery indication and higher level of HARQ reliability from MAC. We assume that AM RLC is the simplest way to achive that reliability, without requiring higher reliability from HARQ – taking into account that in an enhanced coverage situation this may be difficult to achieve, however functions to ensure maximum throughput such as the current LTE AM RLC polling triggers for advancing the transmitter window are not needed. We believe a simplified AM operation is possible.

Given that we expect only small amounts of infrequent data to be transmitted by RLC – regardless of whether this is on a dedicated DRB or piggybacked on a C-plane message, this will mean that a single RLC SDU will contain the entire NAS message to transmit. As such, we do not need pollPDU, pollBYTE, or missing PDU detection at the receiving RLC entity. Rather, we need to set a poll bit only on the last PDU in the buffer – this would indicate the end of a message, whether it is RRC C-plane only, or an NAS layer message sent on DRB or in an RRC message. This ensures the reliability is provided, while minimising any overhead, because the RLC STATUS PDU is generated only in response to the end of a message.
Proposal 1: AM RLC is supported, but STATUS PDU is triggered only in response to a poll bit, and poll bit is set only in case of the last PDU in the transmission buffer. (No need to support pollPDU, pollBYTE, or t-Reordering.)
In addition to simplifying RLC operation, while maintaining the benefit of error correction from AM RLC, we may also optimise MAC DRX operation. Since the UE will transmit infrequently it will spend most of the time in Idle mode or DRX. Currently the trigger for entering DRX is the DRX inactivity timer, and RRC Connection release to idle mode is triggered after some time of inactivity detected at the network. This means that in order for a UE to send a small amount of data, it needs to remain active for a longer period of time waiting for inactivity timer to expire which will be a major overall contributor to power consumption.

Given that we will be able to determine the end of a transmission when a SDU ends, this may also be used as a trigger to enter DRX by the UE as shown in figure 1, or could be used in a similar way by the network as a trigger to release the RRC Connection.


[image: image1]
Figure 1: Trigger to enter DRX using AM RLC.
Proposal 2: For AM RLC, the poll bit (in DL) and subsequent ACK (in UL) allow UE to immediately enter DRX without waiting for inactivity time or explicit DRX command.

A similar approach could be used for UM RLC. However, we consider that the successful delivery of an RLC PDU is essential to be confirmed for many applications, therefore without also supporting AM RLC this would require introduction of an indication from MAC to RLC upon HARQ error in order that UM RLC can re-transmit (this would be something of a hybrid between AM and UM RLC – ACK comes only from transmitting HARQ entity rather than receiving RLC entity). Then, DRX can be entered upon indication from MAC that all RLC PDUs have been successfully delivered by HARQ. However, we consider that the AM RLC approach is simpler and it is closer to the existing LTE functionality because it does not require a new ARQ or HARQ functionality. In case of applications that do not require any acknowledgement then it is possible for UM RLC to be used. In this case, UE should enter DRX upon detection of the last PDU transmission of an SDU (e.g. when framing indicator FI indicates the end of an SDU)

Proposal 3: For UM RLC, the FI indicating the end of an SDU (DL or UL) allows UE to immediately enter DRX without waiting for inactivity time or explicit DRX command.

4
Conclusion

In this paper we propose a simplified RLC operation which maintains the error correction benefit of AM and a mechanism allowing UE to enter DRX more quickly than the current system providing improvement in power consumption due to spending minimum time in active mode.
Proposal 1: AM RLC is supported, but STATUS PDU is triggered only in response to a poll bit, and poll bit is set only in case of the last PDU in the transmission buffer. (No need to support pollPDU, pollBYTE, or t-Reordering.)

Proposal 2: For AM RLC, the poll bit (in DL) and subsequent ACK (in UL) allow UE to immediately enter DRX without waiting for inactivity time or explicit DRX command.

Proposal 3: For UM RLC, the FI indicating the end of an SDU (DL or UL) allows UE to immediately enter DRX without waiting for inactivity time or explicit DRX command.
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