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1 Introduction

During the RAN#92 the need for RLC AM was discussed and it was concluded that support for RLC AM for NB-IoT is assumed to be kept [1]:
· We assume that we keep RLC-AM, but we attempt to address the concerns of power consumption, number of transmissions and complexity.
The main concern of supporting RLC-AM is according to our understanding the extra signalling needed and thus the increased power consumption compared to using RLC UM. 
In this contribution we discuss two aspects of the usage of RLC AM vs RLC UM:

· We believe that the HARQ residual error rate can be made sufficiently low and thus RLC UM should be allowed to be configured both for SRB and DRB. 
· If RLC AM is used/configured we propose to reduce the power consumption by combining the ARQ feedback (i.e. the STATUS PDUs) as much as possible with other data. 
2 Discussion
RLC AM retransmissions are triggered either on a received STATUS PDU from the peer entity (including feedback of its received PDUs) or at a timeout due to lack of reception of a STATUS PDU when the peer entity was polled. Each STATUS PDU causes signaling overhead in the form of:
· STATUS PDU transmission on DL/UL, typically around 2 bytes and
· UL grant/DL assignment on the NB-PDCCH if the STATUS PDU is not piggybacked together with other data in the reverse direction

In addition, for an uplink STATUS PDU 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 PDU in RLC AM compared to using RLC UM will consequently result in larger power consumption due to more tx/rx activity in the UE. In addition to that more resources (NB-PDCCH/PDSCH/PUSCH and potentially SR on RACH) are used in the network.
2.1 RLC for SRB/DCCH traffic
Both in [2] and in [3] it was observed that RLC AM is not needed in case the HARQ residual error rate can be made low. 
As explained in [3] the uplink HARQ residual error rate can in principle be made arbitrarily small as the eNB can request additional HARQ re-transmissions until a decoding is successful. The number of granted HARQ re-transmissions will of course be limited and if the max number is reached making an ARQ re-transmission later in time with a flushed eNB HARQ soft buffer will likely not succeed. Thus, in this case (i.e. max HARQ re-transmission attempts reached) it is better that a RLF is triggered in the UE. The UE would then get the opportunity to re-select to a new better cell or back-off temporarily from the serving cell if the interference level was too high and the reason for the large number of HARQ re-transmission failures. 
Thus, configuring RLC AM for the uplink transmissions is not needed as the ARQ re-transmissions would not resolve the reason for the failed HARQ transmissions and will just be wasted power consumption for the UE.

Observation 1 There is no reason to use RLC AM for uplink data transmission as this would in case of transmission problems in the uplink only result in wasted UE power consumption.
Proposal 1 It should be possible to configure RLC UM for both SRB/DCCH and DRB/DTCH traffic in the uplink.
For NB-IoT it is assumed, see [4], that there will not be any specific HARQ feedback channel for DL transmissions such as PUCCH in the uplink and instead the HARQ feedback will be sent on the NB-PUSCH. If this HARQ feedback in the UL is protected by a CRC then the NACK-to-ACK misdetection could be made small enough. 

Since all RRC procedures initiated by the eNB the RRC/SRB/DCCH traffic in downlink triggers an uplink RRC response, the eNB will be able to detect that when there is an NACK-to-ACK misdetection due to lack of response. The eNB could then for example re-initiate the procedure. Thus, the use of RLC AM for downlink RRC/DCCH is not needed and RLC UM could be used instead.      
Proposal 2 It should be possible to configure RLC UM for both SRB/DCCH and DRB/DTCH traffic in the downlink.

2.2 Reducing power consumption for RLC AM operations
If the STATUS PDU in the majority of cases can be combined with data going in the reverse direction the impact on the power consumption is believed to be reduced as no extra NB-PDCCH reception in the UE is needed. The transmission time for the STATUS PDU on the NB-PDSCH/PUSCH will be increased but the impact on the power consumption of this extra 2 byte transmission will in good coverage be quite small. 
Observation 2 To reduce the power consumption when RLC AM is used for NB-IoT the ARQ feedback should as much as possible be combined with other data going in the reverse direction.

For the STATUS PDUs going in the downlink the eNB will be able to control this and can thus concatenate the STATUS PDU in most cases with downlink data on the SRB or the DRB
. As the eNB configures the value of t-PollRetransmit it knows how long time it may wait for data to appear in the downlink before a “stand-alone” STATUS PDU transmission should be initiated. Thus, no changes are needed to the specification to be able to combine/control this for the ARQ feedback in the downlink. 

Observation 3 To reduce the power consumption when RLC AM is used for NB-IoT no specification changes are needed to be able to combine the ARQ feedback transmitted in the downlink with other data as the eNB already can control this by configuring the t-PollRetransmit properly.

For the STATUS PDUs going in the uplink direction the UE does not know when an UL grant for the STATUS PDU (or the BSR) will be available after a STATUS PDU was triggered. In legacy LTE a STATUS PDU will be triggered immediately in case the entity is polled or upon detection of missing PDUs (and t-StatusProhibit is not running). This would result in that the UE initiates a Scheduling Request (SR) to inform the eNB that new data is available. For NB-IoT the usage of SR should be avoided as much as possible as it would require
 an expensive RACH attempt. Thus, there is a need to prohibit the triggering of a SR for a certain time to wait for additional UL data or an UL grant from the eNB (to send the STATUS PDU or a BSR). 
In legacy LTE there is already a similar timer defined in the MAC spec called logicalChannelSR-ProhibitTimer that could be used. For NB-IoT this timer would (if configured) be started (or re-started in case it is running) when a STATUS PDU is triggered in the RLC AM entity. 
When the eNB polls the UE it knows that a STATUS PDU will be pending and when the HARQ ACK is received the eNB thus knows that it must provide an UL grant for the UE before this SR prohibit timer expires to prevent that an expensive (in terms of power consumption) SR is initiated by the UE.

Proposal 3 To reduce the power consumption when RLC AM is used for NB-IoT the SR prohibit timer (logicalChannelSR-ProhibitTimer) should be configured to enable the ability to combine ARQ feedback with other uplink data.
Currently the support for logicalChannelSR-ProhibitTimer is optional for the UE and signalled as part of the UE capabilities (UE-EUTRA-Capability). As this is an important functionality for NB-IoT to reduce the power consumption and used system resources it is proposed that it should be mandatory to support for an NB-IoT UE.

To reduce the power consumption and used system resources when RLC AM is configured for NB-IoT the SR prohibit timer (logicalChannelSR-ProhibitTimer) should be used to enable the ability to combine ARQ feedback with other uplink data.

Proposal 4 It shall be mandatory for a NB-IoT UE to support the logicalChannelSR-ProhibitTimer.
3 Conclusion

In section 2 we made the following observations:
Observation 1
There is no reason to use RLC AM for uplink data transmission as this would in case of transmission problems in the uplink only result in wasted UE power consumption.
Observation 2
To reduce the power consumption when RLC AM is used for NB-IoT the ARQ feedback should as much as possible be combined with other data going in the reverse direction.
Observation 3
To reduce the power consumption when RLC AM is used for NB-IoT no specification changes are needed to be able to combine the ARQ feedback transmitted in the downlink with other data as the eNB already can control this by configuring the t-PollRetransmit properly.


Based on the discussion in section 2 we propose the following:
Proposal 1
It should be possible to configure RLC UM for both SRB/DCCH and DRB/DTCH traffic in the uplink.
Proposal 2
It should be possible to configure RLC UM for both SRB/DCCH and DRB/DTCH traffic in the downlink.
Proposal 3
To reduce the power consumption when RLC AM is used for NB-IoT the SR prohibit timer (logicalChannelSR-ProhibitTimer) should be configured to enable the ability to combine ARQ feedback with other uplink data.
Proposal 4
It shall be mandatory for a NB-IoT UE to support the logicalChannelSR-ProhibitTimer.
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� Only in case solution 18 is used. 


� It is assumed that no PUCCH is supported in NB-IoT.
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