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1 Introduction

The WID of further NB-IoT enhancements was approved in RAN#75 [1] and reviewed in RAN#76 [2], RAN#77 [3].In which, the following objection is included:

A-1. Further latency and power consumption reduction

· Power consumption reduction for physical channels

· Study and, if found beneficial, specify for idle mode paging and/or connected mode DRX, physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. [RAN1, RAN2, RAN4]

· Study and, if found beneficial, support UL/DL semi-persistent scheduling [RAN2, RAN1, RAN4]

· Evaluate power consumption/latency gain and specify necessary support for DL/UL data transmission on a dedicated resource during the Random Access procedure after NPRACH transmission and before the RRC connection setup is completed. [RAN2, RAN1, RAN3] 

· Consider further enhancement of quick release of RRC connection after the last data transmission[RAN2]

· Relaxed monitoring for cell reselection [RAN2, RAN4]

· Enable relaxed UE monitoring for cell (re)selection e.g. by (re)configuration

· Support for physical layer SR [RAN1, RAN2]

· Support for RLC UM in addition to Rel-14 SC-PTM support [RAN2]
In this paper, we will discuss some additional issues for UE power consumption reduction.

2 Discussion

Measurement is supported only in idle mode in NB-IoT, but UE will enter RRC_CONNECTED and stop the cell re-selection procedure only after receiving of the RRCConnectionSetup or RRCConnectionResume message[4],refer to figure 1. That means UE should perform measurement and cell re-selection procedure during PRACH procedure (in idle mode) based on the current specification [4] as followings:

	5.3.3.3
Actions related to transmission of RRCConnectionRequest message

The UE shall set the contents of RRCConnectionRequest message as follows:
…
The UE shall submit the RRCConnectionRequest message to lower layers for transmission.

The UE shall continue cell re-selection related measurements as well as cell re-selection evaluation. If the conditions for cell re-selection are fulfilled, the UE shall perform cell re-selection as specified in 5.3.3.5.
5.3.3.3a
Actions related to transmission of RRCConnectionResumeRequest message

The UE shall set the contents of RRCConnectionResumeRequest message as follows:

…
The UE shall submit the RRCConnectionResumeRequest message to lower layers for transmission.

The UE shall continue cell re-selection related measurements as well as cell re-selection evaluation. If the conditions for cell re-selection are fulfilled, the UE shall perform cell re-selection as specified in 5.3.3.5.
5.3.3.4
Reception of the RRCConnectionSetup by the UE

…
The UE shall:

…
1>
enter RRC_CONNECTED;

1>
stop the cell re-selection procedure;

…
5.3.3.4a
Reception of the RRCConnectionResume by the UE

The UE shall:

…
1>
enter RRC_CONNECTED;

1>
indicate to upper layers that the suspended RRC connection has been resumed;

1>
stop the cell re-selection procedure;

…


In which, the cell re-selection related measurements as well as cell re-selection evaluation during PRACH procedure are not necessary because: to guarantee that the behavior between UE and eNodeB is consistent, cell reselection should not be performed during the PRACH procedure, e.g. if cell reselection occurred during PRACH procedure, UE will receive Msg2 or Msg4 in the new target cell, but the eNodeB will transmit Msg2 or Msg4 in the old source cell for no interaction between UE and eNodeB is performed in cell reselection procedure, which will leads PRACH failure. Taken into consideration that the measurement in idle mode is only used for cell selection and cell reselection procedure, the measurement is not necessary during PRACH procedure.
Observation 1: Based on the current specification, cell re-selection related measurements as well as cell re-selection evaluation are performed during PRACH procedure, which is not necessary. 
Taken into account that power saving is vital for NB-IoT and the duration of PRACH procedure may last for several seconds in coverage enhancement scene, the redundancy measurement and cell reselection during PRACH procedure should not be performed for UE power consumption reduction.
Proposal 1: The measurement and cell reselection is not performed during PRACH procedure.
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Figure 1. UE measurement procedure
For UE in RRC_CONNECTED mode, data reception and/or transmission are not performed all the time. When the data reception and/or transmission are performing, PDCCH should be monitored with a smaller interval for less data transmission latency. When the data reception and/or transmission are not performing, PDCCH can be monitored with a larger interval for UE power consume reduction. If the NPDCCH period can be adjusted dynamically as mentioned in reference [5], both the less data transmission latency and UE power consume reduction can be satisfied.
Proposal 2: It’s suggested to support dynamically adjusted NPDCCH period for RRC_CONNECTED mode.
Furthermore, trade-off between faster release and avoiding frequent RRC connection setup is necessary; for it’s the trade-off between UE power consume reduction and NW signaling congestion, traffic delay. This is often difficult to decide for when the traffic burst is coming cannot be predicted accurately. To deal with problem, a middle state between RRC_IDLE and RRC_CONNECTED can be introduced. In which:

· UE can reserve the SR resource, timing synchronization and RRC connection configuration, but monitoring the paging CSS.
· If paging is received or UL data transmission is triggered, UE can quickly use the reserved resource for data transmission (that’s: transfer to RRC_CONNECTED state);
· If neither paging is received nor UL data transmission is triggered for a long time, UE can release the reserved resource to transfer to RRC_IDLE state.
Which this solution, both the UE power can be reduced and the NW signaling congestion, traffic delay can be reduced.
Proposal 3: A UE power saving state is introduced. In which, UE reserves the SR resource, timing synchronization and RRC connection configuration, but monitors the paging CSS. 
3 Conclusion

Based on the analysis in this paper, we have the following observations and proposals:

Observation 1: Based on the current specification, cell re-selection related measurements as well as cell re-selection evaluation are performed during PRACH procedure, which is not necessary.
Proposal 1: The measurement and cell reselection is not performed during PRACH procedure.
Proposal 2: It’s suggested to support dynamically adjusted NPDCCH period for RRC_CONNECTED mode.
Proposal 3: A UE power saving state is introduced. In which, UE reserves the SR resource, timing synchronization and RRC connection configuration, but monitors the paging CSS.
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