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1. 
Introduction
TR 38.913 [1] subclauses 7.11 and 7.19 specifies the following requirement related to the UE battery life and network energy efficiency respectively
7.11
UE battery life
UE battery life can be evaluated by the battery life of the UE without recharge. For mMTC, UE battery life in extreme coverage shall be based on the activity of mobile originated data transfer consisting of 200bytes UL per day followed by 20bytes DL from MCL of 164dB, assuming a stored energy capacity of 5Wh.
The target for UE battery life should be beyond 10 years, 15 years is desirable.
7.19
Network energy efficiency
The capability is to minimize the RAN energy consumption while providing a much better area traffic capacity.

Both qualitative and quantitative KPIs are proposed.

Network energy efficiency shall be considered as a basic principle in the NR design

The target is a design with:

· the ability to efficiently deliver data, and 

· the ability to provide sufficiently granular network discontinuous transmission when there is no data to transmit and network availability is maintained

This contribution discusses upper layer aspects of the NR cell DTX support with regard to impact to UE battery life especially for mMTC devices.
2. 
LTE Small Cell DTX and upper layer issues
Small Cell DTX was studied for LTE in Rel-12 and the outcome of the study is captured in TR36.872 [2].
One important issue to consider for NR as it affects UE battery life is:
Issue: Should idle mode/RRC inactive state UEs be allowed to camp on a NR cell when it’s ON, if it can be switched OFF before the UE wakes up the next time to receive a page?

From a battery life perspective, the answer is No, especially for IOE devices to avoid requiring the UE to perform reselection just to receive a page.
Observation 1: Idle mode/RRC inactive UEs should prefer to camp on a cell which will be ON at the next paging instance.

To address the issue, the following solutions are available in LTE:
Existing LTE solutions
LTE eNB can signal a cell status IE set to “barred” to avoid UE camping on the cell.
1. SIB1 signals cellStatus set to “barred” and intraFreqReselection set to “allowed”;
· Only a specific cell is barred.

2. SIB1 signals cellStatus set to “barred” and intraFreqReselection set to “not allowed”;
· The entire frequency is barred;

· This is fine as long as all the cells on the frequency have this characteristic , i.e., it only makes sense if the entire frequency is not allowed, but does not support a mix of these cells

3. SI absence 

· This implies the cell isn’t supposed to be used for idle mode UE, as it won’t be able to read SI and camp.

· If SIB1 is missing, only the specific cell is barred (ref. 36.304 subclause 5.3.1 and 36.331 subclause 5.2.2.5).
Solutions 1 and 2 have a common problem that the cell barring applies only for 5 min (ref. TS 36.304 subclause 5.3.1) and so the UEs may come back to the same cell/frequency and re-check the barring status.
In addition, cell barring does not allow any UEs to connect and will impact all UEs camped on the cell, even if the cell will still be on for a while.

Solution 3 has the problem in that it will take some time for the UE to determine the cell is not available for camping and also will not allow the cell to be used for access.
Observation 2: Any existing solutions do not work to allow a UE to know if the cell will be present when it next wakes up and all negatively impact UE battery life.
Proposal 1: Introduce a mechanism that UEs in idle mode and RRC_INACTIVE state can camp on a cell, which can be turned OFF and ON dynamically.

For example, MTC devices would have relatively longer DRX cycle in idle mode and RRC_INACTIVE state such as nearly 3 hours. If only one MTC device is camped on the cell, in theory the cell can be turned OFF while the UE is in the sleep period of the long DRX cycle (e.g. for nearly 3 hours). If NR system information tells exactly when the NR cell may be turned OFF, the UEs, who have the ON duration of the DRX cycle, which doesn’t overlap the potential cell OFF time can camp on the cell DTX capable cell without any service disruption issue.
Proposal 2: NR system information (e.g. SIB1) tells when the cell may be turned OFF so that the UEs in idle mode/RRC_INACTIVE state can camp on the cell DTX capable cell without any service disruption.
3.  Conclusion

Observation 1: Idle mode/RRC inactive UEs should prefer to camp on a cell which will be ON at the next paging instance.
Observation 2: Any existing solutions do not work to allow a UE to know if the cell will be present when it next wakes up and all negatively impact UE battery life.
Proposal 1: Introduce a mechanism that UEs in idle mode and RRC_INACTIVE state can camp on a cell, which can be turned OFF and ON dynamically.

Proposal 2: NR system information (e.g. SIB1) tells when the cell may be turned OFF so that the UEs in idle mode/RRC_INACTIVE state can camp on the cell DTX capable cell without any service disruption.
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