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1 Introduction

In RAN #75 meeting, new WID on Even Further NB-IoT enhancements was agreed. One of the objectives is to reduce power consumption for physical channels:

	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]


In RAN #75 meeting, new WID on Even further enhanced MTC was agreed. One of the objectives is to reduce power consumption for physical channels:

	· Improved power consumption:

· Power consumption reduction for physical channels 

· Study and, if found beneficial for idle mode paging and/or connected mode DRX, specify physical signal/channel that can be efficiently decoded or detected prior to decoding the physical downlink control/data channel.


For wake-up signal topic, in the latest RAN1#92bis, the following agreements have been made:
	· At least WUS/DTX is supported at least for paging for RRC_IDLE UEs 

· [2] bits are used to indicate the scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS
· WUS can be time-varying from subframe to subframe.

· WUS signal is designed based on the following information

· [Full] Cell ID information

· UE group ID (if introduced)

· time information of the starting subframe of the WUS or PO (Paging Occasion)

· FFS: (part of) the SFN information

· WUS subframe is postponed 

· when colliding with SIB1-BR PRBs

· in non-BL/CE subframes.

· FFS: when colliding with the PRBs that carry SIs other than SIB1.

· The gap between the end of configured maximum WUS duration and the first associated PO is equal or larger than the minimum value, which is implicitly or explicitly configured and is an absolute number of subframes

· FFS: whether to define UE capability for wake-up time


For wake-up signal topic, in the latest RAN2#101bis, the following agreements have been made:
	· WUS is an optional UE capability signalled in the RRC RadioPagingInfo(-NB)..

· WUS configuration info is broadcasted in IE RadioResourceConfigCommonSIB(-NB) in SIB2(-NB)

· At least some configuration is also per-carrier configuration in SIB22

· FFS if certain carriers can be enabled/disabled

· When the UE supports WUS and WUS configuration info is broadcasted, then WUS is used to indicate that the UE shall attempt to receive paging in that cell.

· If UE detects WUS the UE shall monitor the following N PO(s) (N≥1), unless paged

· Working assumption: RAN2 assume paging operation in MME is not impacted


After RAN2#101bis meeting, an email discussion “[101bis#22][MTC/NB-IoT R15] Progress open issues on WUS” has been triggered to discuss some open issues. In this paper, we will mainly discuss the remaining issue of detecting reliability for wake-up signal which hasn't been discussed in details during email discussion and provide our considerations and proposals.

2 Discussion

After WUS is configured, the UE will firstly detects WUS. Only if the UE can detects WUS, the UE will go on to detect PDCCH. As WUS would be transmitted with DTX mode and not always with maximum repetitions, even if RAN4 will define minimum requirement on WUS reception, there still has the possibility that UE misses the WUS, especially when the coverage of the UE changes. Furthermore, if a UE cannot detect WUS before the configured PO, it’s difficult for the UE to identify which of the following cases has been happened:

· No WUS has been transmitted before this PO.

· UE fails to detect the WUS which has been transmitted before this PO, e.g., due to change of coverage.

If the UE cannot aware that it is outside the coverage of WUS and still keeps detecting WUS, not only the paging for this UE would be missed, but also more unnecessary UE power consumption would be caused. 

Observation 1: If a UE fails to detect WUS before the configured PO and also cannot aware that it is outside the coverage of WUS, the UE will still keep detecting WUS. Not only the paging for this UE would be missed, but also more unnecessary UE power consumption would be caused.

To avoid the above situation, eNB could configure long enough WUS duration so that the WUS can cover all the UE in the cell. However, this will require large DL resources and in some deployment scenario this is not desirable. 

One possible option for the UE may be that the UE can compare its CEL with the repetition/duration configuration of WUS. Only when the UE’s CEL and the WUS transmission repetition are consistent, the UE will receive WUS. Otherwise the UE will directly detect paging regardless of WUS. However, considering that the accuracy of CEL determination is not so high or the CEL will fluctuate, we think this option is not so reliable. 

Another option is to introduce some kind of backoff PO. That is, in addition to detecting the WUS, the UE is required to mandatorily detect paging on the configured backoff POs in order not to miss the paging even the UE may miss the WUS. The eNB could also schedule paging on the backoff POs. The backoff POs can be configured in SIB with starting location and the period. 

Moreover, during the email discussion, the issue of reliable SI modification indication detection with WUS has been raised. That is, for UE to determine if SI modification is going to happen it needs to receive direct indication. However, UE would enter DRX after reception of WUS that indicates UE is not paged hence UE would not be able to receive direct indication. We agree such issue would exist. If the mapping between WUS and PO is 1 to N and the UE hasn’t detected WUS before a certain PO, the UE will assume there has no WUS and no paging in the following N PO(s). If the system information really changes after WUS occasion and before end of N PO(s), the UE would miss this system information modification. 

As the eNB would send the system information modification in the next WUS occasion, the UE finally would acquire the system information modification but obviously delay exists. If the value of “N” and DRX cycle of the UE are configured with large values, it would cause large delay before the UE can receive direct indication and acquire the SI modification indication. 

Missing or delay in receiving system information modification would cause some issues. For example, if the system information modification is due to the change of the configuration of WUS, the UE would fail to detect the subsequent WUS and also fail to acquire system information modification indication. Also if the system information modification is due to the change of the configuration of PRACH, UE may encounter more random access failures.
Observation 2:  With the 1-to-N mapping between WUS and PO, if the UE hasn’t detected WUS before a certain PO and system information changes after this WUS occasion and before end of “N” PO(s), the UE would miss the system information modification indication as the UE assumes there has no WUS and no paging in the following N PO(s).

During email discussion, the following options have been mentioned: (1) UE receives at least one PO during PTW, or (2) when eNB sends direct indication for SI modification then eNB sends WUS to all UEs hence forcing them to read direct indication. For the option (1), we think in many cases, it has no effect for reducing the delay as there may already have next WUS occasion for indicating the UE to receive direct indication before the last PO. For the option (2), we are not sure whether it’s feasible as the UE would not detect WUS during the “N” POs. 
We think a backoff PO also can be used for this issue. That is, in addition to detecting the WUS, the UE is required to mandatorily detect paging on the configured backoff PO. For example, such backoff PO could be configured among “N” POs.  
Proposal 1: It’s suggested to introduce backoff PO to improve the detection reliability of wake-up signal and reduce the possible missing or delay in acquisition of SI modification indication.

3 Conclusion

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

Observation 1: If a UE fails to detect WUS before the configured PO and also cannot aware that it is outside the coverage of WUS, the UE will still keep detecting WUS. Not only the paging for this UE would be missed, but also more unnecessary UE power consumption would be caused.
Observation 2:  With the 1-to-N mapping between WUS and PO, if the UE hasn’t detected WUS before a certain PO and system information changes after this WUS occasion and before end of “N” PO(s), the UE would miss the system information modification indication as the UE assumes there has no WUS and no paging in the following N PO(s).
Proposal 1: It’s suggested to introduce backoff PO to improve the detection reliability of wake-up signal and reduce the possible missing or delay in acquisition of SI modification indication.
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