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1	Introduction
At the RAN plenary #80, a new Work Item (WI) on “Rel-16 enhancements for NB-IoT” was approved [1]. The WID states that one objective is to specify the following improvement for machine-type communications for NB-IoT FDD:
Improved DL transmission efficiency and/or UE power consumption:
•	Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]
This contribution presents our view on this WI objective.
[bookmark: _Ref178064866]2	Discussion
2.1	Common grounds for LTE-MTC and NB-IoT as well as Rel-15 and Rel-16
The Rel-15 WUS sequence design is based on one ZC sequence and a scrambling code [2]. Based on this design, it is possible to add Rel-16 WUS sequences simply by changing the scrambling code parameters following the same formula.
[bookmark: _Hlk521522580][bookmark: _Toc521703583]Rel-16 WUS sequence can be introduced using Rel-15 WUS design only by changing scrambling parameters.
Furthermore, the Rel-15 WUS design for NB-IoT is tightly related to Rel-15 WUS for LTE-MTC in that the NB-IoT sequence is reused and concatenated in the frequency domain for LTE-MTC. This tight relation is beneficial during implementation, e.g. a device can reuse the same circuitry to support both technologies and should be maintained unless good reasons exist not to. For this reason, it is also desirable to keep the Rel-16 LTE-MTC and NB-IoT WUS UE grouping design in Rel-16 similar. One possible difference is that LTE-MTC could take advantage of its wider spectrum by using FDM as a part of the UE grouping strategy.
[bookmark: _Toc521703584]It is advantageous to align the Rel-16 LTE-MTC and NB-IoT WUS designs.
An enhanced version of WUS must bring about substantial advantages in terms of UE power savings and network overhead. UE grouping functionality will provide some power saving gains due to a reduced false alarm rate. However, Rel-16 design should prevent any degradation in WUS performance metrics compared to compared to Rel-15.
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2.2	Co-existence with Rel-15 WUS
For NB-IoT in-band deployment, the configuration of Rel-15 WUS is defined for the whole LTE carrier, and not individual paging NB-IoT carriers. This implies that a Rel-16 WUS must either co-exist somehow with the Rel-15 WUS, or they cannot coexist in the same LTE carrier. It is unreasonable that a whole LTE carrier should only support one WUS release. This conclusion differs from standalone and guard-band modes, where one carrier may be expected to only support one release.
[bookmark: _Toc521703586]Rel-16 WUS shall be able to co-exist with Rel-15 WUS at least for in-band mode.
2.3	UE grouping alternatives
During Rel-15 specification work for WUS, two different multiplexing techniques were discussed regarding NB-IoT. These two techniques are discussed in the following subsections.
2.3.1	Time division multiplexing
In this case, different UE groups are separated in time of the WUS transmission. From a UE grouping perspective, TDM is unattractive for the following reasons:
· Time differences between different UE groups must depend on maximum configured WUS length, resulting in fragmented resource utilization if multiple UE groups are paged simultaneously
· WUS gap length configurability and the eDRX solution with multiple WUS occasions complicates further partitioning in the time domain, the problem increasing with the number of UE groups
· UE performance may be significantly affected by the UE group due to the resulting sleep pattern differences
· WUS is more likely to overlap with other POs, thereby reducing paging capacity
2.3.2	Code division multiplexing
In CDM case, the sequences of the different UE groups are designed such that they are orthogonal or almost orthogonal. The drawback of this scheme is primarily due to extra complexity imposed by of the UE groups by performing multiple hypothesis correlation operations for different UE groups. However, assuming that UE is synchronized prior to detection, the complexity of detecting two separate sequences is still manageable. Furthermore, if several UEs belonging to different groups are to be paged in the same paging instant, several codes might need to be multiplexed on the same time-frequency resources. The transmitted power per WUS sequence might then need to be reduced, which results in reducing the coverage of the WUS. However, by setting a reasonable number of UE groups and proper code design, these are rather minor drawbacks compared to the TDM approach.
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3	Conclusion
In the previous sections we made the following observations: 
Observation 1	Rel-16 WUS sequence can be introduced using Rel-15 WUS design only by changing scrambling parameters.
Observation 2	It is advantageous to align the Rel-16 LTE-MTC and NB-IoT WUS designs.
Based on the discussion in the previous sections we propose the following:
Proposal 1	Rel-16 design should prevent any degradation in WUS performance metrics compared to Rel-15.
Proposal 2	Rel-16 WUS shall be able to co-exist with Rel-15 WUS at least for in-band mode.
Proposal 3	Rel-16 NB-IoT WUS UE grouping is based on CDM.
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