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Introduction
At the RAN plenary #80, a new Work Item (WI) on “Additional MTC enhancements” was approved and revised in RAN#81 [1]. The WID states that one objective is to specify the following improvement for machine-type communications for BL/CE UEs:
Improved DL transmission efficiency and/or UE power consumption:
•	Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]
In RAN1#94, the following agreements were made on specific support of UE-group Wake Up Signal [2]
Agreement
UE-group WUSs are only multiplexed in the same NB as associated PO
FFS TDM/FDM/CDM for UE-group MWUS multiplexing
Agreement
UE-group MWUS is supported based on eNB’s and UE’s capability.
Whether the network supports UE-group MWUS is done by higher layer signalling.
FFS: The number of UE groups is configured by SIB.
Note that the UE-group MWUS is UE optional
Agreement
Rel-16 UE-group MWUS sequence should consider at least
Fallback to legacy UE behaviour
Inter-cell interference randomization
UE group ID for different UE-group MWUS
Reuse of Rel-15 sequences is not precluded
Effect of sequence detection on UE complexity
Agreement
Study the RAN1 consequence of UE-grouping on the following basis:
UE ID
Coverage
DRX/eDRX
Gap configuration
Services
In this contribution, we provide our views on the UE-group WUS for NB-IoT and make some proposals.
Discussion
In RAN1#94 it was agreed that FDM, TDM and CDM multiplexing are the options for the MWUS. The multiplexing technique is FFS as recorded in [2].
Besides single multiplexing techniques combinations are possible.to address UE-groups, i.e.TDM+CDM or CDM+FDM.
Using TDM increases the delay for the wake-up of UEs but has least impact on the transmission power. The added complexity on the UE in case of CDM needs to be considered for the sequence design and depends on the supported number of groups. A fine granularity for grouping is beneficial for the UE power consumption in case of high number of devices and CDM enables – with drawback due to higher complexity – more groups to be supported..
1. Rel-16 WUS uses CDM for addressing UE-groups or a combination of CDM and TDM.
Even the Rel-15 WUS can be used as a first beacon to wake up Rel-16 devices. Additional Rel-16 WUS are then used to enable subgrouping. The WUS can introduce a 2-step addressing scheme for subgrouping that consists of
· A: Rel-15 WUS + Rel-16 WUS for subgroups + 2nd Rel-16 WUS for sub-subgroups
· B: Rel-16 TDM WUS + Rel-16 CDM WUS for subgroups
· C: Rel-16 CDM WUS + 2nd Rel-16 CDM WUS for sub-subgroups
The Rel-15 WUS can either be ignored (Option B, C) or can be used as an initial beacon (Option A). In both cases, subgrouping for Rel-16 UEs is possible. Option B does not use the Rel-15 WUS but uses a dedicated Rel-16 WUS sequence as a beacon. Option C uses CDM as the only multiplexing mechanism combined with a 2-step addressing scheme. This option allows for a very granular addressing of UE-groups and can even be used to differentiate between “groupcast” and “unicast”.
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[bookmark: _Ref525839951][bookmark: _Ref525839958]Figure 1 – Rel-15 WUS with REL-16 WUS subgrouping – Option A
Figure 1 shows the concept of subgrouping for Option A. The use of Rel-15 WUS as a “supergroup” allows for backward compatibility. The Rel-15 devices and Rel-16 devices may be considered already as “subgroup x”. The effect on legacy devices should be considered and is FFS. Figure 2 illustrates the Rel-16 behavior of Rel-15 WUS which is NOT used as a supergroup-beacon. For activation of Rel-16 UEs, no Rel-15 WUS is needed and Rel-15 UEs do not wake up.
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[bookmark: _Ref525840165]Figure 2 – Rel-16 WUS subgrouping w/o Rel-15 WUS – Option B/C
I addition to a Rel-15 beacon, a 2-step Rel-16 WUS with CMD WUS sequence for each step allows sub-subgrouping and fine granular wake-up functionality – i.e. for service related wake-up.
Rel-16 WUS uses Rel-15 WUS as a supergroup-beacon and introduces a 2-step addressing scheme to allow for a more specific subgrouping.
During RAN1#94 no agreement was made on the number of groups that should be supported in Rel-16 WUS. Evaluation results at Fraunhofer IIS of LPWA sensor networks using WUS with addressing show a significant decrease in energy consumption of the sensor nodes. More groups with sub-subgrouping decrease the energy consumption of DL transmissions due to the lower probability of false alarms.
The Rel-16 part of the WUS supports a minimum of 4 different sequences (=subgroups) per step.
In [2] there are 5 possible options to base UE-grouping upon, i.e. UE ID and Services. Supplementary to the proposed 2-step WUS design, using two basis for the grouping are possible. A common denominator is the UE ID, which was proposed by multiple companies (see [3]). A second option to address different classes of reporting-intervals – and therefore lifetime – is possible. The DRX/eDRX configuration is an indicator for the energy saving requirements of the devices. The energy saving req. can also be defined as service classes that can be mapped to an WUS address space.
The UE-grouping is based on the UE ID. A service ID or DRX/eDRX settings might be used for a second level of differentiation.
Conclusions
In this contribution the following observations and proposals have been made:
1. Rel-16 WUS uses CDM for addressing UE-groups or a combination of CDM and TDM.
1. Rel-16 WUS uses Rel-15 WUS as a supergroup-beacon and introduces a 2-step addressing scheme to allow for a more specific subgrouping.
1. The Rel-16 part of the WUS supports a minimum of 4 different sequences (=subgroups) per step.
1. The UE-grouping is based on the UE ID. A service ID or DRX/eDRX settings might be used for a second level of differentiation.
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