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1. Introduction

In RAN1#94 meeting, we have the following agreements for UE-group WUS: 
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 behavior
· 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

[bookmark: _Hlk525744129]In this contribution, we further discuss UE-group MWUS from the following aspects:
· TDM/FDM/CDM for UE-group MWUS multiplexing
· UE-grouping
· Configuration of UE-group MWUS
· UE-group MWUS sequence

2. [bookmark: _Hlk510734164][bookmark: _Hlk525744151]TDM/FDM/CDM for UE-group MWUS multiplexing
[bookmark: _Hlk525744166][bookmark: _Hlk510734227]The candidates for MWUS multiplexing of UE-group MWUSs and legacy MWUS without UE grouping could be TDM/FDM/CDM, as illustrated in Figure 1. The legacy MWUS without UE grouping is shown in Figure 1(a) as a reference, where the transmit power Ptx is only used on two PRBs.
[image: ]
Figure 1 TDM/FDM/CDM of UE-group MWUS
· [bookmark: _Hlk525744224]TDM 
[bookmark: _Hlk521586684]By using TDM manner in Figure 1(b), same transmit power, Ptx, is used for each MWUS for legacy UEs and that of group UEs. The MWUS monitored by legacy UEs is not impacted by MWUS UE grouping. The UE-group MWUS is configured by using different starting subframes, separated by the max MWUS duration, L. The total reserved time required for TDMed MWUS is G*L. Smaller G and/or shorter duration of L may be needed to limit the overhead and delay. 
· FDM
The FDM of UE-group MWUSs is illustrated in Figure 1(c). If no power boosting, the transmit power, Ptx, has to be shared by multiple MWUSs transmitted simultaneously. It may be difficult to guarantee usage of Ptx per WUS instance, especially in cases with power boosting or when multiple narrowbands are configured for paging. Assuming G is the configured number of UE groups, each MWUS has only Ptx/G power so the MWUS duration has to be increased G times, relative to Figure 1(a) and (b), to achieve a similar performance. The max duration of G*L has to be configured to consider the worst case for multi-MWUS transmission, unless eNB can do G times of power boosting.
· CDM1 allowing multiple-WUS transmission simultaneously
[bookmark: _Hlk520973053][bookmark: _Hlk521312196][bookmark: _Hlk521312202]In case of CDM, there are two possible ways. In Figure 1(d), the CDM1 allows to transmit multiple MWUS simultaneously. Similar as FDM, in case of no power boosting, each MWUS has only Ptx/G power. The duration of CDMed MWUS may be further increased due to the inter-group interference based on non-orthogonal sequences, costing G(1+L/L) times of network resources and UE power consumption as well. The max duration of G*L+G*L has to be configured to consider the worst case for multi-MWUS transmission, unless eNB can do G(1+L/L) times of power boosting. By using sequences with good cross correlation, CMD1 is expected to offer a similar performance as FDM. For the case when eNB could allocate constant power per WUS when transmitting multiple MWUSs, CDM1 or FDM would achieve better resource usage and delay performance than TDM. 
· CDM2 not allowing multiple-WUS transmission simultaneously
In Figure 1(e), CDM2 does not allow to transmit more than one MWUS simultaneously. The legacy MWUS acts as a common MWUS to be sent when legacy UE or any new UEs in more than one group have paging in the associated PO. The UE-group MWUS (i.e., not the common one) will only be selected if there is paging for a single group. CDM2 has no issue of power sharing or additional overhead/latency. However, the main issue is that it sacrifices the power saving gain. The legacy WUS will wake up all UEs even if only 1% legacy UEs in the system. The paging of new UEs also give negative impact on the legacy UE power saving as well. It is contradictory to the motivation of introducing UE-group MWUS. Therefore, CDM2 is worse than TDM or FDM/CDM1 from the power saving perspective.
According to the comparison, each scheme has pros and cons, dependent on the parameters, such as power boosting, number of UE groups, max WUS duration. The TDM way minimizes impact on legacy UEs and UE power consumption at price of the overhead. FDM and CDM1 have similar issue of sharing power and power boosting is the key to save overhead as well as UE power consumption. CDM2 has no issue of power sharing or additional overhead but sacrifices power saving gain and cannot avoid negative impacts between legacy and grouped UEs. We need to take into account the above issues for configuration of UE-group MWUS. 
Proposal 1: TDM/FDM/CDM for UE-group MWUS multiplexing should be selected to maximize UE power saving gain and minimize negative impact on legacy UEs with controlled overhead.

3. [bookmark: _Hlk525744498]UE grouping
[bookmark: _Hlk521586193]In last RAN1 meeting, the UE grouping was discussed, and we need further narrow down the possible options:

· Coverage
This method in theory can group UEs with similar required duration of WUS and repetition number of MPDCCH. However, the issue with this proposal is how eNB knows what coverage level UE is in at the time UE needs to be paged, which is not feasible in case of idle UEs. 
· Services
To define groups based on service requires standardized service groups and a UE would need to be assigned to a particular group. Defining services will require study by other groups (such as SA2). Furthermore, a UE may support more than one service (e.g. a smart watch can be an IoT device that provides tracking, health reporting, voice calls). In general, the benefits of service-based grouping are unclear.
· DRX/eDRX and Gap configuration
The UEs belong to one PO could be separated into a group of UEs using WUS with same gap configuration. Now, we have DRX gap, eDRX short gap and optionally eDRX long gap. The UEs are already use gag-specific WUS and for UEs with same gap, subgrouping could be applied to further improve the power saving gain. The number of the UE groups could be same or different per configured gap.
· UE ID
For IDLE UEs, the group ID of the UE-group MWUS should be implicitly derived in a similar way as PO, e.g., based on the UE ID, number of the UE groups, and the other parameters for paging narrowband determination (e.g., N, Nn, Ns etc.). 

· Percentage of legacy UEs
[bookmark: _Hlk521312265]Besides the UE ID, the percentage of legacy UEs need to be considered. In Release 15, WUS does not support UE grouping and all UEs that support WUS without UE grouping will use Rel-15 WUS. As population of UEs supporting WUS grouping increases the legacy WUS become underutilised while WUS supporting UE grouping becomes over utilised thus diminishing the benefit of the new WUS. To mitigate this, it is desirable for some UEs supporting grouping to be grouped together with legacy UEs and share legacy WUS. One way to achieve this is to consider legacy channel as one group. We could let eNB balance the number of UEs within each group, e.g., in a manner similar to that developed in Rel-14 for paging in non-anchor carriers. For example, in case of 2 groups, 1/2 UEs are legacy UEs using legacy WUS as the 1st group and the other 1/2 UEs are new UEs using 2nd group WUS. If only 1/4 UEs are legacy, we can group legacy and 1/4 UEs of new UEs as the 1st group and the other 1/2 UEs of new UEs as the 2nd group. This approach provides a deterministic method to distribute UEs amongst the two WUS channels and groups.


In summary, UE grouping should be based on the UE group ID, the number of UE groups, UE ratio of UE-grouping and non-UE grouping, DRX/eDRX gap configuration. 

Proposal 2: UE grouping should be based on the UE group ID, the number of UE groups, percentage of legacy UEs, DRX/eDRX gap configuration.
4. Configuration of UE-group MWUS
Key parameters for UE-group MWUS include:

· Number of UE groups
[bookmark: _Hlk521312236][bookmark: _Hlk521312252]Even if eNB can support UE grouping, eNB can still turn on/off UE group WUS in SIB for idle UEs. If it is turned off, or equivalently there is no signalling for G, the default value of G is set as 1 (i.e., fall back to legacy Rel-15 behaviour). If UE grouping is turned on, considering the tradeoff between the achievable gain and overhead/complexity, G should be configurable and broadcasted in SIB. Up to 4 UE groups may be sufficient based on the analysis in [2]. Always mandating max number may cost high overhead, especially for large-coverage cells, if using TDMed MWUS, or cost more power if using FDM/CDM1 with power boost. Even for CDM2, the more divided groups will result in higher probability to send common MWUS and wake up all UEs. But using a fixed smaller number, e.g., G=2, may limit the potential power saving gain in some cases. At least, we should allow the flexible configuration of the number of UE groups, e.g., based on the parameters, such as required max MWUS duration, DRX cycle, paging probability, number of DRX/eDRX UEs, number of narrowbands for paging, etc. 
· Duration and Gap configuration
The UE-group MWUS should achieve same coverage as legacy MWUS as well as the associated PO. Therefore, the configuration of MWUS max duration and actual duration would be similar to that of legacy one. For each UE group, the UE-group MWUS has common non-zero gap from the end of configured max duration and associated PO, with aligned starting subframe relative to the first associated PO. The gap is dependent on the multiplexing scheme. The FDM/CDM will keep same gap as legacy MWUS. Even in case of TDM, no additional signalling is needed and the gap of UE-group MWUS can be calculated by using MWUSmax and the gap configured for legacy MWUS. 
Proposal 3: Number of UE-group MWUSs is configurable and broadcasted in SIB.
Proposal 4: The configuration of UE-group MWUS maximum/actual/gap duration is same as that of legacy MWUS.
5. UE-group MWUS sequence
In RAN1#94, the following agreement was reached:

Rel-16 UE-group MWUS sequence should consider at least
· Fallback to legacy UE behavior
· 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

[bookmark: _Hlk521588123]The WUS sequence is a ZC sequence scrambled by a long PN sequence initiated by using the time index of the 1st associated PO. The UE group ID should be included to differentiate different UE-group MWUS. Considering interference randomization and potential overlapping issues among WUS for different groups, we prefer to use different sequences for different UE groups. Attaching UE group ID information after legacy sequence (e.g. as a post-WUS signal) would prevent the UE to perform early termination for power saving.
[bookmark: _GoBack]To reuse legacy MWUS sequence design as much as possible, the UE group ID could be included in the initialization of the scrambling sequence. It may be added as phase shift, but this may create issues due to sidelobes in case of large time drift. Note that RRM measurement relaxation will be enabled in Rel-16 and MWUS could be used for synchronization similar as NWUS. 
[bookmark: _Hlk521312293]Proposal 5: Use different sequences for UE-group MWUSs by including UE group ID in the sequence design.
6. Summary
The proposals made in this contribution are summarized below.
Proposal 1: TDM/FDM/CDM for UE-group MWUS multiplexing should be selected to maximize UE power saving gain and minimize negative impact on legacy UEs with controlled overhead.
Proposal 2: UE grouping should be based on the UE group ID, the number of UE groups, percentage of legacy UEs, DRX/eDRX gap configuration.
Proposal 3: Number of UE-group MWUSs is configurable and broadcasted in SIB.
Proposal 4: The configuration of UE-group MWUS maximum/actual/gap duration is same as that of legacy MWUS.
Proposal 5: Use different sequences for UE-group MWUSs by including UE group ID in the sequence design.
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