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Discussion and Decision
1 Introduction

Specification of UE-group wake-up signal (WUS) for MTC is part of the objectives for additional MTC enhancements in Rel-16. In RAN1 #98 the following agreements were also made related to UE-group WUS for MTC [1]:
Agreement

Both options can be configured simultaneously to have up to 4 orthogonal WUS resources including legacy WUS resource

· Up to 2 orthogonal resources including legacy WUS resource may be configured in time domain

· Up to 2 orthogonal resources may be configured in frequency domain

Note: The two orthogonal resources do not necessarily include the legacy WUS resource

Agreement

The maximum number of UE groups per WUS resource is 8.

Agreement

Different WUS sequences are used in same/different WUS resources.

Working Assumption

To differentiate WUS sequences in different WUS resources, 2-bit MSB of scrambling initialization c_init is supported
Agreement

The following working assumption is confirmed with the modification and under the condition that the eNB can set the power offset between Rel-15 and Rel-16 sequences (UE does not need to know the power offset)

· UE assumes may assume the transmit power for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence.

· Maximum WUS duration for Rel-16 WUS sequence is same as that of Rel-15 WUS sequence
Agreement

A UE is required to detect 2 sequences, the common WUS and the group WUS of the group to which it belongs.

Agreement

The specification supports configurability to enable UE group to be changed among WUS resources.

· FFS: Details including implicit/explict signalling

In RAN1 #98bis, the following agreements were also made [2]:
Agreement
The configured WUS resources associated with same gap are consecutive in time/frequency domain.

· The WUS resources in the same time resource are consecutive to each other in the frequency domain.

· When the WUS resources are configured in two time resources, the WUS resources in first time resource are consecutive to a WUS resource in the second time resource.

Agreement
· Choose supported patterns for WUS resource configuration considering the location of legacy WUS resource if Rel-15 WUS is configured.

· No more than 3 bits are used for configuration of the pattern for WUS resource

· FFS: Considering the location of legacy WUS resource if Rel-15 WUS is configured

Agreement
For group WUS resources sharing WUS gap, per default, the number of UE groups per resource is configured for all group WUS resources. Optionally, the number of UE groups for each WUS resource can be configured individually.

Agreement
The number of UE groups per WUS resource is 1, 2, 4, or 8

Agreement
The optional eDRX configurability and configuration values regarding the number of consecutive POs a WUS is associated same as in Rel-15 legacy WU

Agreement
Design pre-defined method to allow alternating UE group to monitor different WUS resources at different POs implicitly.

· Consider both cell-specific DRX cycle and UE-specific DRX cycle.

· At least the following parameters are used in the pre-defined method

· H_SFN of current PO

· DRX cycle

Agreement
The group WUS resource that may coincide with legacy WUS is assigned [image: image2.png]NResource —



 QUOTE ,N-ID-Resource.=0  and the other group WUS resource are using [image: image4.png]NResource — 1 2 or 3



 QUOTE ,N-ID-Resource.=1,2,or 3 .
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 QUOTE ,N-ID-Resource.=0, 1,2,or 3  are used to differentiate different scrambling sequences for WUS sequence.

Agreement
The following working assumption is confirmed: 

To differentiate WUS sequences in different WUS resources, 2-bit MSB of scrambling initialization c_init is supported
Observation 1 Agreement
Regarding group WUS configuration for different gap durations (DRX, short eDRX and long eDRX), the following applies:

· If eDRX long gap is configured but no group WUS configuration for that gap is provided, the eDRX short gap configuration shall be used if configured, otherwise the DRX configuration shall be used.

· If eDRX short gap is configured but no group WUS configuration for that gap is provided, the DRX gap configuration shall be used.
In this contribution, we provide our views on the UE-group WUS for MTC and make some proposals.
2 Discussion
2.1 WUS resource configuration
It has been agreed in RAN1 that up to 2 orthogonal WUS resources may be configured either in the time domain or in the frequency domain. In RAN1 #98, it was further agreed that both options can be configured simultaneously to have up to 4 orthogonal WUS resources including legacy WUS resource. It was also clarified that two orthogonal resources configured in the time domain under option 1 include the legacy WUS resource, whereas the two orthogonal resources configured in the frequency domain do not necessarily include the legacy WUS resource.
When a single WUS resource is configured in a narrowband, the WUS can be power-boosted by up to 4.8 dB without affecting the power of PRBs outside the narrowband. For this reason, a maximum power boost of 4.8 dB is supported for the Rel-15 WUS. If more than one WUS resource is configured in the frequency domain and the power of the WUS transmitted in each resource is simultaneously boosted by 4.8 dB, however, the power in PRBs outside the narrowband must be reduced. With two WUS resources, the maximum power boost in the narrowband is around 7.8 dB and with three WUS resources in the narrowband, the power boost is around 9.5 dB. The impact of the power stealing that is required to support this power boosting for the WUS needs to be further analyzed by RAN4. If the resulting power reduction is deemed too high, the amount of power boosting in each WUS resource may need to be limited to less than 4.8 dB when three orthogonal WUS resources are configured in the frequency domain. To have the same coverage for Rel-15 and Rel-16 WUS, however, this may imply also limiting the power boosting for Rel-15 and Rel-16 WUS.
Proposal 1: RAN4 studies whether the maximum power boost in each of the WUS resources should be limited to less than 4.8 dB when multiple orthogonal WUS resources are configured in the frequency domain.
According to an agreement in RAN1 #98bis, no more than 3 bits are used for configuration of the pattern for WUS resources. With 3 bits, up to 8 patterns can be supported. Each of the patterns defines a time-frequency configuration of up to 4 WUS resources. Different cases can be considered as below based on how many WUS resources are configured. To limit the total number of patterns to 8, not all patterns can be supported for a given number of WUS resources in the time and/or frequency domain. For most of the patterns, two cases can be considered depending on whether one of the resources is a configured as a legacy WUS resource or not.
Pattern 0: Single WUS resource

With this pattern, a single WUS resource is configured. The Rel-16 WUS and the Rel-15 WUS share the single WUS resource when the Rel-15 WUS is configured. In this case, the Rel-16 WUS location defaults to that of the Rel-15 WUS location with no restrictions on the Rel-15 WUS location. When the Rel-15 WUS is not configured, the Rel-16 WUS resource is configured in the lower-most 2 PRBs in the narrowband. This is illustrated in the figure below. The preceding definition of the pattern does not restrict Rel-15 WUS location and implicitly allows multiple WUS locations when the resource is shared between Rel-15 WUS and Rel-16 through indication of this pattern.
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Figure 1. Pattern 0
Pattern 1: Two WUS resources in the bottom 4 PRBs of the narrowband
With this pattern, 2 WUS resources are configured in the bottom 4 PRBs of the narrowband. When the Rel-15 WUS is configured, the Rel-16 WUS may be configured to share the Rel-15 WUS resource and the other resource is used for the Rel-16 WUS. This pattern may be configured only when the Rel-15 WUS is located within the bottom 4 PRBs.
[image: image8.emf]Res1

Res0

Time

Frequency

Frequency

Res0

Res1

Time

Res1

Res0

Frequency

Time

With Rel-15 WUS

No Rel-15 

WUS


Figure 2. Pattern 1

Pattern 2: Two WUS resources in the top 4 PRBs of the narrowband
This pattern is similar to Pattern 2 except that the 2 WUS resources are configured in the top 4 PRBs of the narrowband. When the Rel-15 WUS is configured, this pattern may be configured only when the Rel-15 WUS is located within the top 4 PRBs.
[image: image9.emf]Res0

Res1

Time

Frequency

Res1

Res0

WUS0

Time

Frequency

Res1

Res0

WUS0

Time

Frequency

With Rel-15 WUS

No Rel-15 

WUS


Figure 3. Pattern 2
Pattern 3: Three WUS resources multiplexed in the frequency domain
With this pattern, 3 WUS resources are multiplexed in the frequency domain and include the Rel-15 WUS resource. The Rel-15 WUS resource may be configured in any of the 3 possible locations. The other 2 WUS resources are used for the Rel-16 WUS.
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Figure 4. Pattern 3
Pattern 4: Three WUS resources multiplexed in the time and frequency domain
This pattern allows 3 WUS resources to be configured where only 2 of the WUS resources are multiplexed in the frequency domain. The third WUS resource is located in the adjacent WUS time period, as shown in the figure below. When the Rel-15 WUS is configured, the Rel-15 WUS resource may be shared with the Rel-16 WUS. The Rel-15 WUS resource may be configured in any of the 3 possible locations. As the figure shows, the pattern of WUS resources depends on the Rel-15 WUS location if the Rel-15 WUS is configured and is fixed otherwise.
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Figure 5. Pattern 4
Pattern 5: Four WUS resources multiplexed in the time and frequency domain (asymmetric pattern)
With this pattern, 4 WUS resources are configured in the time and frequency domain, with 3 of the resources frequency-multiplexed in the second WUS time period. The Rel-15 WUS, which must be configured (in the second WUS time period) for this pattern to be used, may occupy any of these 3 resources. The locations of the 4 WUS resources are fixed as shown in the figure.
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Figure 6. Pattern 5
Pattern 6: Four WUS resources multiplexed in the time and frequency domain (bottom 4 PRBs)
With this pattern, 4 WUS resources are configured to occupy the bottom 4 PRBs of the narrowband in two WUS time periods. If the Rel-15 WUS is configured, that resource may be configured to be shared with the Rel-16 WUS. This pattern may be configured only when the Rel-15 WUS is located within the bottom 4 PRBs (in the second WUS time period).
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Figure 7. Pattern 6
Pattern 7: Four WUS resources multiplexed in the time and frequency domain (top 4 PRBs)
This pattern is similar to Pattern 6 with the exception that the WUS resources occupy the top 4 PRBs of the narrowband in two WUS time periods. This pattern may be configured only when the Rel-15 WUS is located within the top 4 PRBs (in the second WUS time period).
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Figure 8. Pattern 7

Proposal 2: Eight WUS resource patterns are supported, as illustrated in Figures 1 to 8, where each pattern defines the WUS resource locations both when the Rel-15 WUS is configured and when it is not configured, which may be different.
It was agreed in RAN1 #98bis that the UE group WUS resource that may coincide with Rel-15 WUS is assigned [image: image18.png]NResource — 1 2 or 3
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 and the other group WUS resources use [image: image23.png]NResource —



 is assigned to this resource. The other resources in the time period where the Rel-15 WUS is configured may be assigned IDs in increasing order of the index of the first PRB of the WUS resources. Thus the lowest (in frequency) WUS resource excluding the Rel-15 WUS resource is assigned . A rule must be defined to assign IDs to all the resources in each of the supported patterns. The resource ID assignment depends on whether or not one of the resources is configured for the Rel-15 WUS. When the Rel-15 WUS is configured, [image: image20.png]NResource —
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regardless of whether it is located below (in frequency) the Rel-15 WUS resource or above the Rel-15 WUS resource. If a third WUS resource is configured in the same time period (as in patterns 3 and 5), it is assigned  [image: image29.png]Resource
NRe




. If WUS resources are configured in two time periods, ID assignment to the remaining resources in the first WUS time period is continued according to same rule – i.e., starting with the lowest (in frequency) WUS resource up to the highest (in frequency) WUS resource. The resource ID assignment for all of the proposed patterns according to the above method is illustrated in Figures 1 to 8, where the resource assigned  is labelled Resi. The rule for resource ID assignment is summarized in the following proposal.

Proposal 3: WUS resources excluding the legacy WUS are sequentially assigned IDs first in frequency (low to high) and then in time (starting in the WUS time period closest to the paging occasion and going backwards).

As discussed above, the WUS pattern includes the Rel-15 WUS resource (if configured). While the WUS resource is explicitly configured (through the legacy WUS configuration), whether this resource is shared with Rel-16 WUS can be handled implicitly through assignment of Rel-16 groups to WUS resources. Thus, when the legacy WUS is configured for  [image: image32.png]NResource —



 and this resource is not configured for Rel-16 WUS, UE groups are assigned to [image: image34.png]NResource — 1 2 and 3



; otherwise UE groups are assigned [image: image36.png]Resource
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.
Proposal 4: If the legacy WUS is configured in one of the resources, sharing of this resource with the Rel-16 WUS is configured through assignment of Rel-16 UE groups to WUS resources.
2.2 UE grouping considerations

It should be possible for the network to disable Rel-16 WUS operation completely. That is, in this case no separate Rel-16 WUS is supported whereas Rel-15 WUS operation may still be supported. In this case, Rel-16 UEs can fallback to Rel-15 WUS operation.
Proposal 5: The network can separately enable or disable operation of Rel-15 WUS and Rel-16 UE-group WUS in each cell.

Proposal 6: Support fallback to Rel-15 WUS in a cell if it is enabled and if Rel-16 WUS is disabled in the cell.

It has been agreed that 1, 2, 4, or 8 UE groups may be configured for each WUS resource. Each group may be associated with a group ID. Furthermore, a pool of WUS sequences is available for mapping to different groups associated with a WUS resource. Thus, each group ID needs to be mapped to a WUS sequence.
Proposal 7: The Rel-16 WUS sequence assigned to a group depends on its group ID.

It is agreed that the WUS resource assigned to a UE group is allowed to be periodically changed to enable the UEs in the group to monitor different resources in different POs. It is also agreed that the number of groups configured can be different for different resources. In this case, when UE groups are rotated among the WUS resources, it may be desirable to fix the number of groups associated with each resource rather than rotate together the entire set of groups associated with a resource (which would always keep the same set of groups together but periodically change the number of groups associated with each resource). Thus, if fewer groups are configured for the resources in the earlier WUS time period relative to the resources in the later time period, it may be desirable to maintain the number of groups associated with each of the resources when the UE groups are rotated.
Proposal 8: The number of UE groups associated with each resource is maintained when rotating each UE group among different WUS resources.
In addition to the cell-specific DRX cycle that may be configured for some of the UEs in the cell, it is also necessary to take into account UE-specific DRX cycles that may be configured for other UEs when rotating UE groups among the WUS resources. With configuration of UE-specific DRX cycle, all UEs in the cell may not monitor the PO at the same rate. In order to ensure rotation of WUS resources at the same rate for all UEs, a common rotation period must be chosen. The highest value among the cell-specific and all the UE-specific DRX cycle lengths can be considered as the WUS resource rotation period, since the highest value is a multiple of all other DRX cycle lengths. With this, WUS resource rotation is performed once every DRX cycle for UEs with a DRX cycle length equal to the selected value (i.e., the largest DRX cycle length). For UEs with a shorter DRX cycle, WUS resource rotation is performed once for a multiple of the DRX cycle period.

Proposal 9: Use the highest value among the cell-specific and all the UE-specific DRX cycle lengths in the predefined method for WUS resource rotation.
3 Conclusions

In this contribution, the UE-group WUS for MTC is discussed. The following proposals are made.

Proposal 1: RAN4 studies whether the maximum power boost in each of the WUS resources should be limited to less than 4.8 dB when multiple orthogonal WUS resources are configured in the frequency domain.
Proposal 2: Eight WUS resource patterns are supported, as illustrated in Figures 1 to 8, where each pattern defines the WUS resource locations both when the Rel-15 WUS is configured and when it is not configured, which may be different.
Proposal 3: WUS resources excluding the legacy WUS are sequentially assigned IDs first in frequency (low to high) and then in time (starting in the WUS time period closest to the paging occasion and going backwards).

Proposal 4: If the legacy WUS is configured in one of the resources, sharing of this resource with the Rel-16 WUS is configured through assignment of Rel-16 UE groups to WUS resources.

Proposal 5: The network can separately enable or disable operation of Rel-15 WUS and Rel-16 UE-group WUS in each cell.

Proposal 6: Support fallback to Rel-15 WUS in a cell if it is enabled and if Rel-16 WUS is disabled in the cell.

Proposal 7: The Rel-16 WUS sequence assigned to a group depends on its group ID.

Proposal 8: The number of UE groups associated with each resource is maintained when rotating each UE group among different WUS resources.

Proposal 9: Use the highest value among the cell-specific and all the UE-specific DRX cycle lengths in the predefined method for WUS resource rotation.
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