3GPP TSG RAN WG1 Meeting #98bis
R1-1910245
Chongqing, China, October 14th – 20th, 2019
Agenda item:

6.2.1.1
Source:
Nokia, Nokia Shanghai Bell
Title:
UE-group wake-up signal for MTC
Document for:

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 #97 the following agreements were also made related to UE-group WUS for MTC [1]:
Agreement

Support the following options for WUS resource configuration

· Up to 2 orthogonal resources may be configured in time domain.

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

· FFS: both options can be configured simultaneously to have up to 4 orthogonal WUS resources

Maximum total number of WUS resources is no larger than 4 including the legacy WUS resource

Working Assumption

· UE assumes 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

Each UE monitors up to X WUS sequences. 

· Value of X will be selected between 2 and 3

· X=3 can only be supported if a common WUS for a subset of UE groups for service-based grouping is supported

In RAN1 #98, the following agreements were also made [2]:
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 this contribution, we provide our views on the UE-group WUS for MTC and make some proposals.
2 Discussion
2.1 WUS resource configuration and multiplexing
In RAN1 #96, it was agreed that a UE is required to monitor WUS(s) in only WUS resource location and that single-sequence CDM is used if more than one UE group is configured to monitor the same resource. It was agreed to downselect from the following options for resource configuration.
· Up to 2 orthogonal WUS resources may be configured in time domain

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

· Up to 2 orthogonal WUS resources may be configured per dimension (up to 4 orthogonal WUS resources in total)

· Up to 2 orthogonal WUS resources may be configured either in time or frequency domain (only one of the two can be configured)

In RAN1 #97, it was agreed to support both the first and the second options. That is, 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. To maintain the same range as the Rel-15 WUS, the power of the Rel-16 WUS must also be boosted by the same amount. This is particularly true when two orthogonal resources in the time domain are configured for the Rel-15 WUS and the Rel-16 WUS.
Proposal 1: When two orthogonal WUS resources are configured in the time domain, a maximum power boost of 4.8 dB is supported for the WUS in each resource.

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 multiple orthogonal WUS resources are configured in the frequency domain.
Proposal 2: RAN4 studies whether the maximum power boost in each of WUS resources should be limited to less than 4.8 dB when multiple orthogonal WUS resources are configured in the frequency domain.
It has been agreed that up to 4 orthogonal WUS resources can be configured including the legacy WUS resource. Different cases can be considered as below based on how many WUS resources are configured.
Case 1: single WUS resource

In this case, the Rel-16 WUS and the Rel-15 WUS share the single WUS resource WUS0.
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Case 2: Two orthogonal WUS resources in the time domain

In this case, the later WUS resource WUS0 is used for the Rel-15 WUS and may or may not be shared with the Rel-16 WUS. The earlier WUS resource WUS1 is used for only Rel-16 WUS. It is also possible to consider separate sub-cases depending on whether the two WUS resources occupy the same PRBs or non-overlapping PRBs. While there is no benefit from also allowing the WUS resources to occupy non-overlapping PRBs, the potential disadvantage is the need to support an additional pattern. 
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Observation 1: When two orthogonal WUS resources are configured in the time domain, there is no benefit from configuring the WUS resources in non-overlapping PRBs.
Case 3: Two orthogonal WUS resources in the frequency domain

In this case, one WUS resource is used for Rel-15 WUS and may or may not be shared with the Rel-16 WUS. The other WUS resource is used for only the Rel-16 WUS. There is no benefit from configuring the two WUS resources in non-contiguous PRBs.
[image: image3.emf]WUS0

Time

Frequency

WUS1


Observation 2: When two orthogonal WUS resources including the legacy WUS resource are configured in the frequency domain, there is no benefit from configuring the WUS resources in non-contiguous PRBs.
Case 4: Three orthogonal WUS resources in the frequency domain

In this case, one WUS resource is used for only the Rel-15 WUS and the other two WUS resources are used for only the Rel-16 WUS.
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Case 5: Three orthogonal WUS resources in the time and frequency domain

This case consists of WUS resources multiplexed in time and frequency. Here again, one of the WUS resources (in the later time slot) is used for the Rel-15 WUS and may or may not be shared with the Rel-16 WUS. Two main sub-cases may be considered corresponding to whether or not the WUS resource used for Rel-15 WUS is frequency multiplexed with a WUS resource used only for Rel-16 WUS. In sub-case (a), two WUS resources for Rel-16 WUS are configured in the earlier time slot and a single WUS resource (WUS0) is configured in the later time slot. This WUS resource may or may not be shared with the Rel-16 WUS. In sub-case (b), one WUS resource for Rel-16 WUS is configured in the earlier time slot and two WUS resources are configured in the later time slot, one of which is used for Rel-15 WUS and may or may not be shared with the Rel-16 WUS. Sub-case (b) provides an advantage over sub-case (a) in that UEs corresponding to only one Rel-16 WUS resource need to wake up earlier to monitor the WUS. Further sub-cases may again be considered depending on whether the single WUS resource in a time slot overlaps in frequency with the WUS resources in the other time slot. The pros and cons are the same as in case 2.  
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Observation 3: It is slightly more advantageous to configure more WUS resources in the later time slot from a wake-up time perspective.
Case 6: Four orthogonal WUS resources in the time and frequency domain

In this case a total of four orthogonal WUS resources, including the legacy WUS resource, are configured. There are mainly two ways in which to configure four orthogonal resources, as represented by sub-cases (a) and (b). In sub-case (a), each of the two time slots is configured with two frequency multiplexed resources. In this case, one of the WUS resources in the later time slot is used for the Rel-15 WUS and may or may not be shared with the Rel-16 WUS, while the other WUS resources are used exclusively for the Rel-16 WUS. It is possible to consider further sub-cases depending on whether the WUS resources in the two time slots are fully overlapping in frequency or not as well sub-cases corresponding to non-contiguous WUS resources in each time slot. There is no benefit from allowing the WUS resources to be only partially overlapping. In sub-case (b), which is possible only when the WUS resource used for the legacy WUS is not shared with the Rel-16 WUS, the later time slot is configured with three WUS resources and the earlier time slot is configured with a single WUS resource. One of the WUS resources is reserved for the Rel-15 WUS, while the remaining WUS resources are used for the Rel-16 WUS. One advantage of sub-case (b) over sub-case (a) is that fewer Rel-16 UEs have to wake up early to monitor the WUS since there is a single WUS resource in the earlier time slot. The disadvantage is the potential impact of the large power boosting that would be required in the second time slot. Feedback from RAN4 on the power boosting issue can be taken into account when determining whether sub-case (b) should be supported.
Observation 4: Configuration of four orthogonal WUS resources in the time and frequency domain with three WUS resources in a single time slot has both advantages and disadvantages.
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Based on the above discussion, we make the following proposal with respect to configuration of multiple WUS resources.
Proposal 3: When WUS resources are configured in two time slots, support only WUS resource configurations in which one of the following two applies:

· in case the number of WUS resources configured in two orthogonal time slots is the same, the WUS resources are completely overlapping in frequency;

· in case the number of WUS resources configured in two orthogonal time slots is not the same, the WUS resources are not non-overlapping. 

A related issue is whether the Rel-16 WUS resources should be configured separately from the legacy WUS resource. When one of the resources configured for Rel-16 WUS is shared with the legacy WUS, then a separate resource for the legacy WUS is not needed. On the other hand, when the legacy WUS resource is not shared with Rel-16 WUS, multiplexing of WUS resources used for Rel-16 WUS with the resource for the legacy WUS must be considered using one of the configuration patterns discussed above. Rather than configure WUS resources depending on whether or not resources are shared between legacy WUS and Rel-16 WUS, it may be better to indicate the combined WUS resources and flexibly configure how the resources are used – i.e., whether one of the WUS resources is shared between the legacy WUS and the Rel-16 WUS. Sharing of a WUS resource between the legacy WUS and Rel-16 WUS can be handled implicitly through assignment of Rel-16 groups to WUS resources, as discussed in the next section.
Proposal 4: The Rel-16 WUS resource configuration that is signaled includes the legacy WUS resource irrespective of how the Rel-16 WUS is multiplexed with the legacy WUS.
Both transmit power and maximum WUS duration for the Rel-16 WUS are the same as that for the Rel-15 WUS. Therefore, if a single WUS resource is configured in the time domain (with either 1 or 2 orthogonal WUS resources in the frequency domain), the WUS resource configuration must be the same as for the Rel-15 WUS to allow sharing of the resource between Rel-15 WUS and Rel-16 WUS. If 2 orthogonal resources are configured in the time domain, the configuration for the later WUS resource must be the same as for the Rel-15 WUS to allow sharing. The start time of the earlier WUS resource must precede the start time of the later WUS resource by at least the maximum WUS duration. An additional configurable offset can be considered for providing the flexibility to introduce a gap between the two resources. Considering the above discussion on the total number of WUS resources.
Proposal 5: Rel-16 WUS location in relation to legacy WUS is configured such that:

· If one WUS resource is configured in the time domain, that WUS resource is configured to coincide with the legacy WUS resource, and,

· If WUS resources are configured in two time slots, the first time slot coincides with the time duration for the legacy WUS resource and the second time slot occurs before the first Rel-16 WUS resource.
· FFS introduction of a configurable gap between the two resources.
· Sharing of a WUS resource between legacy WUS and Rel-16 WUS is configured through assignment of Rel-16 UE groups to WUS resources.
2.2 UE grouping considerations

If the number of UE groups is configured to be 1, then the WUS operation of Rel-16 UEs is similar to that of Rel-15 UEs. It would still be desirable to allow separate WUSs for Rel-15 and Rel-16 UEs as this is natural approach for grouping UEs, thereby reducing false wake-up.

Proposal 6: Support configuration of a single group for Rel-16 UEs associated with a Rel-16 WUS. 

It should also 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 7: The network can separately enable or disable operation of Rel-15 WUS and Rel-16 UE-group WUS in each cell.

Proposal 8: Support fallback to Rel-15 WUS in a cell if it is enabled and if Rel-16 WUS is disabled in the cell.

It was agreed in RAN1 #98 that up to 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 9: The Rel-16 WUS sequence assigned to a group depends on its group ID.

It is possible to consider whether the same sequence may be mapped to groups in different resources since a UE is required to monitor only a single WUS resource. When the UE wakes up after a long sleep period, the clock drift causes a time/frequency uncertainty due to which the UE may detect the sequence in a different resource. In Rel-15, to overcome timing uncertainties, the start time of the PO with which the WUS is associated is encoded in the sequence. In Rel-16, if the same sequence is allowed to be used in different WUS resources associated with a PO, the WUS would need to carry further information on the location of the resource. One way to achieve this is through using a different scrambling initialization for the WUS sequences in each resource, as proposed in the working assumption in RAN1 #98bis, where the 2 MSBs of the scrambling initialization may be used to identify the up to 4 orthogonal WUS resources that may be configured. Therefore, the UE needs to know both its group ID (to determine its WUS sequence) and its WUS resource ID (to determine its scrambling).

Proposal 10: Confirm the following working assumption:

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

There was also an agreement in RAN1 #98 that the specification supports configurability to enable UE groups to be changed among WUS resources. That is, it should be possible to move an entire group from one WUS resource to another. Therefore, UE groups are not statically mapped to WUS resources. One reason to reassign UE groups to different WUS resources is so UEs belonging to only some groups are not disadvantaged by being assigned to the earlier time slot (where they have to wake up early) in the case of time multiplexed WUS resources. When a UE group is reassigned to a new resource, the WUS sequence for the group remains the same, but the new resource ID for the group must be known to the UE to determine the scrambling. A simple approach to achieve this is through periodic rotation of UE groups among resources, which does not require explicit signaling. For some UEs, however, it may be critical to always wake up as late as possible and hence belong to a group that is semi-statically assigned to the later time slot. On the other hand, it may also be acceptable for some other UEs to wake up to monitor the WUS in the earlier time slot for an extended period of time. In such cases, it would be desirable to explicitly signal a change in the assignment of the WUS resource to the UE group by the higher layer in order to determine the scrambling initialization for the new resource. If change in WUS resource is implicitly supported, higher layer signaling can indicate whether it is applicable to each UE group. Explicit higher layer signaling also provides more flexibility in assigning groups to WUS resources. 
Proposal 11: The assignment of UE groups to WUS resources is supported through at least explicit higher layer signaling. FFS implicit support.

UE group ID = UE_ID mod G.
This approach for distribution of UEs among groups results in approximately the same number of UEs in each group. Even with configuration of two orthogonal WUS resources in the time domain, multiple groups may be supported through single-sequence CDM in each resource. UEs belonging to groups assigned the earlier WUS resource wake up earlier to monitor the corresponding UE-group WUS than UEs belonging to groups assigned the later WUS resource. To mitigate this disadvantage, the eNB can assign fewer UEs to the groups associated with the earlier WUS resource through non-uniform distribution of UEs among groups. The eNB can control this grouping through grouping parameters in system information. Thus, division of UEs among different groups can still be based on UE ID but it can be non-uniform based on parameters signaled by the eNB rather than based on the above uniform distribution approach. Alternatively, non-uniform distribution of groups of a similar size among the WUS resources can be supported.
Proposal 12: Consider support for controlling relative UE group sizes or the number of groups associated with different WUS resources.
3 Conclusions

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

Observation 1: When two orthogonal WUS resources are configured in the time domain, there is no benefit from configuring the WUS resources in non-overlapping PRBs.
Observation 2: When two orthogonal WUS resources including the legacy WUS resource are configured in the frequency domain, there is no benefit from configuring the WUS resources in non-contiguous PRBs.
Observation 4: Configuration of four orthogonal WUS resources in the time and frequency domain with three WUS resources in a single time slot has both advantages and disadvantages.

Proposal 1: When two orthogonal WUS resources are configured in the time domain, a maximum power boost of 4.8 dB is supported for the WUS in each resource.

Proposal 2: RAN4 studies whether the maximum power boost in each of WUS resources should be limited to less than 4.8 dB when multiple orthogonal WUS resources are configured in the frequency domain.
Proposal 3: When WUS resources are configured in two time slots, support only WUS resource configurations in which one of the following two applies:

· in case the number of WUS resources configured in two orthogonal time slots is the same, the WUS resources are completely overlapping in frequency;

· in case the number of WUS resources configured in two orthogonal time slots is not the same, the WUS resources are not non-overlapping. 

Proposal 4: The Rel-16 WUS resource configuration that is signaled includes the legacy WUS resource irrespective of how the Rel-16 WUS is multiplexed with the legacy WUS.
Proposal 5: Rel-16 WUS location in relation to legacy WUS is configured such that:

· If one WUS resource is configured in the time domain, that WUS resource is configured to coincide with the legacy WUS resource, and,

· If WUS resources are configured in two time slots, the first time slot coincides with the time duration for the legacy WUS resource and the second time slot occurs before the first Rel-16 WUS resource.
· FFS introduction of a configurable gap between the two resources.
· Sharing of a WUS resource between legacy WUS and Rel-16 WUS is configured through assignment of Rel-16 UE groups to WUS resources.

Proposal 6: Support configuration of a single group for Rel-16 UEs associated with a Rel-16 WUS. 

Proposal 7: The network can separately enable or disable operation of Rel-15 WUS and Rel-16 UE-group WUS in each cell.

Proposal 8: Support fallback to Rel-15 WUS in a cell if it is enabled and if Rel-16 WUS is disabled in the cell.

Proposal 9: The Rel-16 WUS sequence assigned to a group depends on its group ID.

Proposal 10: Confirm the following working assumption:

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

Proposal 11: The assignment of UE groups to WUS resources is supported through at least explicit higher layer signaling. FFS implicit support.
Proposal 12: Consider support for controlling relative UE group sizes or the number of groups associated with different WUS resources.
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