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1 Introduction

The WID of Rel-16 enhancements for NB-IoT and the WID of Rel-16 MTC enhancements for LTE were approved in RAN#80. The WIDs have been revised and the lasted ones are approved in RAN#83 [1][2]. In which, the following objective is included:

	Improved DL transmission efficiency and/or UE power consumption:

· Specify support for UE-group wake-up signal (WUS) [RAN1, RAN2, RAN4]


In RAN2#107 meeting, it was agreed to have an email discussion on this topic:

· [107#57][NB-IoT/eMTC R16] Configuration details of UE-ID and paging probability based WUS groups (ZTE)

Intended outcome: Report to the next meeting

Deadline:  Thursday 2019-10-03

This report gives a summary of this email discussion.

2 Background

In R15, WUS has been introduced for NB-IoT and eMTC which can be used in idle mode to reduce the power consumption related to paging monitoring.

In TS 36.331, the WUS configuration for NB-IoT is broadcasted in SIB2-NB and its content is as follows:

	WUS-Config-NB information element

-- ASN1START

WUS-Config-NB-r15 ::=


SEQUENCE {


maxDurationFactor-r15


WUS-MaxDurationFactor-NB-r15,


numPOs-r15





ENUMERATED {n1, n2, n4}

DEFAULT n1,


numDRX-CyclesRelaxed-r15

ENUMERATED {n1, n2, n4, n8},


timeOffsetDRX-r15



ENUMERATED {ms40, ms80, ms160, ms240},


timeOffset-eDRX-Short-r15

ENUMERATED {ms40, ms80, ms160, ms240},


timeOffset-eDRX-Long-r15

ENUMERATED {ms1000, ms2000}
OPTIONAL,
-- Need OP

    ...

}

WUS-ConfigPerCarrier-NB-r15 ::=
SEQUENCE {


maxDurationFactor-r15


WUS-MaxDurationFactor-NB-r15
}

WUS-MaxDurationFactor-NB-r15 ::= ENUMERATED {one128th, one64th, one32th, one16th, 

oneEighth, oneQuarter, oneHalf}

-- ASN1STOP




And the WUS configuration for eMTC is broadcasted in BR version of SIB2 and its content is as follows:

	WUS-Config information element
-- ASN1START

WUS-Config-r15 ::=



SEQUENCE {


maxDurationFactor-r15


ENUMERATED {one32th, one16th, one8th, one4th},


numPOs-r15





ENUMERATED {n1, n2, n4, spare1}

DEFAULT n1,


freqLocation-r15



ENUMERATED {n0, n2, n4, spare1},


timeOffsetDRX-r15



ENUMERATED {ms40, ms80, ms160, ms240},


timeOffset-eDRX-Short-r15

ENUMERATED {ms40, ms80, ms160, ms240},


timeOffset-eDRX-Long-r15

ENUMERATED {ms1000, ms2000}

OPTIONAL
-- Need OP

}

WUS-Config-v1560 ::=


SEQUENCE {


powerBoost-r15




ENUMERATED {dB0, dB1dot8, dB3, dB4dot8}

}

-- ASN1STOP




According to the WUS configuration, the UE can expect WUS repetitions during the configured maximum WUS duration but the actual WUS transmission can be shorter, e.g. for UE in good coverage. The UE does not monitor WUS during the non-zero "Gap", e.g., the time offset between end of WUS and start of the first PO of the numPOs POs. Such gap parameter is configured according to different UE types (DRX UE or eDRX UE). And for the eDRX UE, also two kinds of gap, e.g., timeoffset-eDRX-Short or timeoffset-eDRX-Long can be configured.
As R15 WUS signal would be monitored by all the UEs, at least the UEs with same gap, there still has concern on the (high) possibility of false paging alarm, e.g., the possibility that a UE which has no intended paging is waken up by a WUS signal. In R16, in order to further reduce false paging alarm and improve UE power saving, further grouping UE for WUS monitoring would be specified. 
3 Discussion
In RAN2#103bis meeting, RAN2 has agreed UE_ID based grouping would be supported for UE-Group based WUS. In RAN2#104~RAN2#105, RAN2 has discussed the feasibility of additional grouping based on DRX/eDRX, coverage or service-type, and decided only service-type based WUS grouping can be further evaluated. In RAN2#106~RAN2#107, RAN2 further discuss the benefit of service-type based WUS grouping with consideration on two different attributes for deriving service-type, e.g., paging probability and mobility. With cooperation of SA2, RAN2 has agreed to support paging probability based WUS grouping. The related agreements are as follows [3]:

	RAN2#103bis agreements:

·  At least UE_ID based grouping is supported for UE-Group based WUS. This doesn’t exclude other options.

RAN2#107 agreements:

·  Paging probability information is negotiated between the UE and MME via NAS signalling

·  This paging probability information needs to be provided by S1 paging 

·  eNB configures, via broadcast, the relation between this paging probability information and WUS group on Uu interface.


RAN1 also discuss the design for R16 WUS resource and some of the agreements [4] have impacts or requirements on higher layer configuration. In the following sections, some of the agreements will be referred if necessary.

Based on all the achieved agreements, in the following sections, we will discuss configuration details of UE-ID and paging probability based WUS groups, for NB-IoT and eMTC separately. Before discussion on specific issues for UE-ID and paging probability based WUS groups, we think it’s also necessary to discuss some general aspects for R16 WUS configuration. During the discussion, some ASN.1 examples are provided just for better understanding the possible configuration options. There has no intention to discuss their details.
3.1 NB-IoT
3.1.1 General aspects
With R15 WUS configuration, it can be seen that a WUS resource is configured per paging carrier, i.e. different WUS configuration possible for each paging carrier configured in a cell. WUS resource for one paging carrier is common for all the UEs using that paging carrier

. Moreover, in order to guarantee the UEs with different gap types can detect the WUS, an implicit differentiation is that up to three WUS signals may be sent before a certain PO. An example of such WUS timing can be found in following Figure 1:
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Figure 1: WUS timing
In R16, RAN1 has agreed that up to 2 time-multiplexed WUS resources may be configured for NB-IoT for each gap. The related agreements are as follows:
	RAN1#96bis agreement:

Up to 2 time-multiplexed WUS resources, for both legacy WUS and group WUS, may be configured. FFS whether a group WUS resource may be shared with legacy WUS or not.
Group WUS location in relation to legacy WUS may be configured such that:

· If one group WUS resource is configured, that group WUS resource may be configured to coincide with the legacy WUS resource or to occur immediately before the legacy WUS resource, and,

· If two group WUS resources are configured, the first group WUS resource coincides with the legacy WUS resource and the second group WUS resource occurs immediately before the first group WUS resource.
RAN1#98 agreement:

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


According to RAN1 agreements and with reference to the R15 WUS configuration, the first issue is how to provide R16 WUS resources configuration. We assume a separate R16 WUS configuration may be needed for providing separate configuration of R16 WUS resources. 
Q1. Whether a new R16 WUS configuration, e.g., WUS-Config-NB-r16, would be defined in SIB, e.g., SIB2-NB? 

	Company
	Yes/No
	Comments

	ZTE
	Yes
	As RAN1 has agreed to introduce more WUS resources to support the new feature about further grouping UE for WUS monitoring, we think a new optional R16 WUS configuration container is needed, similar as WUS-Config-NB-r15 for R15 WUS configuration, in the SIB2-NB.

	Nokia
	Yes
	New optional parameter should contain only additional information related to WUS resource location and mapping to group. Many parameters Rel-15 WUS configuration is applicable to GWUS also as common. These parameters need not to be repeated in the new container.

	Lenovo
	Yes
	A new R16 WUS configuration is needed, similar as WUS-Config-NB-r15 configuration in SIB2-NB.

	Huawei, HiSilicon
	Yes
	We assume it is possible for the eNB to only support Rel-16 WUS. Thus a new WUS-Config-NB-r16 is needed.

	Intel
	Yes
	Rel-15 WUS and Rel-16 WUS can share WUS resource. Note that the DRX offset, maxDurationFactor and numPOs can be just used from the WUS-Config-r15 (see RAN1 agreement and Q4 below).

	Qualcomm
	Yes
	It should be possible to configure R15 only WUS, R16 only WUS or both R15 and R16. When both R15 and R16 WUS are present then it should be possible to reuse one or more parameters from R15 WUS.

	SONY
	Yes
	Yes, new configuration parameters would be needed to support the mapping from WUS group to WUS resource.

	Ericsson
	Yes
	It should be possible for the eNB to support only Rel-16 WUS.

	Sequans
	Yes
	Since this is a common config, a SIB is a natural choice. A new R16 container will be needed; some parameters can be used form the R15 container, if available, but the case where  R15 WUS is not configured should be possible as well


(Rapporteur note: the summary and proposals in this section 3.1 would be mainly for NB-IoT. For simplicity, we don’t repeat NB-IoT for each proposal. And based on discussion in section 3.2, we can finally indicate whether a proposal can also be applied to eMTC in the summary section 4)
Summary:

All of 9 companies agree a new optional R16 WUS configuration container is needed. And SIB is a natural choice. Whether it’s still SIB2 can be discussed in stage-3.
Proposal 1: A new optional R16 WUS configuration, e.g., WUS-Config-NB-r16, can be defined in SIB message.

4 companies (HW, QC, Ericsson, Sequans) explicitly indicate it should be possible for the eNB to configure only Rel-16 WUS. 

Proposal 2: RAN2 needs to discuss whether it should be possible for the eNB to configure only Rel-16 WUS.

4 companies (Nokia, Intel, QC, Sequans) explicitly indicate some parameters (e.g., DRX offset, maxDurationFactor and numPOs) in R15 WUS configuration (if available) can be applicable to or reused by R16 WUS configuration. These comments can be further referred in the summary for Q4.

==================================================================================
Moreover, as RAN1 has agreed that up to 2 time-multiplexed WUS resources and maximum 8 UE groups for each WUS resource would be configured, it may be straightforward to firstly configure a R16 WUS resource list, e.g., with up to 2 entries and then configure UE groups within each WUS resource. Another indirect way may be to firstly configure a UE group list, e.g., with up to 16 (2*8) entries and then configure WUS resource for each UE group. 
Considering there may exist requirement to allow different number of UE groups for each WUS resource, for example, if 2 time-multiplexed WUS resources are configured and there have more R15 UEs, it may be needed to configure less UE groups for the R16 WUS resource which is overlapping with R15 WUS resource, in our understanding the straightforward way may be a better option as it can more easily meet this configuration requirement. Moreover, as several UE groups can be on the same WUS resource and with the indirect way, the WUS resource would be configured for each group, there may exists redundant WUS resource configuration in the indirect way that would cause signaling inefficiency.
Q2. Whether a R16 WUS resource list, e.g., with up to 2 entries is needed in the R16 WUS configuration?
	Company
	Yes/No
	Comments

	ZTE
	Yes
	Take into account some of the above analysis, we prefer to introduce a R16 WUS resource list as the basic configuration element.

	Nokia
	No
	Single list of WUS resource for group based WUS can be defined with each WUS sequence also have additional indication about its location with reference to the PO. Two separate list for TDM configuration is not needed. Details can be discussed as part of stage-3 discussion. If the location coincides with Rel-15 WUS it implicitly indicates that one of the TDM resource coincides with the Rel-15 WUS location.

	Lenovo
	Yes
	Each entry is associated to a WUS resource. The configuration for each WUS resource could be different.

	Huawei, HiSilicon
	FFS
	List is only used when the entries inside are same/similar with each other. 

If the entries are different, better to have separate configuration, for example:

LegacyResourceConfiguration   OPTIONAL -- NEED OR

NewResourceConfiguration OPTIONAL -- NEED OR

	Intel
	Yes
	It is important to consider that UE is not required to monitor two WUS resources, but it needs to monitor two WUS sequences. 

Therefore, there should be first configuration list of WUS groups (two in NB-IoT and four in eMTC). In each of the list, there needs to WUS sub groups (WUS sequences) among which one sequence is for WUS common (can be Rel-15 WUS) and other is assigned for further WUS sub grouping.

How to map UE to WUS group and sub group has not been discussed yet (FFS the entry to the list corresponds to UE ID based group or paging probability based group).

	Qualcomm
	FFS
	Important to first decide what R16 parameters can be different amongst WUS resources on the same carrier (e.g. can each WUS has different number of WUS groups, support/not support WUS resource hopping, UE-ID and/or service based UE distribution within the resource). 

	SONY
	Yes
	This means two resource list for NB-IoT and up to 4 resource list for eMTC. 

	Ericsson
	FFS
	There may not be a need to treat resources separately, i.e., it may be treated as one. For example, if two resources and 8 groups per resource are configured, UEs can be assigned to WUS groups 0-15.

	Sequans
	Yes
	Agree in principle that it makes more sense to have first the resources, then the groups, but it remains to be seen how much difference can there actually be between them. 


Summary:

Among 9 companies:

·    5 companies (ZTE, Lenovo, Intel, SONY, Sequans) have similar thinking that it makes more sense to firstly configure WUS resources (list) and then WUS groups/WUS sequences (list) within each WUS resource. Here one company mentions different naming of such configuration, e.g., firstly WUS group and then WUS sub group/WUS sequence. We understand the high level concept may be similar. Moreover, companies think for the number of WUS resources (or the number of entry in the WUS resources list), it’s straightforward to set 2 for NB-IoT and 4 for eMTC.

·    2 companies (HW and QC) may also think about such configuration as firstly WUS resource and then WUS groups. But they think it may be better to firstly clarify the possible content of WUS resources, e.g, how identical or different the configuration of these (2 or 4) WUS resources are. Here 1 company also mention such configuration would be perw1 carrier. 

·    2 companies (Nokia and Ericsson) have similar thinking that it may not need to treat resources separately, i.e., it may be treated as one. Such only one (WUS resource) list may include all the WUS groups/WUS sequences. Here 1 company also mentions for each WUS sequence, it may have an additional indication about its location which can be used to indicate the WUS resource related information. 
Proposal 3: For NB-IoT, RAN2 can take this as working assumption for further discussion: A R16 WUS resource list, e.g., with up to 2 entries is needed in the R16 WUS configuration.

==================================================================================
Based on the above RAN1 agreements for WUS resource, there have the following understanding for R16 NB-IoT WUS resource patterns:

	Number of WUS resources
	Pattern
	Group WUS resource location in relation to legacy WUS resource

	One group WUS resource 
	1(a)
	the resource is immediately before the R15 WUS resource 

	
	1(b)
	the resource is completely overlapping with R15 WUS resource

	Two group WUS resources
	2
	the resources are completely overlapping with and immediately before the R15 WUS resource
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In [10], they also give the following figures to depict such high level RAN1 group WUS resource design:
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Figure 2: One group WUS resource configured, (a) TDMed, (b) CDMed.

Figure 3: Two group WUS resources configured

With the above explanation for RAN1 agreements, we think for a R16 WUS resource, an indication may be needed for indicating which time-multiplexed pattern is configured, e.g., overlapping with legacy WUS resource or being adjacent to the legacy WUS resource with an offset in time domain (to indicate how “immediately” before the R15 WUS resource). 
Per our understanding, when R16 group WUS resource and legacy WUS resource are adjacent in time domain, their relative position is fixed, e.g, such time domain offset can be predefined in RAN1 specification and no higher layer configuration is needed. 
Q3. Whether an explicit indication is needed for indicating which time-multiplexed pattern is configured for a WUS resource? E.g., a simple ENUMERATED type parameter to indicate overlapping with legacy WUS resource or being adjacent to the legacy WUS resource?
	Company
	Yes/No
	Comments

	ZTE
	Yes
	We think an explicit indication is needed. Only simple indicator for indicating the time-multiplexed mode is enough, e.g., the value of “legacy” means overlapping with legacy WUS resource and the value of “new” means being adjacent to the legacy WUS resource. There has no need of additional configuration, unless required by RAN1 later.

	Nokia
	No
	The new configuration can include the location with respect to PO. This can be used implicitly to indicate the overlapping for one set of resources.

	Lenovo
	No
	The explicit configuration of the R16 WUS resource is desired to indicate the overlapping for the legacy WUS..

	Huawei, HiSilicon
	FFS
	We agree that the UE needs to know the location of the resource. It is too early to discuss ASN.1 details.

	Intel
	Yes
	Since the total number of WUS group resources (not sub grouping), is 2 in time domain, one of the WUS group resources can include Rel-15 WUS as a common WUS group.

We prefer to indicate whether resource is same in time domain (i.e. shared with legacy) or not. If not, the starting subframe of WUS occasion is ahead of legacy Rel-15 WUS by max WUS duration indicated by maxDurationFactor.

	Qualcomm
	FFS
	UE needs to know location of the R16 resource only if there is R15 WUS and only one R16 WUS resource (i.e. need to differentiate between scheme (a) and (b) in Figure 3.

For the case of two R16 WUS resources it is clear one resource overlaps with R15 resource and the other happens immediately before.

	SONY
	No
	Only implicit indication in relation to PO would be needed.

	Ericsson
	FFS
	The discussion regarding possible resource configurations is still ongoing in RAN1.

	Sequans
	FFS
	Depends on how we do the config itself, so it’s too early to say. Only 1a and 1b need to be distinguished,


Summary:

Among 9 companies:

·    4 companies (Nokia, Lenovo, SONY, and maybe QC) think no need of explicit indication but the location of R16 WUS resource with respect to PO can be an implicit indication. Moreover, here 1 company think such location parameter may be only needed in the cases that only one WUS resource is configured.

·    2 companies (ZTE, Intel) think explicit indication may be needed for indicating time-multiplexed pattern for a WUS resource. Per our understanding, such explicit indication may be similar as the above mentioned parameter, e.g., location of R16 WUS resource. 

·    3 companies (HW, Ericsson, Sequans) think it’s too early to discuss such indication.

Proposal 4: RAN2 needs to discuss whether a location information of R16 WUS resource, e.g., overlapping with legacy WUS resource or being adjacent to the legacy WUS resource need to be defined.

==================================================================================RAN1 also has the following agreements about other parameters for WUS resource configuration:

	RAN1#95 agreement:

Rel-16 group WUS uses the same gap configurations as for Rel-15 legacy WUS except for differences from possible TDM.

·  No new gap higher layer signaling will be introduced for TDM
RAN1#98 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 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


According to the above agreements, we think maximum duration, time offset for different gap types and transmit power for Rel-16 WUS sequence are not needed in R16 WUS resource configuration. 

We also assume R15 WUS configuration provision would be needed when network provides R16 group WUS configuration so that maximum duration configuration and time offset parameters for R15 legacy WUS can be re-used for R16 WUS resource configuration

. 
Q4. Can it be agreed the following parameters, maximum duration, time offset for different gap types and transmit power for Rel-16 WUS sequence don’t need to be configured for the R16 WUS resource?
	Company
	Yes/No
	Comments

	ZTE
	Yes
	Agree there has no need of maximum duration, time offset for different gap types and transmit power for Rel-16 WUS sequence for the R16 WUS resource. The related parameters in R15 legacy WUS can be re-used for R16 WUS resource configuration.

	Nokia
	Yes
	The common parameters between Rel-15 WUS and Rel-16 WUS needs to be finalised during RAN2-107bis. For example, whether the same maximum duration value of Rel-15 WUS is applicable for GWUS where more sequences sharing same resource depends on RAN1 agreements.

	Lenovo
	Yes
	The common parameter could be reused in R16 WUS, if UE in R15 needs to read the configuration of R15 WUS.

	Huawei, HiSilicon
	Yes from RAN2 point of view
	RAN2 can assume the following parameters are common. But final decision should be made by RAN1.

	Intel
	Yes
	We also think the parameters can be common including numPOs. Except for eMTC where freqLocation-r16 needs to be indicated differently.

	Qualcomm
	Yes
	If there is R15 WUS resource is configured, then these parameters are not needed in R16 WUS configuration.

If there is no R15 WUS resource configured, then all these parameters need to be included in at least one R16 WUS resource configured for the NB-IoT carrier.

	SONY
	Yes
	Ok, from RAN2, the common parameters can be used, as agreed in RAN1.

	Ericsson
	Maybe
	It should be possible for the eNB to configure only Rel-16 WUS, but if Rel-15 WUS is configured, there may not be a need for the common parameters mentioned above to be provided multiple times unless RAN1 sees a need to do so.

	Sequans
	Yes
	If R15 WUS is configured, then the common parameters (still not finalized) should be reused


Summary:

Almost all the 9 companies agree some parameters, e.g., maximum duration, time offset for different gap types, numPOs and transmit power for WUS sequence can be common for both R15 and R16 WUS configuration. Also more companies think in some cases, these parameters can be omitted from R16 WUS configuration and the parameters in R15 WUS configuration can be reused by R16 WUS configuration. In other cases, e.g., only R16 WUS is provided, all these parameters still need to be configured.

Observation 1: Based on RAN1 agreements, RAN2 assume some parameters, e.g., maximum duration, time offset for different gap types, numPOs and transmit power for WUS sequence can be common for both R15 and R16 WUS configuration. 

Proposal 5: All the parameters, maximum duration, time offset for different gap types, numPOs and transmit power for WUS sequence need to be configurable in at least one R16 WUS resource. 

Proposal 5a: If both R15 and R16 WUS are configured, it’s allowed to omit these parameters in R16 WUS configuration and the parameters in R15 WUS configuration can be reused for R16 WUS configuration.

==================================================================================
As mentioned in the discussion for Q2, it may be straightforward to firstly configure a R16 WUS resource list, e.g., with up to 2 entries and then configure UE groups within each WUS resource. RAN1 also has the following agreements on configuration for UE groups:

	RAN1#95 agreement:

UE group ID is used as a parameter to generate WUS UE group sequence(s)

One group WUS is designed as a single sequence.
The number of UE groups is configurable and broadcasted in SIB.

· FFS: Further details on the number of UE groups. For example, whether it is per PO or per gap configuration of a PO.

RAN1#96bis agreement:

· Per default, all gaps use the same group WUS configuration regarding number of groups and group WUS resource allocation.
· Optionally, eDRX gap(s) may be configured individually if separate from the DRX gap.


With the above RAN1 agreement, we understand by default all the gap types can have same number of UE groups. That means only one list of UE group need to be configured for a WUS resource and this can be seen as baseline configuration, e.g., option a). 
Moreover, as RAN1 has also agreed it’s allowed different number of UE groups for eDRX gap(s), we think option a) need to be extended to support configuration per gap type requirement. 

One option may be to configure several lists of UE group for different gap types for each WUS resource. Or it can also be considered to configure WUS resource per gap type. By this way, to configure different number of WUS resources (1 or 2) for different gap types would be allowed, that may bring more flexibility for WUS resources usage.
Q5. Whether a list of UE group needs to be configured for a WUS resource? Companies are invited to provide their preference on the following options for how to configure such list of UE group:
· Option a-1): more than one lists of UE group can be configured per gap type for a WUS resource and each of them can have same or different number of UE groups but with a maximum value of 8.

· Option a-2): With one list of UE group for a WUS resource, more than one lists of WUS resource can be configured per gap type and each of them can have same or different number of WUS resources but with a maximum value of 2. 
· Other option.

	Company
	Yes/No and preferred Option
	Comments

	ZTE
	Yes

Option a-1) or Option a-2)
	We understand both Option a-1) and Option a-2) can meet the configuration requirement.
The Option a-1) may be more straightforward and has enough configuration flexibility. We are also open to discuss Option a-2).

	Nokia
	Other option
	Assignment of WUS resource to UE-ID or other parameters of UE-context should be separate parameter where the group is mapped to the index within the WUS resource list. This allows remapping of grouping without impacting the WUS resource configuration.

	Lenovo
	Option a-1
	We prefer a-1, it is straightforward.

	Huawei, HiSilicon
	Other option
	The assignment of WUS group index to WUS resource is fixed (up to RAN1 design and defined in PHY specification). 

The mapping between UE to WUS group index needs to be specified by RAN2.

	Intel
	Other option
	We agree with Nokia. We understand WUS group mapping is based on UE ID or paging probability.

RAN2#105bis agreements:
· Additional grouping based on DRX/eDRX is not supported.
· Coverage based grouping is not supported.
· Additional grouping based on gap is not supported.
· FFS whether number of groups can depend on gap duration.


	Qualcomm
	Option a-1
	It should be possible to configure different number of WUS groups per WUS resource with maximum of 8.

	SONY
	Other option
	There is no need to relate grouping with gaps. If there are different gaps e.g. depending of eDRX, the gap length would not impact the grouping anyway.

	Ericsson
	Other
	RAN1 agreed that, per default, all gaps use the same group WUS configuration regarding number of groups and group WUS resource allocation. However optionally, eDRX gap(s) may be configured individually if separate from the DRX gap. It would be beneficial if the number of groups per resource is common per gap to reduce the complexity. The assignment of WUS group indices can be provided in RAN1 specifications whereas how to map a UE to a WUS group index based on its paging probability and/or UE-ID should be up to RAN2.

	Sequans
	Option a-1
	Seems most straightforward. Aligning with decision on Q2 would be more beneficial in any case, though.   


Summary:

Among 9 companies:

·    4 companies (ZTE, Lenovo, QC and Sequans) agree option a-1), e.g., at least companies have similar thinking that it should be possible to configure different number of WUS groups per WUS resource. 
·    2 companies (SONY, Ericsson) explicitly mention it is no need to relate grouping with gaps, even 1 company also mention RAN1 has agreed eDRX gap(s) may be optionally configured individually and separated from the DRX gap.

·    3 companies (Nokia, HW and Intel) think RAN2 needs to focus on WUS group mapping, e.g., how to map a UE to a WUS group. We think this issue e.g., mapping formula is another thing that can be discussed later after WUS configuration is defined.
Proposal 6: It should be allowed to configure WUS groups per WUS resource with maximum 8 WUS groups for a WUS resource. 
Proposal 7: RAN2 needs to discuss whether WUS groups for each WUS resource can be configured per gap type.

==================================================================================
RAN1 has agreed UE group ID is needed to generate WUS UE group sequence. One option may be to explicit assign UE group ID for each UE group. The other option may be to implicitly indicate UE group ID by the entry index in the list of UE group.
Q6. Whether an explicit UE group ID is needed for each entry in the list of UE group to identify each UE WUS group? Or it can be implicitly indicated by the entry index in the list of UE group?
	Company
	Yes/No
	Comments

	ZTE
	No
	Per our understanding, whether an explicit UE group ID is needed may depend on how to determine the UE group ID. We are thinking the following alternatives:

· Alt1 (without explicit UE group ID): the two WUS resources (and the UE groups within each resource) can be implicitly concatenated in the order they are in the WUS resource list. And then the total number of WUS UE groups would be the sum of number of configured UE groups within each resource. By this way UE and eNB would have the same understanding about total number of UE groups and also about the order of UE groups, e.g., the order after concatenation. Then the UE group ID is implicitly indicated by index of each UE group in the concatenated list. 

In the following we give an example. Here we assume two WUS resources with 2 and 3 UE groups for each resource separately. The mapping relation is as that in the following table: 

Resource index
index of the entry in the group list within each resource 
The implicit UE group ID corresponding to each entry in the concatenated list
0
0
0

0

1
1

1

0
2

1

1
3

1

2
4

If UE_ID based grouping is used and if a UE-A uses its UE_ID mod 5 (the total number of WUS UE groups) and gets results of 2, the UE would monitor the WUS sequence corresponding to the first entry on the second WUS resource (the item marked with highlight yellow).

· Alt2 (with explicit UE group ID): there has no assumption to concatenate the two WUS resources. An explicit UE group ID is configured for each entry in the UE group list within each WUS resource and it should be unique among all WUS resources. The total number of WUS groups still would be the sum of number of configured UE groups within each resource (or the maximum explicit UE group ID + 1).
With the same assumption in above example and explicit UE group ID, the mapping relation within each WUS resources are as that in the following tables:  
Resource index
index of the entry in the group list within each resource 
The UE group ID explicitly indicated for each entry
0
0
3
0

1
2
Resource index
index of the entry in the group list within each resource 
The UE group ID explicitly indicated for each entry
1
0
1
1
1
0
1

2

4
If UE_ID based grouping is used and if a UE-A uses its UE_ID mod 5 and gets results of 2, the UE would monitor the WUS sequence corresponding to the second entry on the first WUS resource (the item marked with highlight yellow).

With the above analysis, we think both Alt1 and Alt2 are workable. But Alt2 has no obvious advantages over Alt1 and has the disadvantages of additional signalling overhead and configuration restriction. Also with additional understanding that WUS UE group sequence generated by different UE group IDs would have same performance, we prefer go for Alt1, e.g., not to introduce explicit UE group ID for each entry in the list of UE group. 

Moreover, considering some discussion in other sections, we think a container may be still needed for each entry in the UE group list for future extension. For example, some two-level configuration may be further needed for each entry in this group list. 

	Nokia
	No
	We may need to clarify to RAN1 that, RAN2 will provide additional Group-Id to be used for WUS sequence generation. Mapping of this additional identifier to UE-ID and paging probability information to be provided as additional information.

	Lenovo
	No
	We prefer the Alt.1 in ZTE comment, the mapping of UE group ID in Alt.1 to the group ID used by group-ID based or paging probability based will be additional provided by RAN2. 

	Huawei, HiSilicon
	No
	What needs to be done in RAN2 is mapping the UE to one WUS group index (based on paging probability and/or UE_ID). RAN2 can use the WUS group index defined by RAN1. No need to introduce another UE group ID.

	Intel
	FFS
	See our response in Q2.

FFS if the entry to the list corresponds to UE ID based group or paging probability-based group. This depends on how many groups are needed for paging based probability and how mapping function is defined.

	Qualcomm
	No
	Not clear what is actually being asked. Our understanding is that if WUS resource supports n groups then RAN1 needs to know which of the n subgroups correspond to the UE’s own WUS group. The mapping of UE to the specific group within a WUS resource is determined by RAN2 (e.g. based on UE ID and/or paging probability) 

	SONY
	(No)
	Not clear what Yes/No means, but agree with comments from Nokia above, 

	Ericsson
	No
	There is no need to have a parameter introduced explicitly for UE group ID.

	Sequans
	No
	There is no need for a group ID separate to the WUS group index. 


Summary:

This question is related to what contents need to be configured for a WUS group, e.g., whether an explicit group ID is needed for identifying a WUS group. Anyway, almost all the companies think there has no need to provide such parameter in RAN2 signalling. Some companies think WUS group index (for generating WUS sequence) is defined by RAN1.
Proposal 8: It’s no need to define WUS group ID for a WUS group in RAN2 signalling.

==================================================================================
In order to better understand the different options, we give the following ASN.1 examples for above option a) and option a-1) and option a-2) in Q5:
Option a): 
WUS-Config-NB-r16 ::=


SEQUENCE {


resourceConfig-r16


SEQUENCE (SIZE (1..maxNum-Resource)) OF ResourceConfigInfo-r16

}  //maxNum-Resource = 2
ResourceConfigInfo-r16 ::=

SEQUENCE {

resourceIndication-Time-r16   ENUMERATED {legacy, new},
groupWUS-r16                  SEQUENCE (SIZE (1..maxNum-Group)) OF GroupWUSInfo-r16   //maxNum-Group = 8
    ...

} 

GroupWUSInfo-r16 ::=

SEQUENCE {

ueGroup_ID-r16



INTEGER(0..7),
    ...
}
Option a-1): 
WUS-Config-NB-r16 ::=


SEQUENCE {


resourceConfig-r16

SEQUENCE (SIZE (1..maxNum-Resource)) OF ResourceConfigInfoPerGap-r16

}  //maxNum-Resource = 2
ResourceConfigInfoPerGap-r16 ::=

SEQUENCE {


resourceIndication-Time-r16   ENUMERATED {legacy, new},
groupForDRX-r16

SEQUENCE (SIZE (1..maxNumGroup-DRX)) OF GroupWUSInfo-r16,
OPTIONAL,
-- Need OP        

groupForeDRXS-r16
SEQUENCE (SIZE (1..maxNumGroup-eDRXS)) OF GroupWUSInfo-r16,
OPTIONAL,
-- Need OP


groupForeDRXL-r16   SEQUENCE (SIZE (1..maxNumGroup-eDRXL)) OF GroupWUSInfo-r16,
OPTIONAL,
-- Need OP
    ...
} 
GroupWUSInfo-r16 ::=

SEQUENCE {

ueGroup_ID-r16



INTEGER(0..7),
    ...
}
Option a-2):
WUS-Config-NB-r16 ::=


SEQUENCE {

resourceConfigDRX-r16    SEQUENCE (SIZE (1..maxNumResource-DRX)) OF ResourceConfigInfo-r16, OPTIONAL,
-- Need OP
resourceConfigeDRXS-r16  SEQUENCE (SIZE (1..maxNumResource-eDRXS)) OF ResourceConfigInfo-r16, OPTIONAL,
-- Need OP
resourceConfigeDRXL-r16  SEQUENCE (SIZE (1..maxNumResource-eDRXL)) OF ResourceConfigInfo-r16, OPTIONAL,
-- Need OP
}
ResourceConfigInfo-r16 ::=

SEQUENCE {

resourceIndication-Time-r16   ENUMERATED {legacy, new},
groupWUS-r16                  SEQUENCE (SIZE (1..maxNum-Group)) OF GroupWUSInfo-r16   //maxNum-Group = 8
    ...

} 

GroupWUSInfo-r16 ::=

SEQUENCE {

ueGroup_ID-r16



INTEGER(0..7),
    ...
}
Here we assume the WUS resource configuration is a top level parameter in WUS-Config-NB-r16, 

e.g., which can be applied for all the anchor and non-anchor carriers. In [10], it has mentioned that the different paging carriers may be allocated different number of UEs, resulting in unequal paging probability. Therefore, they proposed to allow group WUS resource configuration on a subset of paging carriers considering the loading on the particular paging carrier. For example, enable WUS group on under-utilised paging carrier but not configure group WUS for loaded paging carrier as it is unlikely to provide significant gain. We are not sure how much benefit such configuration flexibility can bring, but we can see the additional complexity and signaling overhead. So more justification may be needed.
Q7. Whether group WUS resource configuration can be defined per carrier? 
	Company
	Yes/No
	Comments

	ZTE
	No
	We expect introduction of further UE grouping for WUS monitoring would have no impacts on the legacy PO selection, e.g., UE still needs to firstly select a carrier and a certain PO, and then determine the WUS UE group. If group WUS resource configuration is defined per carrier and legacy PO selection is still used, it may be possible that UE cannot find WUS UE group on a certain carrier and certain PO. One possible solution may be to change the sequence of resources selection, e.g., firstly gathering all the carriers which have WUS UE group configuration and then selecting one carrier and certain PO. We think this will cause additional unnecessary complexity.
Furthermore, we understand to allow different available resources (e.g., different nB) in paging carriers may have similar effect as that from such WUS resource configuration per carrier scheme. But that has been discussed previously and thought not necessary. 

	Nokia
	 No
	We prefer approach of having two separate configuration one for WUS resource configuration and mapping of resource to group information. The resource configuration need not to be repeated for each gap type. Further optimisation on stage-3 aspects possible.

	Lenovo
	No
	It is not necessary to introduce the WUS resource configuration per carrier, it is complex from the view of configuration, and the benefit is not huge.

	Huawei, HiSilicon
	No
	We think one aspect needs to be discussed in RAN2: whether all paging carriers support Rel-16 WUS groups?

For the carriers supporting Rel-16 WUS groups, we think the configuration should be the same (except for the maximum duration which is already carrier specific in Rel-15)

	Intel
	No
	It should be same as legacy. How to distribute load among non anchor carriers can be different issue to discuss.

	Qualcomm
	Yes
	Two aspects to consider:

1. Whether R16 WUS to be supported on all carriers or subset of carriers.

2. Whether WUS configuration needs to be the same for all carrier for which R16 WUS is configured.

We think it is highly beneficial to allow R16 WUS resources to be configured for all or some of the paging carriers. This is to avoid wasting resources for WUS when a small set of UEs support group WUS.

Allowing different configuration for different WUS configuration for different carriers (e.g. some carriers support service based grouping while others support UE-ID based grouping) can allow for UE’s with similar traffic pattern to be grouped together as much as possible.

	SONY
	No
	Agree with Intel, should be the same as legacy.

	Ericsson
	No
	We do not see a need for per-carrier configuration considering the unnecessary complexity it would introduce with respect to its potential gains.

	Sequans
	Yes/No
	It would be beneficial to have the possibility to configure only some of the carriers with Rel-16 WUS. However, the benefits of having a different config for each carrier to which it applies do not seem to warrant the signalling complexity.


Summary:

Among 9 companies, only 2 companies think it would be beneficial to have the possibility to configure only some of the carriers with Rel-16 WUS. 1 company is open to discuss such possibility. More companies do not see a need for per-carrier configuration and concern unnecessary complexity (e.g., signalling overhead, impacts for paging carrier selection).

But as company may be some strong on the benefit of per-carrier configuration, we can take HW’s suggestion and provide the following proposals:

Proposal 9: RAN2 needs to discuss whether Rel-16 WUS groups need to be supported on all paging carriers or subset of paging carriers.

Proposal 9a: For NB-IoT, for the carriers supporting Rel-16 WUS, the WUS configuration should be the same (except for the maximum duration which is already carrier specific in Rel-15).
Proposal 9b: For eMTC, for the carriers supporting Rel-16 WUS, the WUS configuration should be the same.
==================================================================================
Finally, RAN1 has the following agreement on alternation between WUS resources. 
	RAN1#98 agreement:

The specification supports configurability to enable UE group to alternate between WUS resources


RAN1 has agreed if two WUS resources are configured, one of them would be immediately before the R15 WUS resource. Such configuration may cause more power consumption for the UEs who are assigned to the group on the first NWUS resource because those UEs need to wake up earlier. In order try to avoid this issue, UE would be allowed to alternate between the two WUS resources. How to perform alternation follows RAN1 specification but one enable indication may be needed in higher layer signalling.
Q8. Whether one bit indication is needed for enabling alternation between WUS resources, e.g., in WUS-Config-NB-r16? 
	Company
	Yes/No
	Comments

	ZTE
	Yes
	Per our understanding for RAN1 agreements, we think 1 bit indication for enabling alternation between WUS resources, e.g., in WUS-Config-NB-r16 and being applied to both of WUS resources, is needed and enough.    

	Nokia
	No
	When two WUS resources are configured UE is expected to monitor the resource corresponds to its group information whenever it occurs. We don’t see need for additional bit and alternation between WUS resources. More details needed on the basis of switching of assigned WUS between two resources and also the benefit analysis is needed. In our view,the gap between these two set of resources is not expected to be very much which needs some optimisation

	Lenovo
	No
	 The WUS configuration will make UE monitor one WUS sequency associated to the UE group,

	Huawei, HiSilicon
	FFS
	We may need indication in Rel-16 WUS configuration to indicate whether alternation is enabled or which pattern is used. (Up to RAN1 design)

	Intel
	Yes
	In our understanding this is similar to hopping between different WUS resources and the pattern for which needs to be designed by RAN1. Based on RAN1 design, then we may need to introduce an indication of enabling the hopping WUS resources.

	Qualcomm
	Yes
	At least an indication for the case of 2 R16 WUS resources with same gap on same carrier is needed to inform UE if WUS resource hopping is supported in the cell or not. For the form of this indication (i.e. flag or other information) need to wait for RAN1 to complete their design. Also see our answer to Question 2

	SONY
	FFS
	Yes, some indication may be needed, but any potential hopping patterns have to be discussed

	Ericsson
	FFS
	If there is a shared resource, it should be possible to use alternation, however the indication may be implicit.

	Sequans
	(Yes)
	This is related to Q2 and depends as well on the RAN1 design, though a-priori it seems likely


Summary:
(Rapporteur note: the second “Nokia” in company column is changed to “Lenovo”)

Among 9 companies:

·    About 6 companies (ZTE, Intel, QC, SONY and maybe HW, Sequans) think an indication for indicating whether alternation (WUS resource hopping) is enabled would be needed. 

·    3 companies (Nokia, Lenovo and maybe Ericsson) think such indication is not needed. Here 1 company think alternation between WUS resources may be not needed as the gap between these two set of resources is not expected to be very much. 1 other company think it may be possible to use alternation but indication can be implicit.

As mentioned by company in Q18, in RAN1, alternation between WUS resources is only for NB-IoT. Therefore, the following proposals should be explicitly indicated for NB-IoT.

Proposal 10: For NB-IoT, an indication is needed for enabling alternation between WUS resources (WUS resource hopping).
Proposal 10a: For NB-IoT, RAN2 needs to further discuss whether this indication is configured per cell.
==================================================================================
3.1.2 Configuration for paging probability based grouping 
According to RAN2 agreements on paging probability based grouping, at least a mapping relation between paging probability information and WUS group needs to be broadcasted in the Uu interface. 
In [8], an example of such mapping relation has been provided. Assuming that a paging probability indicator [0..100] is provided by the MME and a threshold list including 2 paging probability thresholds is broadcast, the UE selects its WUS group(s) based on its paging probability indicator as described in the following table:

Table 1. Example of mapping between paging probability indicator and WUS group(s)

	Paging probability
	WUS group(s)

	Paging probability < Threshold 1
	WUS group 0

	Threshold 1 (e.g. 10%)

	Threshold 1 < Paging probability < Threshold 2
	WUS group 1

	Threshold 2 (e.g. 50%)

	Paging probability > Threshold 2
	WUS group 2


Such thresholds looks similar to the RSRP criterion for UEs to select a NPRACH resource, e.g., the rsrp-ThresholdsPrachInfoList. For example, the first element corresponds to Threshold 1 in the above table which can be used to segment the WUS group 0 and WUS group 1. The second element corresponds to Threshold 2 and so on. The number of entries in this paging probability threshold list would be one less than the total number of UE groups.

Here we just take percentage value as an example for paging probability and it may be modified according to SA2 decision on the format and value range of paging probability. 
Q9. Whether a paging probability threshold list similar to the RSRP threshold list for UEs to select a NPRACH resource would be introduced for group WUS resource? 

	Company
	Yes/No
	Comments

	ZTE
	Yes
	A paging probability threshold list similar to the RSRP threshold list for UEs to select a NPRACH resource would be introduced. 

However, as we prefer Alt1 in Q6, we understand UE and eNB would have the same understanding that the total number of WUS groups are the sum of number of configured UE groups within each resource, then we think it may be more suitable to put this paging probability threshold list out of the WUS resource configuration, e.g., as a “global” parameter for all the WUS resources. And the number of entries in this paging probability threshold list would be the one less than the total number of UE groups. 

A modified ANS.1 example (based on the example given by rapporteur) may be:
WUS-Config-NB-r16 ::=


SEQUENCE {


resourceConfig-r16


SEQUENCE (SIZE (1..maxNum-Resource)) OF ResourceConfigInfo-r16
pagingProbThresholdList-r16 ::= SEQUENCE (SIZE(1..maxNum-Thresh)) OF INTEGER (1..100)  OPTIONAL,
-- Need ON
}  //maxNum-Resource = 2
ResourceConfigInfo-r16 ::=

SEQUENCE {

resourceIndication-Time-r16   ENUMERATED {legacy, new},

groupWUS-r16                  SEQUENCE (SIZE (1..maxNum-Group)) OF GroupWUSInfo-r16   OPTIONAL,
-- Need ON     
    ...

} 

GroupWUSInfo-r16 ::=

SEQUENCE {


    //for future extension

...
}
Another issue may be, if MME provide some kind of paging probability group parameter, eNB would map this “paging probability group” information in the S1 interface into the “WUS group” in the Uu interface. And implicitly the number of “WUS group” in the Uu interface need to be equal or less than the number of “paging probability group” in the S1 interface which will bring additional restriction for the number of entries of the paging probability threshold list.

	Nokia
	No
	Mapping of the range of information provided by MME for paging probability to set of Group-Id to be used on the WUS sequence should be RAN2 configuration. Final configuration depends on the range of values decided for the paging probability information concluded for the MME parameter.

	Lenovo
	Yes
	eNB will  decide the threshold to group the UE based on eNB group number resource and the UE distribution information from one or more MME. 
MME could give the paging probability value of UE to eNB, or give the UE’s paging probability group ID in MME to eNB. But for the later, we think eNB should know the paging probability range of the UE paging probability group ID at MME, otherwise, eNB can not make the decision on the threshold.
The form of the threshold could be FFS.

	Huawei, HiSilicon
	Yes if SA2 provides paging probability
	RAN2 will have to define the mapping between the information provided by SA2 and the WUS group index. Details depend on the information provided by SA2. 

For example, if SA2 provides paging probability values, we may need a threshold list. If SA2 provides a group ID based on paging probability, we need to map the group ID provided by SA2 to WUS group index.

	Intel
	Yes
	However, it is not clear what thresholds are. It could be just indication such as High, medium and low paging probability.

	Qualcomm
	FFS
	It depends on what information is provided to UE NAS i.e. is it a probability (e.g. 10%, 20%, 30% etc) or a service group number. If it’s a probability, then scheme depicted in Table 1 looks reasonable. But if the information is a service group number then mapping needs to be defined,

	SONY
	No
	Agree with Nokia., and that the MME handles the paging probability grouping including any thresholds.

	Ericsson
	FFS
	This depends on the information provided by the MME regarding the values for paging probability.

	Sequans
	(Yes)
	Seems reasonable, assuming SA2 decides to provide probabilities


Summary:

As RAN2 has agreed “eNB configures, via broadcast, the relation between this paging probability information and WUS group on Uu interface” in last meeting, the intention of this Q9 is to make more related agreements. Although at least 5 out of 9 companies think a parameter like paging probability threshold list may be needed, they also think this can be keep FFS and wait for more details from SA2, e.g., range of values decided for the paging probability information by SA2. 

Therefore, no proposal for this Q9 is made in this meeting.

==================================================================================

Based on option a) in Q5, this threshold list can be added as the following example (delta configuration is with change mark): 
WUS-Config-NB-r16 ::=


SEQUENCE {


resourceConfig-r16


SEQUENCE (SIZE (1..maxNum-Resource)) OF ResourceConfigInfo-r16

}  //maxNum-Resource = 2
ResourceConfigInfo-r16 ::=

SEQUENCE {

resourceIndication-Time-r16   ENUMERATED {legacy, new},
pagingProbThresholdList-r16 ::= SEQUENCE (SIZE(1..maxNum-Group-1)) OF INTEGER (1..100)  OPTIONAL,
-- Need ON
groupWUS-r16                  SEQUENCE (SIZE (1..maxNum-Group)) OF GroupWUSInfo-r16   OPTIONAL,
-- Need ON     //maxNum-Group = 8
    ...

} 

GroupWUSInfo-r16 ::=

SEQUENCE {

ueGroup_ID-r16



INTEGER(0..7),
    ...
}
3.1.3 Configuration for UE-ID based grouping 

For only UE_ID based WUS grouping, we think only number of WUS group needs to be configured for the UE and this can be implicitly indicated by the number of entries of the list of UE group in the WUS resource.
Q10. For UE_ID based WUS grouping, whether it’s enough to only configure number of WUS groups? Would any other parameter be needed? 
	Company
	Yes/No
	Comments

	ZTE
	Yes
	It’s enough to only configure number of WUS UE groups for UE_ID based WUS grouping and no other configuration is needed.

	Nokia
	Yes
	It depends on how do we configure the Group information to be used in WUS sequence generation. It is possible to include this information in the GWUS resource information itself. In this case only the maximum number of resources for UE-ID based grouping is sufficient.

	Lenovo
	Yes
	Only configure the number of WUS groups for UE-ID based grouping, and it could be configured implicitly by total UE group number based on the WUS resource and the group number for paging probability based group.

	Huawei, HiSilicon
	Yes
	Only the number of groups for UE_ID based grouping is enough.

We think this number should be power of 2.

	Intel
	Yes
	A simple distribution of UE ID on number of configured UE ID based groups can be specified.

	Qualcomm
	Yes
	RAN2 needs to discuss & agree whether same WUS group can be used for both service and UE ID based schemes at the same time. Also see Question 11.

Assuming service based and UE ID based schemes do not use the same group then the number of groups for UE_ID based grouping can be a function of total number of groups in a WUS resource and the number of groups reserved for service based scheme,

	SONY
	Yes?
	Are we saying that if the number of groups e.g are X, the UE and MME will calculate based on UE-id mod X, in which WUS group the UE will belong to?

	Ericsson
	Yes
	Number of WUS groups configured for UE-ID based WUS grouping would be enough. No other parameter is needed.

	Sequans
	Yes
	The number of groups is enough


Summary:

All of 9 companies agree for UE_ID based WUS grouping, it’s enough to only configure number of WUS groups. 1 company think this number should be power of 2 and this can be further discussed in stage-3.
Proposal 11: For UE_ID based WUS grouping, it’s enough to only configure number of WUS groups.

==================================================================================
3.1.4 Coexistence of UE_ID based and paging probability based grouping
According to the discussion in section 3.1.1 and section 3.1.2, 3.1.3, we assume if paging probability threshold parameter is absent, WUS group configuration can be used for UE_ID based WUS grouping by default. If paging probability threshold parameter is present, the followed UE WUS group configuration would be used for paging probability based WUS grouping.

Q11. Whether WUS group configuration can be used for UE_ID based WUS grouping by default, and if paging probability threshold parameter is present, the WUS group configuration would be used for paging probability based WUS grouping?
	Company
	Yes/No
	Comments

	ZTE
	Yes
	We prefer such understanding.

Moreover, with the example in option a-1), if it is used for only UE_ID based WUS grouping, the number of entries in the UE group list can indicate the number of WUS UE groups. But it may be possible the content of each entry in this UE group list is empty, this can be further optimized in stage 3 discussion.

	Nokia
	No
	The WUS resource to group mapping information can provide mapping for both types. Depending on the configured mapping information the UE select the resource and also the UE-group-information to be used on given WUS resource.

	Lenovo
	No
	Both grouping rules could be supported by eNB, the grouping rule used by UE depends on the UE capability on grouping rule and the grouping rule supported by eNB. We should discuss the UE capability on grouping rule before consider this issue.

	Huawei, HiSilicon
	No
	Same understanding as Nokia.

	Intel
	No
	It depends on network configuration. Network indicates X (>=0) number of UE based groups and Y (>=0) number of paging probability based groups and how their indices are mapped to UE ID and UE’s paging probability negotiated with MME.

	Qualcomm
	Yes
	See answer to question 11.

	SONY
	Well, Yes
	Think that if Paging probability grouping is absent the grouping is based on UE-id, but we don’t think any threshold is needed. That is for MME to handle. 

	Ericsson
	Yes
	It should be possible for the eNB to configure WUS grouping only based on paging probability, only based on UE-ID, or both. For example, if it is only based on paging probability, only one WUS group would be allocated to a paging probability class where there will be no need for UE-ID based grouping. This can also be considered as a sub case since even if UE-ID based grouping is used, one would end up with the same allocation. 

	Sequans
	No
	UE_ID would probably be used as some kind of default, but this does not mean it should necessarily be overridden if probability info exists. 


Summary:

Among 9 companies:

·    5 companies (Nokia, Lenovo, HW, Intel, Sequans) think it should be possible for the eNB to configure WUS grouping only based on paging probability, only based on UE-ID, or both.
·    4 companies (ZTE, SONY, Qualcomm, Ericsson) agree UE_ID based grouping would probably be used as some kind of default, e.g., when mapping related parameter for paging probability grouping is absent. 
It may be more needed for RAN2 to discuss whether same WUS group can be used for both service and UE ID based schemes, or there should be two separate sets of WUS groups at the same time, e.g., X (>=0) number of UE based groups and Y (>=0) number of paging probability based groups.
Proposal 12: RAN2 needs to discuss whether same WUS group can be used for both service and UE ID based schemes, or there should be two separate sets of WUS groups at the same time, e.g., X (>=0) number of UE based groups and Y (>=0) number of paging probability based groups.
==================================================================================
There may be another case that the number of UEs belonging to a same paging probability based WUS group may be large and further grouping based on UE_ID would be needed. A straightforward way may be to introduce a new subgroup parameter into the WUS group configuration. This can be seen as a two-level WUS configuration in which grouping is firstly based on paging probability, and then UE-ID. 
It's also possible that grouping can be firstly based on UE-ID, and then paging probability. Logically this way may not be so consistent with the requirement of the above mentioned case, but we assume the final result of grouping may be the same.
Q12. Whether two-level WUS configuration would be needed? E.g., which option in the following is preferred?

· Option a): Yes, and only to support two-level WUS configuration in which grouping is firstly based on paging probability, and then UE-ID.

· Option b): Yes, and only to support two-level WUS configuration in which grouping is firstly based on UE-ID, and then paging probability.

· Option c): Yes, to support both of above two-level WUS configurations.
· Option d): No.

· Option e): Other

	Company
	Option
	Comments

	ZTE
	Option a)
	We think Option a) and Option b) may be similar and it’s enough to select one from them. For Option a), we understand it may be easy to set paging probability threshold list as eNB only needs to consider the overall paging probability distribution of the UEs. But for Option b), the setting of paging probability threshold list may need the information of paging probability distribution for the UEs in a certain UE_ID group and such setting may be difficult. Therefore, we prefer Option a).

With this Option a), one of the modified ASN.1 example (based on the example given by rapporteur) may be as following:

WUS-Config-NB-r16 ::=


SEQUENCE {


resourceConfig-r16


SEQUENCE (SIZE (1..maxNum-Resource)) OF ResourceConfigInfo-r16
pagingProbThresholdList-r16 ::= SEQUENCE (SIZE(1..maxNum-Thresh)) OF INTEGER (1..100)  OPTIONAL,

}  //maxNum-Resource = 2
ResourceConfigInfo-r16 ::=

SEQUENCE {

resourceIndication-Time-r16   ENUMERATED {legacy, new},

groupWUS-r16                  SEQUENCE (SIZE (1..maxNum-Group)) OF GroupWUSInfo-r16   OPTIONAL,
-- Need ON     //maxNum-Group = 8
    ...

} 

GroupWUSInfo-r16 ::=

SEQUENCE {


numberOfsubGroup-UEID-r16   INTEGER(0..7)  
OPTIONAL,
-- Need OP
...
}
Based on this configuration, the UE may firstly determine which paging probability-based group would be selected, e.g., by using the Alt1 in Q6. And then UE can use its UE_ID to further mod the number of UE_ID-based groups within this paging probability group, e.g., numberOfsubGroup-UEID-r16 to determine which UE_ID-based group would be selected. According to determined paging probability-based group and UE_ID-based group, UE can determine the final UE group ID which is used to obtain WUS sequence in this WUS resource for WUS monitoring.

	Nokia
	Yes. Option A) is prefered.
	Rel-16 UE may be configured only with UE-ID based grouping if MME does not provide paging probability information.

In such cases, there should be configuration for following resource to group information mapping.

1.WUS resource to UE-ID based group mapping.
2.WUS resource to combination of UE-ID +Paging-probability-based group information,

The resources used for UE-ID based mapping can also be used two level grouping also. For example, one of the TDM resource can be mapped for UE-ID based grouping and also UE-ID+Higher-paging-probability also. In this case paging probability information can be used to identify the TDM resource only.

	Lenovo
	Option.a
	If the group resource for paging probability is sufficient, it could use the UE-ID based group rule at the second level. Or, if the number of UE in the same paging probability group is very large, the second level group as UE-ID based is applied. These two cases are the motivation we support two-level grouping, so we prefer option.a.

	Huawei, HiSilicon
	Option a)
	The signalling should allow the 3 cases, i.e. only one type or both.

If both types are used, paging probability should be the first level.

	Intel
	Option c)
	See answers in Q11 above. It can be up to network. We think the first level should be regarding the WUS resource (i.e., time domain and frequency domain) and second level configuration corresponds to list of sequences configured in that resource.

So simply, if there are more than 2 paging probability based grouping, then it is not possible to use the first level for NB-IoT.

	Qualcomm
	
	Agree with Huawei that it should be possible for network to configure (a) UE_ID based WUS group scheme only, (b) Service based WUS group scheme only, (c) both service based and UE_ID based schemes.

If service based scheme (b) or (c) is configured then UE first determines what set of WUS groups correspond to its’ service and then uses the UE_ID to select specific WUS group from the service based group set.

The UE ID based is straight forward i,e, WUS group selected based using UE_ID and the set of WUS groups supporting UD_ID based scheme. 

We assume the default is UE_ID based scheme hence we propose the signalling indicates what set of WUS groups are for service based scheme.

	SONY
	Option c)
	Think that MME is responsible for the grouping but the UE needs to know how to calculate the WUS group, if not explicitly signalled. 

	Ericsson
	Option a
	Agree that options a and b should end up with the same configuration. It should be possible to configure both or only one of the grouping types.

	Sequans
	Option a
	Agree with Huawei


Summary:

Q12 may be related to Q11. But Q12 can be discussed separately only for the case that both UE-ID based grouping and paging probability based grouping are needed.

Among 9 companies:

·    7 companies (also include QC per our understanding) prefer option a), e.g., if both types are used, paging probability should be the first level and then UE_ID.
·    2 companies prefer option c). Here one company think MME is responsible for the grouping. The other company consider WUS resource should be the first level. With reference to the discussion in Q6, we think WUS resource may be implicitly differentiated with the mapping result of WUS grouping.

Proposal 13: Two-level WUS configuration in which grouping is firstly based on paging probability, and then UE-ID, can be supported.
==================================================================================Based on option a) in Q5, an example of two-level WUS configuration in which grouping is firstly based on paging probability, and then UE-ID is as following. The number of groups for further UE-ID based random grouping is additionally configured for each WUS group for paging probability:
WUS-Config-NB-r16 ::=


SEQUENCE {


resourceConfig-r16


SEQUENCE (SIZE (1..maxNum-Resource)) OF ResourceConfigInfo-r16

}  //maxNum-Resource = 2
ResourceConfigInfo-r16 ::=

SEQUENCE {

resourceIndication-Time-r16   ENUMERATED {legacy, new},
pagingProbThresholdList-r16 ::= SEQUENCE (SIZE(1..maxNum-Group-1)) OF INTEGER (1..100)  OPTIONAL,
-- Need ON
groupWUS-r16                  SEQUENCE (SIZE (1..maxNum-Group)) OF GroupWUSInfo-r16   OPTIONAL,
-- Need ON     //maxNum-Group = 8
    ...

} 

GroupWUSInfo-r16 ::=

SEQUENCE {

ueGroup_ID-r16

INTEGER(0..7), 

numberOfsubGroup-UEID-r16   INTEGER(0..7)  
OPTIONAL,
-- Need OP
...
}
3.1.5 Common WUS

RAN1 has agreed to introduce common WUS which is used to wake up all group WUS UEs monitoring the same WUS (time-frequency) resource if more than one UE group occupies the WUS resource, E.g., if eNB want to wake up more than one UE groups at the same time, the common WUS can be used. In [11], some other use cases were mentioned, e.g., to support common paging and wake up several UEs at a time, either for SI update, direct indication or for paging multiplexing. 

The common WUS related RAN1 agreements are as follows:
	RAN1#95 agreement:
A common WUS is used to wake up all group WUS UEs monitoring the same WUS (time-frequency) resource if more than one UE group occupies the WUS resource.

· FFS: Whether the above is also applicable for Rel-15 WUS UEs

· FFS: Whether to support waking up a subset of all WUS UE groups

RAN1#97 agreement:

If the group WUS resource is configured to be shared by Rel-15 WUS and Rel-16 WUS, the common WUS sequence for all the group WUS UEs in the same WUS resource can be configured to be the Rel-15 WUS sequence or a Rel-16 WUS sequence

RAN1#98 agreement:

A UE is required to detect 2 sequences, the common WUS and the group WUS of the group to which it belongs.
G = 132 and g = 14*(UE_group_index+1), 0 ≤ UE_group_index ≤ 7

Working Assumption

The sequence resulting from g = 126 is the common WUS unless common WUS is configured to be legacy WUS


According to RAN1 agreements, we have the understanding that for WUS resources patterns 1(b) and 2 (w.r.t the discussion for Q1 and Figure 2, Figure 3), it should be feasible to configure the R15 WUS or a new R16 WUS sequence as the common WUS. This new R16 WUS sequence is a sequence defined specifically for common WUS in RAN1 specification.
There may need signaling dependency between the common WUS configuration and WUS resource pattern configuration, but this can be left to stage-3 discussion.
Q13. Whether an explicit indication is needed for indicating common WUS type, e.g., legacy R15 WUS sequence or new R16 dedicated WUS sequence? 

	Company
	Yes/No
	Comments

	ZTE
	Yes
	According to RAN1 agreement, we understand an explicit indication is needed for indicating common WUS type. And this indication needs to be defined within each WUS resource configuration. 

	Nokia
	Yes
	Whether UE needs to monitor for common WUS along with the WUS corresponds to its group needs to be signalled explicitly. In this case the WUS resource for this common WUS can be explicitly signalled or assigned by default. (For ex Rel-15 WUS on the same WUS resource can be common WUS).

	Lenovo
	Yes
	The common WUS type should be explicitly indicated as R15 WUS or R16 WUS.

	Huawei, HiSilicon
	FFS
	Based on RAN1 agreement, maybe we need an indication to indicate the type.

But from RAN2 point of view, we need to keep things simple and understand the benefit to allow 2 options for common WUS (Rel-15 sequence or Rel-16 sequence).

	Intel
	FFS
	But indication is needed whether to monitor Common WUS or Rel-15 WUS sequence in the common Rel-15/Rel-16 WUS resource. 

	Qualcomm
	
	Our understanding is that support for common WUS on a carrier is optional.

If common WUS supported for a carrier then for R16 WUS resource only no further indication is needed,

If cell supports common WUS group then for R15 and R16 common WUS resource need to indicate whether R15 sequence or R16 sequence is the common WUS group. 

	SONY
	Yes
	Otherwise, how the UE knows which sequence to detect.

	Ericsson
	Maybe
	A binary indication may be needed for the UE to know the Rel-16 common WUS sequence unless it would be implicit from the configuration.

	Sequans
	FFS
	When both are configured the UE needs to know which one to monitor, but it may be possible to be made implicit


Summary:

Q13 and Q14 are related. Q13 is more about how or where the UE detects common WUS. Q14 is more about whether the UE need to detect common WUS (e.g., by default).

For this Q13, among 9 companies:

·    5 companies (ZTE, Nokia, Lenovo, SONY and maybe QC) think explicit indication is needed for indicating common WUS type, e.g., legacy R15 WUS sequence or new R16 dedicated WUS sequence, at least for R15 and R16 common WUS resource case.
·    4 companies (HW, Intel, Ericsson, Sequans) comment FFS but also mention such indication may be needed. 2 out of 4 companies think it may be implicit.
Proposal 14: An explicit indication is needed for indicating common WUS type, e.g., legacy R15 WUS sequence or new R16 dedicated WUS sequence. 
==================================================================================
Another issue is whether an indication is needed for indicating a common WUS is configured or enabled. Considering the following two aspects, we think such indication may be needed:

· Common WUS is only needed when more than one UE groups are configured, e.g., is not always needed.
· Even for the case more than one UE groups are configured and needs to be waken up, as there has additional overhead and power consumption for UE to simultaneously detecting 2 sequences, the eNB can choose to wake up the UE groups one by one. That means the common WUS is not the only choice and may not be used. 

Q14. Whether an indication is needed for indicating a common WUS is configured or enabled? And if yes, which option can be used?
· Option a): an explicit indication

· Option b): an implicit indication when more than one UE groups is configured

· Option c): an implicit indication when common WUS type is configured

	Company
	Option
	Comments

	ZTE
	Option c)
	Option a) may be clearer but require one more bit for ASN.1 definition. We understand only in the following case, maybe two indications are better: 

· There has only one WUS resource and it is configured to immediately before the R15 WUS resource. 

Per our understanding for RAN1 agreements, in this case the common WUS can only be the new R16 dedicated WUS sequence. That means common WUS type indication are not needed. But common WUS enabled indication still need to be set when network wants to enable this feature. 
However, we think only common WUS type indication is also feasible for this case, e.g., common WUS type can be set to R16 WUS to implicitly indicate enabling this feature. 

Therefore, we think only common WUS type indication is enough.

	Nokia
	Option a) 
	Explicit indication on whether UE also needs to listen for common WUS is needed. If it is configured common WUS resource also needs to be indicated.

	Lenovo
	Option c)
	An implicit indication when common WUS type is configured

	Huawei, HiSilicon
	None
	We do not think anything is needed. RAN1 has agreed that the UE always need to monitor 2 sequences:

RAN1#98 agreement:

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

	Intel
	None
	We think common WUS should not be disabled as UE is required to detect two sequences unless WUS resource is the Rel-15 WUS resource.

	Qualcomm
	Option a)
	See answer to Q14.

	SONY
	None
	Agree with Huawei. It has already been agreed in RAN1.-

	Ericsson
	For NB-IoT Option b and for LTE-M Option a
	This seems to be the case based on RAN1 agreements. We are also fine with Option b for both NB-IoT and LTE-M.

	Sequans
	None
	According to RAN1, a common WUS should always exist


Summary:

Among 9 companies:

·    4 companies (HW, Intel, SONY, Sequans) think no indication is needed for enabling detecting a common WUS. Companies think as UE always need to monitor 2 sequences that means common WUS should always be monitored.
·    2 companies (Nokia, QC) think an explicit indication is needed for enabling UE to detect the common WUS.
·    2 companies (ZTE, Lenovo) think when common WUS type is configured, it implicitly indicates a common WUS exist and UE can detect it. Otherwise, the UE doesn’t need to detect common WUS.

·    1 company (Ericsson) think if more than one UE groups are configured, it implicitly means a common WUS exist and UE can detect it.  
Proposal 15: RAN2 needs to further discuss whether an indication is needed for enabling UE to detect the common WUS. And if yes, RAN2 can further discuss the following options:
· Option a): an explicit indication

· Option b): an implicit indication when more than one UE groups is configured

· Option c): an implicit indication when common WUS type is configured.
==================================================================================
If the R15 WUS is configured as the common WUS, that means a R16 UE needs to monitor both R15 and R16 WUS. The false paging alarm for the R16 UE would be increased. In [11], they suggested using Rel-15 WUS as a common WUS should only be configured in case of no/few Rel-15 WUS UEs. We assume this can be left to network implementation and no additional network indication or configuration is needed.
Based on option a) in Q5 and with above option a) in Q14, an example of common WUS configuration is as follows:

WUS-Config-NB-r16 ::=


SEQUENCE {


resourceConfig-r16


SEQUENCE (SIZE (1..maxNum-Resource)) OF ResourceConfigInfo-r16

}  //maxNum-Resource = 2
ResourceConfigInfo-r16 ::=

SEQUENCE {

resourceIndication-Time-r16   ENUMERATED {legacy, new},
groupWUS-r16                  SEQUENCE (SIZE (1..maxNum-Group)) OF GroupWUSInfo-r16   OPTIONAL,
-- Need ON     //maxNum-Group = 8
commonWUSType-r16      ENUMERATED {R15WUS, R16WUS}   OPTIONAL,
-- Need ON 
commonWUSEnabled-r16   ENUMERATED {true}   OPTIONAL,
-- Need ON
...

} 

GroupWUSInfo-r16 ::=

SEQUENCE {

ueGroup_ID-r16

INTEGER(0..7), 

...
}
3.1.6 Network capability configuration
RAN1 has the following agreement about network capability. It’s also natural that the UE can only monitor the R16 group WUS when it knows the feature supported by the network. But similar as R15 WUS feature, the network capability can be implicitly indicated by presence of R16 WUS group configuration.
	RAN1#94bis agreement:

UE-group NWUS is supported based on eNB’s and UE’s capability.

Whether the network supports UE-group NWUS is done by higher layer signaling.


Q15. Whether a network capability indication about supporting R16 WUS grouping needs to be configured in SIB, or it can be implicitly indicated by presence of R16 WUS configuration?
	Company
	Yes/No
	Comments

	ZTE
	No
	Network capability can be implicitly indicated by presence of R16 WUS configuration.

	Nokia
	No
	Presence of additional information related to group based WUS configuration is indication for NW capability. Whether NW supports paging probability based grouping is also based on the presence of relevant resource mapping for the same.

	Lenovo
	No
	Agree with ZTE, network capability can be implicitly indicated by presence of R16 WUS configuration.

	Huawei, HiSilicon
	No
	Configuration is enough.

	Intel
	No
	It can be implicit based on WUS configuration.

	Qualcomm
	No
	If any R16 WUS configuration provided, then network supports WUS group.

	SONY
	No
	If already covered by gNB broadcasting configuration in system information, not further indication would be needed.

	Ericsson
	No
	

	Sequans
	No
	The fact that a configuration exists is enough.


Summary:

All of 9 companies agree a network capability indication about supporting R16 WUS grouping is not needed. It can be implicitly indicated by presence of R16 WUS configuration
Proposal 16: Network capability indication about supporting R16 WUS grouping is not introduced.
==================================================================================
3.1.7 Other related issues

Please indicate any other issues not covered in the previous discussion points for NB-IoT.

	Company’s name
	Issues and proposals

	Huawei, HiSilicon
	In all the ASN.1 examples above, UE group ID is defined and mapped to the WUS group index defined by RAN1. 

However, we do not think UE group ID is needed. We think RAN2 only needs to define the mapping between the UE to one WUS group index (based on paging probability and/or UE_ID). RAN2 can use the WUS group index defined by RAN1. 

	Qualcomm
	It should be possible to distribute UEs between R15 WUS and R16 WUS.

	
	

	
	


Summary: 
For the first issue, according to discussion and summary for Q11, there has no intention to explicitly define UE group ID. From RAN2 perspective, we think before discussing the mapping between the UE to one WUS group index, e.g., some kind of formula, it’s also important to discuss WUS configuration, e.g., main contents and configuration structure. 

For the second issue, it can be further discussed based on company contributions.
==================================================================================
3.2 eMTC

For R16 WUS group, RAN1 has many similar agreements [5] for eMTC as that for NB-IoT. In the following section, we only discuss the different agreements for eMTC and see whether additional/different configuration would be needed.

We understand the main difference between NB-IoT and eMTC is that, RAN1 has agreed up to 4 orthogonal WUS resources for eMTC. The related agreements are as follows:
	RAN1#98 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


According to above RAN1 agreements for WUS resource, eMTC has more WUS resources than NB-IoT. Moreover, we understand eMTC has similar time-multiplexed way for WUS resources as that for NB-IoT. But different from NB-IoT, eMTC has additional frequency-multiplexed way for WUS resources.
Considering these differences, the following issues need to be re-discussed for eMTC.
Q16. Whether a R16 WUS resource list, e.g., with up to 4 entries is needed in the R16 WUS configuration for eMTC?
	Company
	Yes/No
	Comments

	ZTE
	Yes
	Similar structure as that for NB-IoT.

	Nokia
	Yes
	Similar structure as that of NB-IoT

	Lenovo
	Yes
	Similar structure as that of NB-IoT

	Huawei, HiSilicon
	FFS
	Same reply as in NB-IoT

	Intel
	Yes
	Same as NB-IoT.

	Qualcomm
	FFS
	Same reply as in NB-IoT. The key difference with eMTC is that R15 WUS is cell specific unlike in NB-IoT R15 WUS is carrier specific.

RAN2 should discuss if R16 WUS can be supported by sub-set of the paging carriers. 

	SONY
	Yes
	See Q2.

	Ericsson
	FFS
	The discussion regarding resource configurations is still ongoing in RAN1.

	Sequans
	Yes
	Similar to Q2


Summary:

Among 9 companies:

·    6 companies (ZTE, Nokia, Lenovo, Intel, SONY, Sequans) think similar structure as that for NB-IoT can be used for eMTC and with up to 4 WUS resources in the R16 WUS configuration.

·    2 companies (HW and QC) give similar comments as that for NB-IoT. E.g. they think it may be better to firstly clarify the possible content of WUS resources. Here 1 company also mention R16 WUS configuration can be for a certain carrier even such configuration is configured per cell in R15 eMTC. 

·    1 companies mention FFS regarding resource configurations is still ongoing in RAN1. 
Proposal 17: For eMTC, RAN2 can take this as working assumption for further discussion: A R16 WUS resource list, e.g., with up to 4 entries is needed in the R16 WUS configuration.

==================================================================================

Q17. Besides an explicit indication for indicating which time-multiplexed pattern is configured, whether another explicit indication is needed for indicating which frequency-multiplexed pattern is configured for a WUS resource?
	Company
	Yes/No
	Comments

	ZTE
	Yes
	We think an indication for frequency-multiplexed mode is needed and ok with the following example as “resourceIndication-Freq-r16  ENUMERATED {FreqLocation1, FreqLocation2}”

	Nokia 
	
	

	Lenovo
	Yes
	Similar to the frequency-multiplexed pattern

	Intel
	Yes
	Similar to Rel-15 configuration but note freqLocation-r16 = n4 and freqLocation-r15 = n0 can be invalid configuration.

timeLocation-r16



ENUMERATED {same, different} OPTIONAL,
-- Need ON 


freqLocation-r16



ENUMERATED { n0, n2, n4, spare1} OPTIONAL,
-- Need ON




	Qualcomm
	Yes
	Assume this question is about WUS resource hopping hence hopping should be possible with both time and frequency.

	SONY
	Yes
	

	Ericsson
	FFS
	


Summary:

Most of the 7 companies think frequency-multiplexed pattern would be needed for WUS resource configuration for eMTC. But whether this is related to frequency hopping of WUS resource may need further clarification from RAN1.

Proposal 18: For eMTC, the frequency-multiplexed pattern would be needed for WUS resource configuration.

==================================================================================

With reference to group WUS configuration for NB-IoT and based on option a) in Q5, an example of group WUS configuration for eMTC is as follows:

WUS-Config-r16 ::=


SEQUENCE {


resourceConfig-r16


SEQUENCE (SIZE (1..maxNum-Resource)) OF ResourceConfigInfo-r16

}  //maxNum-Resource = 4
ResourceConfigInfo-r16 ::=

SEQUENCE {

resourceIndication-Time-r16   ENUMERATED {legacy, new},
resourceIndication-Freq-r16   enumerate {FreqLocation1, FreqLocation2}
groupWUS-r16                  SEQUENCE (SIZE (1..maxNum-Group)) OF GroupWUSInfo-r16   OPTIONAL,
-- Need ON     //maxNum-Group = 8
…
} 

GroupWUSInfo-r16 ::=

SEQUENCE {

ueGroup_ID-r16

INTEGER(0..7), 

...
}
Besides the Q16~Q17, we assume Q1, Q3~Q15 would also be applicable to eMTC (Q2 is replaced by Q16) and maybe the related proposals can be easily re-used by eMTC.
Q18. Whether Q1, Q3~Q15 would also be applicable to eMTC and maybe the proposals can be easily re-used by eMTC? If not, please companies indicate the exceptional discussion points.
	Company
	Yes/No
	Comments

	ZTE
	Yes
	No additional comments.

	Lenovo
	Yes
	No additional comments.

	Huawei, HiSilicon
	Yes
	No additional comment

	Intel
	Yes
	

	Qualcomm
	Yes
	Except the following questions/answers.

Question 8: We don’t think RAN1 has agreed for WUS resource hopping for eMTC.

Question 12: While for NB-IoT WUS configuration is per carrier but for eMTC it is per cell. RAN2 should discuss whether to introduce per narrowband R16 WUS configuration. 

	Sony
	Yes
	

	Ericsson
	Yes
	

	Sequans
	Yes
	


Summary:

1 out of 8 companies mention proposal 10 and 10a (related to Q8) would not be directly applied to eMTC. Company also mention RAN2 should discuss whether to introduce per narrowband R16 WUS configuration, we suggest this issue can be discussed together with proposal 18.

In a summary, except some proposals specifically indicated for NB-IoT only, e.g., proposal 10 and 10a (related to Q8), other proposals would be also applied to eMTC. This would be reflected in the summary section as that some proposals are for both NB-IoT and eMTC and other proposals are applied to only NB-IoT or only eMTC.
==================================================================================
3.2.1 Other related issues

Please indicate any other issues not covered in the previous discussion points for eMTC.

	Company’s name
	Issues and proposals

	Qualcomm
	1. It should be possible to distribute UEs between R15 WUS and R16 WUS.
2. With frequency domain R15 & R16 WUS resource configuration there are more combinations for organizing the WUS resources hence the signaling needs support all combinations. 


	
	

	
	

	
	


Summary: These aspects can be discussed based on company contributions.

4 Summary of email discussion

Observation 1: Based on RAN1 agreements, RAN2 assume some parameters, e.g., maximum duration, time offset for different gap types, numPOs and transmit power for WUS sequence can be common for both R15 and R16 WUS configuration. 

Based on the above discussion and observations, following are proposed as result of the email discussion:

The following proposals can be applied to both NB-IoT and eMTC:
Proposal 1: A new optional R16 WUS configuration, e.g., WUS-Config-NB-r16, can be defined in SIB message.

Proposal 2: RAN2 needs to discuss whether it should be possible for the eNB to configure only Rel-16 WUS.
Proposal 4: RAN2 needs to discuss whether a location information of R16 WUS resource, e.g., overlapping with legacy WUS resource or being adjacent to the legacy WUS resource need to be defined.
Proposal 5: All the parameters, maximum duration, time offset for different gap types, numPOs and transmit power for WUS sequence need to be configurable in at least one R16 WUS resource. 

Proposal 5a: If both R15 and R16 WUS are configured, it’s allowed to omit these parameters in R16 WUS configuration and the parameters in R15 WUS configuration can be reused for R16 WUS configuration.
Proposal 6: It should be allowed to configure WUS groups per WUS resource with maximum 8 WUS groups for a WUS resource. 
Proposal 7: RAN2 needs to discuss whether WUS groups for each WUS resource can be configured per gap type.

Proposal 8: It’s no need to define WUS group ID for a WUS group in RAN2 signalling.

Proposal 9: RAN2 needs to discuss whether Rel-16 WUS groups need to be supported on all paging carriers or subset of paging carriers.

Proposal 11: For UE_ID based WUS grouping, it’s enough to only configure number of WUS groups.

Proposal 12: RAN2 needs to discuss whether same WUS group can be used for both service and UE ID based schemes, or there should be two separate sets of WUS groups at the same time, e.g., X (>=0) number of UE based groups and Y (>=0) number of paging probability based groups.
Proposal 13: Two-level WUS configuration in which grouping is firstly based on paging probability, and then UE-ID, can be supported.
Proposal 14: An explicit indication is needed for indicating common WUS type, e.g., legacy R15 WUS sequence or new R16 dedicated WUS sequence.
Proposal 15: RAN2 needs to further discuss whether an indication is needed for enabling UE to detect the common WUS. And if yes, RAN2 can further discuss the following options:
· Option a): an explicit indication

· Option b): an implicit indication when more than one UE groups is configured

· Option c): an implicit indication when common WUS type is configured.
Proposal 16: Network capability indication about supporting R16 WUS grouping is not introduced.
The following proposals can be applied to NB-IoT only:
Proposal 3: For NB-IoT, RAN2 can take this as working assumption for further discussion: A R16 WUS resource list, e.g., with up to 2 entries is needed in the R16 WUS configuration.
Proposal 9a: For NB-IoT, for the carriers supporting Rel-16 WUS, the WUS configuration should be the same (except for the maximum duration which is already carrier specific in Rel-15).
Proposal 10: For NB-IoT, an indication is needed for enabling alternation between WUS resources (WUS resource hopping).
Proposal 10a: For NB-IoT, RAN2 needs to further discuss whether this indication is configured per cell.
The following proposals can be applied to eMTC only:
Proposal 9b: For eMTC, for the carriers supporting Rel-16 WUS, the WUS configuration should be the same.
Proposal 17: For eMTC, RAN2 can take this as working assumption for further discussion: A R16 WUS resource list, e.g., with up to 4 entries is needed in the R16 WUS configuration.

Proposal 18: For eMTC, the frequency-multiplexed pattern would be needed for WUS resource configuration.
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�This is not correct. For NB-IoT WUS is configured per paging carrier, see radioResourceConfigCommonSIB-NB for anchor carrier and SIB22-NB for non-anchor carrier in 36.331. WUS configurations, including no WUS for a carrier.


�Thank you Mungal for pointing this incorrect description. Yes, in NB-IoT, most of parameters are configured common for a cell, but the maximum duration already can be configured per carrier.


�Are you saying eNB shall configure R15 WUS if it configures R16 WUS? See answers to Q1 on this aspect.


�Yes, previously we have such assumption as we think R15 WUS configuration is needed in order to optimize power saving of R15 UE. Moreover, some parameters in R15 WUS configuration can be reused for R16 WUS configuration. 


According to the comments for Q1 from companies, we can see more companies agree some parameters in R15 WUS configuration can be reused for R16 WUS configuration while some companies think it should be possible for eNB to configure only R16 WUS. Then we assume R16 WUS configuration still needs to provide complete configuration structure but in implementation can be delta configured based on R15 WUS configuration (if it exists).


�This is a deviation from how R15 WUS is configured.  There are different ways to achieve the same flexibility as is possible with R15 (e.g. provide a common R16 WUS then for each paging carrier permit delta, or follow R15 scheme). 


�Per our understanding for RAN1 agreements, we think two WUS resources in R16 WUS configuration may be a different requirement from that in R15 WUS, which need to be reflected in RAN2 configuration. But yes, we can agree there may have other ways to do this. And we try to figure out the proposed way by more companies.


�Check with Le.
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