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[bookmark: _Ref429645891]Introduction
In RAN2#101bis, following agreements were made.
	Agreements:
· WUS is an optional UE capability signalled in the RRC RadioPagingInfo(-NB).
· WUS configuration info is broadcasted in IE RadioResourceConfigCommonSIB(-NB) in SIB2(-NB). 
· At least some configuration is also per-carrier configuration in SIB22.
· FFS if certain carriers can be enabled/disabled
· When the UE supports WUS and WUS configuration info is broadcasted, then WUS is used to indicate that the UE shall attempt to receive paging in that cell
· If UE detects WUS the UE shall monitor the following N PO(s) (N≥1), unless paged.
Working assumption:
· RAN2 assume paging operation in MME is not impacted.



In RAN1#92bis following agreements were made for eMTC.
	Confirm Working assumption 
· WUS transmission relative to associated PO of subgroup of UEs is aligned to the start of the configured maximum duration of WUS.
Note: the above applies to at least the case where the gap is large enough for scheduling UE
Note: the above does not imply that subgroup of UEs is introduced and that subgroup is TDM.
· WUS subframe is postponed 
when colliding with SIB1-BR PRBs in non-BL/CE subframes.
FFS: when colliding with the PRBs that carry SIs other than SIB1.
· Note: “Postpone” means the corresponding subframes are not counted as configured maximum WUS transmission duration and actual WUS transmission duration.
· Note: This does not imply that the minimum gap between the end of actual WUS duration and the first associated PO is reduced
· The gap between the end of configured maximum WUS duration and the first associated PO is equal or larger than the minimum value, which is implicitly or explicitly configured and is an absolute number of subframes
Note: UE can assume CRS between the end of configured maximum WUS duration and the first associated PO
Note: The gap should be large enough to warm up tracking loops.
FFS: whether to define UE capability for wake-up time



In this contribution, we discuss on some open aspects of WUS, for example, gap between WUS and PO, 1-to-N mapping and UE sub-grouping per WUS.
[bookmark: Proposal_Pattern_Length]Discussion
Paging response delay
In RAN1, it is still FFS on what is the value of gap between the WUS and associated PO. When a UE receives wake up notification in WUS, it may take some time for the UE to actually be synchronized enough to receive the Paging message. And if it were to use a separate low-power wake-up receiver (WUR), then it also needs some time to switch on the main baseband circuitry. A WUS offset may need to be defined based on the time required for UE to be ready for reading PDCCH after receiving the notification of paging in the WUS. The WUS offset can be configured by dedicated RRC signaling based on UE capability or it could also be a parameter defined as default for all UEs and if some UEs need to negotiate it differently, then could do so. It is understood that the paging message is delayed by at least the WUS offset time unit. 
[bookmark: _Toc494059452][bookmark: _Toc494060704][bookmark: _Toc494065070][bookmark: _Toc494206323][bookmark: _Toc494209201][bookmark: _Toc494324641][bookmark: _Toc494325052][bookmark: _Toc494387800][bookmark: _Toc494395026][bookmark: _Toc506306050][bookmark: _Toc506382948][bookmark: _Toc506383168][bookmark: _Toc506469394][bookmark: _Toc506472227][bookmark: _Toc506477269][bookmark: _Toc506477435][bookmark: _Toc506489371][bookmark: _Toc510190756][bookmark: _Toc510271018][bookmark: _Toc510272212][bookmark: _Toc510272906][bookmark: _Toc510448325][bookmark: _Toc510622515][bookmark: _Toc510705136][bookmark: _Toc510705285][bookmark: _Toc510711509][bookmark: _Toc513567496][bookmark: _Toc513729856][bookmark: _Toc513738232][bookmark: _Toc513738321][bookmark: _Toc513742860][bookmark: _Toc513749718][bookmark: _Toc513751410][bookmark: _Toc513753049]Due to the potential delay in switching on the main baseband circuitry, WUS solution incurs the paging delay of at least WUS offset time unit.
[bookmark: _Toc513738233][bookmark: _Toc513738234]Whether the WUS offset should be configured explicitly or implicitly is currently under discussion in RAN1. To examine this further, consider the case that the parameters of maximum WUS duration and the minimum offset between WUS and PO are cell-specific and broadcast in the system information. In that case, for a UE that is capable of WUS, the starting subframe of the WUS is determined by the UE by calculating the PO location and then working backwards from it to subtract the maximum WUS duration and the configured minimum offset. If the WUS gap offset is configured explicitly, there is some concern that the eNB may not be able to guarantee the precise value of this gap as the starting location of the WUS may collide with an invalid subframe and must be postponed, thus affecting the value of the gap. However, in this case, the fact that the actual transmitted duration of the WUS can be shorter than the maximum configured duration provides the flexibility that is needed to maintain the minimum gap i.e. the actual gap can be larger than the explicitly defined minimum gap. However, defining an explicit minimum gap offset is helpful to the UE to determine the power saving mode it can use during the time duration between receiving the WUS and the PO. 
[bookmark: _Toc513737555][bookmark: _Toc513738199][bookmark: _Toc513742866][bookmark: _Toc513749724][bookmark: _Toc513751416][bookmark: _Toc513753055]The non-zero gap from the end of the configured maximum duration of the WUS until the start of its associated PO should be explicitly defined to be within a minimum value.
When eDRX is configured, a UE can be configured with 1-to-N mapping between WUS and POs. Following agreements were made in RAN1#91, 
Agreement
· In eDRX, from the UE perspective, the default UE configuration is a one-to-one mapping between WUS and PO.
· In eDRX, from the UE perspective, an optional UE configuration is a 1-to-N mapping between WUS and PO.
Note: The WUS design and configuration for eDRX must allow the network to reach a UE within a PTW.
When a UE is configured with eDRX and 1-to-N mapping between WUS and PO such that it results in just one WUS per PTW (for example, N= 4, DRX cycle = 2.56s and PTW length = 10.24s.), this would create a further delay in paging response time if the DL data arrives after the PTW started. Currently if a DL data arrives at the MME or SGW during PTW, the MME can page the UE immediately. In this case, followings are options.
1. MME is not aware of WUS: MME sends the S1 AP paging message to eNB but eNB has to wait until the start of the next PTW as it did not send the WUS at the beginning of current PTW. MME may retransmit S1 AP paging multiple times.
2. MME is aware of WUS: Since eNB did not send the WUS at the start of the PTW, UE would not monitor any POs in the current PTW and MME would have to wait until the start of the next PTW to send the legacy S1 AP paging message to eNB.
[bookmark: _Toc510190757][bookmark: _Toc510271019][bookmark: _Toc510272213][bookmark: _Toc510272907][bookmark: _Toc510448326][bookmark: _Toc510622516][bookmark: _Toc510705137][bookmark: _Toc510705286][bookmark: _Toc510711510][bookmark: _Toc513567497][bookmark: _Toc513729857][bookmark: _Toc513738235][bookmark: _Toc513738322][bookmark: _Toc513742861][bookmark: _Toc513749719][bookmark: _Toc513751411][bookmark: _Toc513753050]If the 1-to-N mapping between WUS and PO results in one WUS per PTW, this would add additional delay in paging response time which may be as high as the duration of eDRX cycle.
The major consequence of this response delay (due to WUS offset and 1-to-N mapping) is twofold (1) huge delay in receiving the DL data that arrived in the middle of PTW (2) MME may retransmit S1 AP paging message frequently. To resolve the issue following options can be considered.
1. eNB makes sure that 1-to-N mapping does not result in a single paging opportunity in a PTW for UE so that paging arrived in the middle of PTW does not suffer excessive delay. This is captured as Note. 
2. The MME needs to be made aware to adjust its paging retransmission strategy (e.g. limit the number of short spaced retransmissions, see TS 23.401) if there are few paging opportunities in a PTW. 
[bookmark: _Toc510190768][bookmark: _Toc510271024][bookmark: _Toc510272912][bookmark: _Toc510448331][bookmark: _Toc510622521][bookmark: _Toc510705142][bookmark: _Toc510705291][bookmark: _Toc510711515][bookmark: _Toc513567501][bookmark: _Toc513729868][bookmark: _Toc513737556][bookmark: _Toc513738200][bookmark: _Toc513742867][bookmark: _Toc513749725][bookmark: _Toc513751417][bookmark: _Toc513753056]1-to-N mapping between WUS and POs does not result in a single paging opportunity in a PTW.
WUS grouping
Legacy paging PO/PF calculations are distributed over the UEs based on the UE ID provided by the MME over S1AP paging message. Since the UE ID is derived from permanent ID called IMSI, it is possible that the UEs monitoring a WUS are further divided into groups based on the same UE ID and the number of UEs waking up for paging message not meant for itself (i.e. false paging) is reduced. However, the savings also depend on paging frequency. In most scenarios of paging for NB-IoT, the device may remain in WUS monitoring mode for a very long time before being paged, i.e. it may receive a message once every few hours. In that case, if the paging frequency itself is very small, we may not need to do sub-grouping of WUS UEs. 
[bookmark: _Toc513738236][bookmark: _Toc513738323][bookmark: _Toc513742862][bookmark: _Toc513749720][bookmark: _Toc513751412][bookmark: _Toc513753051]Sub-grouping of UEs monitoring a WUS is not very useful if the paging frequency is already very low (e.g. < 1%).
For cases where paging frequency is high, it is beneficial to configure sub-grouping of UEs. For example, the range of UE ID is 0 to 1023. Consider total number of UEs is 1024, paging DRX cycle T = 256 and parameter nB = T. In this scenario, four UEs simultaneously monitors a WUS occasion. Then a WUS notification would wake up all four UEs in a WUS occasion. If we divide the UE IDs into two groups, then only two out of four UEs would wake up for paging monitoring. The grouping of the UEs based on the legacy UE IDs can be done in the following ways.
Option # 1: Sending multiple WUS messages in different time resources for different sub-groups for a given PO
In this option, different group of UEs are assigned different resources in the same WUS notification radio frame (e.g., 2 groups of UEs with 2 different resource). However, this option is not resource efficient.
[bookmark: _Toc494059453][bookmark: _Toc494060705][bookmark: _Toc494065071][bookmark: _Toc494206324][bookmark: _Toc494209202][bookmark: _Toc494324642][bookmark: _Toc494325053][bookmark: _Toc494387801][bookmark: _Toc494395027][bookmark: _Toc506306051][bookmark: _Toc506382949][bookmark: _Toc506383169][bookmark: _Toc506469395][bookmark: _Toc506472228][bookmark: _Toc506477270][bookmark: _Toc506477436][bookmark: _Toc506489372][bookmark: _Toc510190758][bookmark: _Toc510271020][bookmark: _Toc510272214][bookmark: _Toc510272908][bookmark: _Toc510448327][bookmark: _Toc510622517][bookmark: _Toc510705138][bookmark: _Toc510705287][bookmark: _Toc510711511][bookmark: _Toc513567498][bookmark: _Toc513729858][bookmark: _Toc513738237][bookmark: _Toc513738324][bookmark: _Toc513742863][bookmark: _Toc513749721][bookmark: _Toc513751413][bookmark: _Toc513753052]Further resource partitioning for the WUS grouping is not resource efficient.
Option # 2: Assign different WUS sequences for different combinations of UE groups within the same WUS occasion. 
In this option, UE IDs are divided into different groups. Different WUS sequences are used for the different group of UEs to notify the indication of paging in the WUS occasion. For example, suppose each group of UEs monitoring a given legacy PO is divided into 2 groups and each is assigned its own sequence. At any given WUS occasion, then the UE may receive a Go-To-Sleep notification or it may receive WUS sequence for group 1, or WUS sequence for group 2, or a WUS sequence notifying both groups have a paging message. This way, the frequency of wake-ups for POs can be reduced by half. Note that it is up to network how to decide the grouping of UEs as it may depend on the paging rate of the UEs.
[bookmark: _Toc494059454][bookmark: _Toc494060706][bookmark: _Toc494065072][bookmark: _Toc494206325][bookmark: _Toc494209203][bookmark: _Toc494324643][bookmark: _Toc494325054][bookmark: _Toc494387802][bookmark: _Toc494395028][bookmark: _Toc506306052][bookmark: _Toc506382950][bookmark: _Toc506383170][bookmark: _Toc506469396][bookmark: _Toc506472229][bookmark: _Toc506477271][bookmark: _Toc506477437][bookmark: _Toc506489373][bookmark: _Toc510190759][bookmark: _Toc510271021][bookmark: _Toc510272215][bookmark: _Toc510272909][bookmark: _Toc510448328][bookmark: _Toc510622518][bookmark: _Toc510705139][bookmark: _Toc510705288][bookmark: _Toc510711512][bookmark: _Toc513567499][bookmark: _Toc513729859][bookmark: _Toc513738238][bookmark: _Toc513738325][bookmark: _Toc513742864][bookmark: _Toc513749722][bookmark: _Toc513751414][bookmark: _Toc513753053]Different WUS sequences can be used to different group of UEs to reduce the false notification.
Option # 3: Group Indication in WUS payload
In this option also, UE IDs are divided into groups. The WUS consists of an initial preamble (i.e. identifying common sequence) and also a payload. In the payload of the WUS, the group ID is indicated so that only the UEs belonging to the group ID in the WUS occasion start to monitor the legacy paging. However, it is up to RAN1 to decide whether there are enough resources to design such a payload.
[bookmark: _Toc494059455][bookmark: _Toc494060707][bookmark: _Toc494065073][bookmark: _Toc494206326][bookmark: _Toc494209204][bookmark: _Toc494324644][bookmark: _Toc494325055][bookmark: _Toc494387803][bookmark: _Toc494395029][bookmark: _Toc506306053][bookmark: _Toc506382951][bookmark: _Toc506383171][bookmark: _Toc506469397][bookmark: _Toc506472230][bookmark: _Toc506477272][bookmark: _Toc506477438][bookmark: _Toc506489374][bookmark: _Toc510190760][bookmark: _Toc510271022][bookmark: _Toc510272216][bookmark: _Toc510272910][bookmark: _Toc510448329][bookmark: _Toc510622519][bookmark: _Toc510705140][bookmark: _Toc510705289][bookmark: _Toc510711513][bookmark: _Toc513567500][bookmark: _Toc513729860][bookmark: _Toc513738239][bookmark: _Toc513738326][bookmark: _Toc513742865][bookmark: _Toc513749723][bookmark: _Toc513751415][bookmark: _Toc513753054]It is up to RAN1 if any payload in the WUS is possible to carry the group ID for the wake up notification.
[bookmark: _Toc510271025][bookmark: _Toc510272913][bookmark: _Toc510448332][bookmark: _Toc510622522][bookmark: _Toc510705143][bookmark: _Toc510705292][bookmark: _Toc510711516][bookmark: _Toc513567502][bookmark: _Toc513729869][bookmark: _Toc513737557][bookmark: _Toc513738201][bookmark: _Toc513742868][bookmark: _Toc513749726][bookmark: _Toc513751418][bookmark: _Toc513753057]For a given cell, sub-grouping the UEs monitoring a WUS is configurable. It is up to RAN1 on how resources for sub-grouping are allocated and how the sub-group ID is conveyed.
[bookmark: _Toc478131478][bookmark: _Toc478158690][bookmark: _Toc478131479][bookmark: _Toc478158691]Summary 
Based on the above discussion, we have following observations:
Observation 1 Due to the potential delay in switching on the main baseband circuitry, WUS solution incurs the paging delay of at least WUS offset time unit.
Observation 2 If the 1-to-N mapping between WUS and PO results in one WUS per PTW, this would add additional delay in paging response time which may be as high as the duration of eDRX cycle.
Observation 3 Sub-grouping of UEs monitoring a WUS is not very useful if the paging frequency is already very low (e.g. < 1%).
Observation 4 Further resource partitioning for the WUS grouping is not resource efficient.
Observation 5 Different WUS sequences can be used to different group of UEs to reduce the false notification.
Observation 6 It is up to RAN1 if any payload in the WUS is possible to carry the group ID for the wake up notification.
[bookmark: _GoBack]Based on the observations and discussion, we propose:
Proposal 1.	The non-zero gap from the end of the configured maximum duration of the WUS until the start of its associated PO should be explicitly defined to be within a minimum value.
Proposal 2.	1-to-N mapping between WUS and POs does not result in a single paging opportunity in a PTW.
Proposal 3.	For a given cell, sub-grouping the UEs monitoring a WUS is configurable. It is up to RAN1 on how resources for sub-grouping are allocated and how the sub-group ID is conveyed.
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