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Introduction
A new RAN1-led Working Item on Rel-16 enhancements for NB-IoT was approved at RAN Plenary #80 [1].  In RAN1#94bis, the following agreements were made on specific support of UE-group Wake Up Signal.

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.
FFS: The number of UE groups is configured by SIB.
Note that the UE-group NWUS is UE optional

From a RAN1, perspective, UE grouping is based on at least UE ID or some function of UE ID.
The legacy UE should not be prevented from using legacy WUS even in the case of Rel-16 group WUS is enabled
· Performance impact on legacy WUS should be carefully considered
Group WUS is based on at least legacy WUS and UE-group ID.
Configuration of group WUS is at least signaled in SI
A Rel-16 group WUS capable UE shall also be capable of Rel-15 legacy WUS
Rel-16 UE-groups WUS with same DRX/eDRX gap configuration are multiplexed with TDM and/or single sequence CDM
· FFS: Whether single sequence CDM can include legacy WUS
· FFS: Multiplexing between Rel-15 and Rel-16 UE groups
· Note: Single sequence CDM is where different sequences share the same resource and only one sequence is transmitted at a given time

RAN2#101 made the following agreements
· 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.
RAN2#101bis made the following agreements
· If UE detects WUS the UE shall monitor the following N PO(s) (N≥1), unless paged.

In this contribution, aspects of UE group Wake up Signal are further discussed.
[bookmark: _Ref481671177]

UE Grouping and UE Sub-Grouping for WUS 
Rel-15 WUS monitoring behaviour
In RAN1#94bis, it was agreed that  “From a RAN1, perspective, UE grouping is based on at least UE ID or some function of UE ID”. It was further agreed that “Group WUS is based on at least legacy WUS and UE-group ID”. WUS sub-grouping is not supported in Rel-15. The UE configured with a default configuration one-to-one mapping between WUS and PO. The effectively implies that the basic WUS grouping is the same as paging grouping. Figure 1 illustrates the paging grouping. Each UE is identified by a UE_ID linked to the UE IMSI, where UE_ID=IMSI mod 4096. A Paging Frame (PF) is one Radio Frame and may contain one or multiple Paging Opportunities (PO).  A PF is linked to System Frame Number (SFN) and UE_ID as follows
PF=SFN mod T= (T div N)*(UE_ID mod N)
Where, 
· T is DRX cycle, typically set to DefaultPagingCycle=128, 256, 512, 1024 radio frames (10ms) 
· N=min (T, nB), where nB: 4T, 2T, T, T/2, T/4, T/8, T/16, T/32, T/64, T/128, T/256, T/512, T/1024
The UE monitors one PO per DRX cycle. The number of POs in a PF is determined by Ns=max(1,nB/T). Index i_s= floor(UE_ID/N) mod Ns points to PO within PF.
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Figure 1 Example of Paging grouping.
Observation 1: The Rel-15 WUS grouping is the same as paging grouping based on a UE_ID function of DRX/eDRX cycle and paging parameter.
In Release 15, the gap duration between WUS and associated PO is linked to the DRX/eDRX configuration. For DRX, a gap duration is configured with a value range of {40ms, 80ms, 160ms, 240ms}. For eDRX, a short gap is configured with a value range of {40ms, 80ms, 160ms, 240ms} and another longer gap can be optionally configured with a value range of {1s, 2s}. The short gap can be same or larger than the gap configured for DRX. For eDRX, if a short gap (G1) and a longer gap (G2) are both configured, and the configured gap (G1 for Case 1 and G2 for Case2) is the same as “minimum gap between WUS and associated PO” reported by UE.

	UE reported one capability of “minimum gap between WUS and associated PO”
	UE expects the WUS with G1
	UE expects the WUS with G2

	Case 1: {40ms or 240ms}
	Y
	N

	Case 2: {1s or 2s}
	N
	Y



Observation 2: The UE configured with the Rel-15 WUS grouping uses a gap duration based on DRX / eDRX – i.e. the gap duration is {40ms, 80ms, 160ms, 240ms} for DRX and short gap / long gap is {40ms, 80ms, 160ms, 240ms} / {1s, 2} for eDRX. 
UE sub-grouping for WUS
It may be desirable to have finer granularity for grouping UEs for WUS. In case UE in paging group detects WUS if other UEs in same paging group are paged, the UE will need to wake up and detect NPDCCH / NPDSCH to receive paging message. Depending on paging load, the UE may need to wake up many times. Consider case where there are several WUS signals allocated in a PO. Figure 2 shows an example where UEs associated with same PO can be further divided into G=4 WUS UE subgroups time domain multiplexed in the same carrier. In the example, the UEs have same coverage class (i.e. similar WUS duration) and similar gap duration. To guarantee that there is a sufficient gap between the end of any of the four WUS UE subgroups, the gap duration TGAP#i for the ith WUS must verify the condition 
SUM{TWUS#i+1} + TGAP >= max TGAP#i.
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Figure 2. Example of UE sub grouping for WUS with G=1 and G=4 
The UEs in each WUS UE subgroup must have the similar WUS gap. From UE power consumption viewpoint, it is not desirable to have UEs in a subgroup with short and long gap durations. The UE with a short gap of 40 ms configured for DRX will need to maintain synchronization for a longer time if some UEs in the UE subgroup are configured with a longer short gap of 240 ms. In case longer gaps for eDRX, a UE configured with 1s long gap may need to maintain symchronization for up to 2s if some UEs in the UE subgroup are configured with a long gap of 2s. In paging procedure, the network may assume that an idle UE has the same coverage class based on last time it was in connected cell in a given serving cell. If paging fails, the eNB may re-transmit paging message in the serving cell with more repetitions, and if it fails again the eNB may send paging in other cells within the tracking area. A similar assumption for the coverage class for WUS with UE subgrouping can be used. 
Observation 3: UE gap duration needs to be taken into account in UE sub-grouping of WUS to avoid power consumption impact.
Observation 4: Coverage class for WUS UE sub grouping is based on paging assumption for coverage class.
Proposal 1: The UE sub-grouping for WUS is based on legacy WUS, UE-group ID, gap duration.
The basic UE sub-grouping for WUS is the same as UE grouping for paging with G=1. The configuration for paging grouping is linked to UE_ID and DRX/eDRX can be signalled via RRC common signalling (i.e. via SIB). Hence, it seems reasonable that at least the configuration of WUS sub-grouping linked to UE_ID and DRX/eDRX can be signalled via RRC common signalling (i.e. via SIB). 
Proposal 2: The configuration of WUS sub-grouping linked to UE_ID and DRX/eDRX is signalled via RRC common signalling (i.e. via SIB).
The number of WUS UE subgroups within a PO is configurable. WUS subgroup capable UEs do not need to know how many UE subgroups there can be for an associated PO. It is sufficient if the UE knows the associated PO (i.e. based on UE ID and DRX/eDRX indicated via SIB), the WUS duration, and the gap. In case TDM is used, the gap may take into account the WUS duration of other WUS transmissions. This way has simpler implementation that does not require timing to be determined based on other WUS UE subgroups for the processing timeline. As an example using Figure 2, the gap for UE in UE subgroup with WUS#0 is the sum of WUS#1, #2, #3 duration and time duration between the end of WUS#3 and beginning of associated PO. In Release 15, the WUS duration and the gap is configurable.  It is not desirable to indicate the configuration of the WUS duration or gap for UE subgrouping via SIB as it will not allow eNB to change configuration of WUS duration and gap flexibly. 
Proposal 3: The configuration of WUS duration and gap for a UEs in a UE subgroup WUS is indicated via RRC dedicated signalling – FFS details.
Two options are considered for the multiplexing of UE subgroup WUS – time domain multiplexing and code domain multiplexing. Code Domain Multiplexing of WUS for UE subgroups may have benefit in terms of resource efficiency, but it is expected that there could be some impact on WUS detection performance. It is also expected that the pairing of UE subgroup with same WUS duration or compatible WUS duration to avoid significant impact on WUS detection will result in lack of eNB scheduler flexibility. It is proposed that the UE subgroup WUS are Time Domain Multiplexed for WUS UE-groups as illustrated in Figure 2. There is no impact expected on WUS detection performance with time domain multiplexing of WUS for UE subgroups and no issue expected for eNB scheduler flexibility.
Proposal 4. UE subgroups WUSs are Time Domain Multiplexed in the same carrier as associated PO.
Number of UE Sub Groups for WUS
Consider a subgroup of UEs with same duty cycle, uniformely paged in the duty cycle, and idle mode DRX cycle 2.56 sec. The paging probability is listed in Table 1. The wake up probability for a UE in a DRX cycle should be determined by  , where x is the paging probability of a UE in a DRX cycle and n is number of UE associates to the same PO (or WUS). The UE’s main receiver wake up probability is shown in Figure 3.
· With 100 UEs associated to a WUS and duty cycle 1 min, the UE’s main receiver wake up probability is 0.99. 
· With 50 UEs associates to a WUS and duty cycle 15 mins, the main receiver wake up probability is 0.13. 

	Duty cycle
	1 min
	5 mins
	10 mins
	15 mins
	30 mins
	60 mins

	Paging probability 
	0.0427
	0.0085
	0.0043
	0.0028
	0.0014
	0.0007


Table 1: Duty cycle and paging probability of UEs in a WUS group
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Figure 3: WUS association and UE’s main receiver wake up probability
[bookmark: _GoBack]Table 2 list the UE CE level distribution probability and the corresponding WUS repetition number. Figure 4 shows that the WUS resource overhead increases with the number of UE groups. Table 2 list the UE CE level distribution probability and the corresponding WUS repetition number. To guarantee a WUS detection rate < 1%, the eNB transmit WUS with repetitions for all UEs in the UE group assuming worst case in extreme coverage. This requires up to 125% increase in WUS overhead per DRX cycle with 100 UE groups.  For stationary case, if the eNB can store CE level information of UEs associated to the same WUS and only transmit WUS with the required number of repetitions, the overhead may reduce to 20%.   
	
	144 dB MCL
	154 dB MCL
	164 dB MCL

	UE CE level distribution probability 
	0.85
	0.0
	0.05

	WUS repetition number
	1
	16
	32


Table 2: UE CE level distribution probability and the corresponding WUS repetition number
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Figure 4: WUS resource overhead
The analysis above suggest 4 WUS UE groups per associate PO is reasonable compromise between resource efficiency and probability of UE’s main receiver wake up. 
Proposal 5: The number of UE subgroups for WUS is 4.

Conclusion
In this contribution, we discussed design aspects for NB-IoT coexistence with NR and made the following observations and proposals.
Observation 1: The Rel-15 WUS grouping is the same as paging grouping based on a UE_ID function of DRX/eDRX cycle and paging parameter.
Observation 2: The UE configured with the Rel-15 WUS grouping uses a gap duration based on DRX / eDRX – i.e. the gap duration is {40ms, 80ms, 160ms, 240ms} for DRX and short gap / long gap is {40ms, 80ms, 160ms, 240ms} / {1s, 2} for eDRX. 
Observation 3: UE gap duration needs to be taken into account in UE sub-grouping of WUS to avoid power consumption impact.
Observation 4: Coverage class for WUS UE sub grouping is based on paging assumption for coverage class.
Proposal 1: The UE sub-grouping for WUS is based on legacy WUS, UE-group ID, gap duration.
Proposal 2: The configuration of WUS sub-grouping linked to UE_ID and DRX/eDRX is signalled via RRC common signalling (i.e. via SIB).
Proposal 3: The configuration of WUS duration and gap for a UEs in a UE subgroup WUS is indicated via RRC dedicated signalling – FFS details.
Proposal 4. UE subgroups WUSs are Time Domain Multiplexed in the same carrier as associated PO.
Proposal 5: The number of UE-group WUS is 4.
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(a) WUS without UE sub-Grouping (G=1)
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(b) WUS with UE sub-Grouping (G=4)
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