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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#94, the following agreements were made on specific support of UE-group Wake Up Signal.
UE-group WUSs are only multiplexed in the same carrier as associated PO
· FFS TDM/CDM for UE-group NWUS multiplexing

Rel-16 UE-group NWUS sequence should consider at least
· Fallback to legacy UE behavior
· Inter-cell interference randomization
· UE group ID for different UE-group NWUS
· Reuse of Rel-15 sequences is not precluded
· Effect of sequence detection on UE complexity
Study the RAN1 consequence of UE-grouping on the following basis:
· UE ID
· Coverage
· DRX/eDRX
· Gap configuration
· Services

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.
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Basic Configuration for UE-Grouping for WUS 
There can be several 100,000 UEs with same UE_ID sharing same configuration for  Paging Frame (PF) / Paging Opportunities (PO) in the same network depending on paging parameters - i.e. nB broadcast on SIB2, paging cycle length. Only practical numbers of UEs can be paged at any given time in PF / PO due to finite physical resources for NPDCCH (2NCCEs per RB in CSS Type 1) and NPDSCH. Several RBs will be needed for NPDCCH / NPDSCH to transmit paging message depending on level of repetitions. 
Grouping of UEs for paging is used in real-life networks to page smaller number of UEs per PO (further details in [2]). 
· MME level: Tracking Area (TA) with several eNBs indicated in Tracking Area List (TAL), Tracking Area Code (TAC)
· RAN level: Paging messages scheduled by eNB
Observation 1: Grouping of UEs at MME-level and RAN-level is used in real-life networks to page UEs per PO. 
Figure 2 illustrates the RAN-level UE grouping for paging. 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.
Observation 2: There can be a minimum of 1 UE group and a maximum N*Ns*Nn UE groups for paging linked to UEs sharing same UE_ID, where N=min(T, nB), Ns=max(1,nB/T), and Nn is the number of paging carriers. 
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Figure 1 Example of RAN level UE grouping for paging.

Consider an example of paging configuration with one paging carrier , paging cycle T =256, nB=32(=T/8=256/8), N=min(T, nB)=32 PFs per paging cycle = 2560 ms and Ns= max(1,nB/T)=1 PO per PF. There are 32 POs per paging cycle and the interval between two POs is 80ms. Further, assume there are 720,000 UEs in the tracking area with uniformly random UE_ID, or 22500 UEs associated with a PO on average. Once a UE in the PO has been paged, all other UEs in the same PO detecting the WUS will need to decode the paging message. In case there are Ns=4 POs per PF, there are 5625 UEs associated in a PO and interval between two POs is 20ms. In case UEs are stationary devices such as smart meters and only paged once per day, the probability of unnecessarily waking up a device can be reasonably small (i.e. 0.166 =22500 or 5625 *2.56 / (24*3600))). WUS configuration with no WUS-specific UE grouping reuse UE grouping for paging.  
Observation 3: WUS configuration with no WUS-specific UE grouping reuse UE grouping for paging. 
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 groups time domain multiplexed in the same carrier. Only the UEs in a PO that are associated to the same WUS UE group need to wake up whenever any of the UE in the same paging UE group has been paged. This allows further power consumption reduction. The WUS grouping linked to UE_ID and DRX/eDRX is signalled via RRC common signalling (i.e. via SIB). The number of WUS UE groups within a PO is configurable.  The eNB may configure a UE to be part of a given WUS UE group within a PO (i.e. sub-group) via RRC dedicated signalling. Note that the basic UE grouping for WUS is the same as UE grouping for paging with G=1. It is proposed that the UE-group WUS reuse the same UE-group paging and TDM for WUS UE-group multiplexing to minimize change to the legacy paging procedure.
Proposal 1: UE grouping for WUS associated with a PO is linked to UE_ID and RRC DRX configuration via SIB in similar way as UE grouping for paging.
Proposal 2. UE-group WUSs are Time Domain Multiplexed in the same carrier as associated PO.
Proposal 3: A UE is configured to be in a UE-group WUS within PO via RRC dedicated signalling.
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Figure 2. Example of UE grouping for WUS with G=1 and G=4 

Aspects of UE-Grouping for WUS
The UE may need to receive NPDCCH in Common Search Space Type 1 and associated NPDSCH for paging with many repetitions depending on coverage conditions. NPDCCH cannot be transmitted in DL invalid subframes. The interval between two POs needs to be large enough to accommodate PDCCH and PDSCH with repetitions. Figure 3 illustrates an example of PO configuration that although there are 4 PO candidates in a PF, only 1 PO can be configured by the network due to repetitions of NPDCCH.
Proposal 4: The configuration of UE grouping for WUS takes into account the WUS repetition level and the gap between WUS and associated NPDCCH for paging.  
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Figure 3. Example of PO configuration with 16 repetitions for NPDCCH

In the example in previous section, the probability of unnecessarily waking up a UE can be reduced. With G=5 WUS signals associated to a PO, in average 1406 (=5625/5) UEs will be associated to the same WUS. The probability of unnecessarily waking up a device reduces to 0.041 (=1406 *2.56 / (24*3600)). There is a trade-off between UE’s main receiver wake up (result in UE’s power consumption) and WUS resource overhead. Consider a group of UEs with same duty cycle, evenly paged in the duty cycle, and idle mode DRX cycle 2.56 sec. The paging probability is listed in Table 4. The UE’s main receiver wake up probability is shown in Figure 4.
· 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 4: Duty cycle and paging probability of UEs in a WUS group
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Figure 4: WUS association and UE’s main receiver wake up probability
Figure 5 shows that the WUS resource overhead increases with the number of UE groups. Table 5 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%.   Figures 4 and  5 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-group WUS is 4.

	
	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 5: UE CE level distribution probability and the corresponding WUS repetition number
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Figure 6: WUS resource overhead
The eNB can fall back to legacy UE behaviour and postpone paging or drop paging in configured PO if there is no associated WUS configured before the PO. It can be up to the eNB to prioritize paging to UE for PO when there is associated WUS. The WUS periodicity is a multiple of DRX cycle. This solution has more flexibility than increasing DRX cycle for paging and transmit WUS before each PO. The eNB can configure different periodicity for the WUS configuration of UEs. The eNB may postpone scheduling paging until corresponding WUS is scheduled. It is unlikely that proposed way will result in some missed paging messages. Fallback to legacy UE behaviour can be extended to eDRX where the UE monitors N PO(s) (N≥1) within Paging Time Window (PTW), unless paged.
Proposal 6: eNB can fall back to legacy UE behaviour where it configures WUS with periodicity that is a multiple of DRX periodicity and drops paging in configured PO if there is no associated WUS.
Conclusion
In this contribution, we discussed design aspects for NB-IoT coexistence with NR and made the following observations and proposals.
Observation 1: Grouping of UEs at MME-level and RAN-level is used in real-life networks to page UEs per PO. 
Observation 2: There can be a minimum of 1 UE group and a maximum N*Ns*Nn UE groups for paging linked to UEs sharing same UE_ID, where N=min(T, nB), Ns: max(1,nB/T), and Nn is the number of paging carriers. 
Observation 3: WUS configuration with no WUS-specific UE grouping reuse UE grouping for paging. 
Proposal 1: UE grouping for WUS associated with a PO is linked to UE_ID and RRC DRX configuration via SIB in similar way as UE grouping for paging.
Proposal 2. UE-group WUSs are Time Domain Multiplexed in the same carrier as associated PO.
Proposal 3: A UE is configured to be in a UE-group WUS within PO via RRC dedicated signalling.
Proposal 4: The configuration of UE grouping for WUS takes into account the WUS repetition level and the gap between WUS and associated NPDCCH for paging.  
Proposal 5: The number of UE-group WUS is 4.
Proposal 6: eNB can fall back to legacy UE behaviour where it configures WUS with periodicity that is a multiple of DRX periodicity and drops paging in configured PO if there is no associated WUS.
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(b) WUS with UE Grouping (G=4)
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