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Introduction
[bookmark: _Ref421460494]In RAN 1 #92bis, it was agreed that:
Agreement
Confirm the following 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
Agreement
3 bits are used to indicate the scaling factors between maximum duration of WUS and Rmax associated with type 1 CSS
Agreement
· 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 subfames 
· There are at least 10 valid subframes between the end of configured maximum WUS duration and the first associated PO.
· FFS: whether to define UE capability for wake-up time 
Agreement
WUS is postponed in subframes that are not NB-IoT DL subframes and is not transmitted [FFS dropped/postponed] in the subframes that carries 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
In this paper, we discuss on how to determine the resource for wake up signal for NB-IOT. 
Configuration and mechanism for WUS
Scaling factors of maximum duration of WUS
The Rmax, max repetition number of NPDCCH, is within the range of {1, 2, 4, 8, 16, 32, 64, 128, 256, 512, 1024, 2048} subframes. And for each Rmax, the CSS monitoring sets was in Table 1. Based on the assumption in many papers (with/without simulation verification), 1/16 energy is needed to detect WUS than NPDCCH. In order to achieve better performance, WUS shall occupy one PRB as NPDCCH. In RAN 1 #92bis meeting, it was agreed to have 3 bits to indicate the scaling factors. Therefore, it is reasonable to set Dmax (maximum duration of WUS) = Rmax*K, where K = {[1/4], 1/8, 1/16, 1/32, 1/64, 1/128, reserved, reserved}. For the case of K =1/4, compared with no-WUS case, the power consumption saving is too limited but the resource is too much. 
Proposal #1: Maximum duration Dmax is determined by Dmax = Rmax*K, where K = {[1/4], 1/8, 1/16, 1/32, 1/64, 1/128, reserved, reserved}.
Since the monitoring sets for paging is pre-defined, the potential WUS transmission duration can be also pre-defined as D = floor(R*K), where R is the repetition level of each Rmax. For example, when Rmax = 512, and K =1/ 8, the potential WUS transmission duration is {1, 2, 4, 8, 16, 32, 64}
Proposal #2: The potential WUS transmission duration is determined by D = floor (R*K), where R is the repetition level of NPDCCH for each Rmax, K is the scaling factor of WUS configured in SIB. 
Table 1
	Rmax
	Common search space monitoring sets

	1
	{2, 1, 1}                                                                                                                                                                                                                            

	2
	{2, 1, 1}, {2, 2, 1}                                                                                                               

	4
	{2, 1, 1}, {2, 2, 1}, {2, 4, 1}                                                                                               

	8
	{2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}                                                                                

	16
	{2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}                                                              

	32
	{2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}                                            

	64
	{2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}

	128
	{2, 1, 1}, {2, 2, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}

	256
	{2, 1, 1}, {2, 4, 1}, {2, 8, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}

	512
	{2, 1, 1}, {2, 4, 1}, {2, 16, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}, {2, 512, 1}

	1024
	{2, 1, 1}, {2, 8, 1}, {2, 32, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}, {2, 512, 1}, {2, 1024, 1}

	2048
	{2, 1, 1}, {2, 8, 1}, {2, 64, 1}, {2, 128, 1}, {2, 256, 1}, {2, 512, 1}, {2, 1024, 1}, {2, 2048,1}      


Collision with SIs other than SIB1-NB and DL gap
It was agreed that WUS is postponed in subframes that are not NB-IoT DL subframes. Different from eMTC, in NB-IoT, the transport block of other SIs other than SIB1-NB is transmitted over 8 consecutive valid DL subframes and repeat every 2/4/8/16 radio subframe within a SI window. It will occupy 8 out of 160 subframes to all of the subframe within a SI window. In this case, it is better to drop the transmission of WUS on these subframes if collide with SIs. That is, SIs transmission other than SIB1-NB will be counted as “virtual transmission” when counting the “actual transmission duration of WUS”.  WUS is different with NPDCCH search space, because current NPDCCH search space will be dropped if there are less than 4ms to next NPDCCH search space. WUS has a follow up legacy NPDCCH search space for paging. 
Proposal #:3: WUS subframe is dropped when colliding with PRBs carrying SIs other than SIB1-BR.
Other than SIs, there are DL gap for DL transmission other than SIBs in NB-IoT. Similar as SIs other than SIB1-NB, DL gap will last for several consecutive subframes, therefore, it is not reasonable to postpone the transmission WUS. WUS subframe is dropped during DL gap.
Proposal #4: WUS subframe is dropped during DL gap.
In general, the principle of WUS transmission is best effort. Even though the WUS transmission cannot be guaranteed, or WUS is not transmitted at all for some cases, it will not have impact on paging receiving. 

Configuration and determination of WUS resource
For the determination of WUS resource, it was agreed that WUS transmission is aligned to the start of the configured maximum duration of WUS, shown as Figure 1. As discussed in [1], there are two methods to configure the resource of WUS:
· Alt1：Configure a gap (i.e., Gap 1 in Figure 1) from the start of WUS to PO and maximum duration of WUS. UE can determine the starting position of WUS based on the gap directly. In this case, eNB shall ensure there is a gap from the end of WUS (of the maximum duration) to the start of PO, shown as Figure 1. 
· Alt 2：Configured the gap (i.e., Gap 2 in Figure 1) from the end of maximum transmission duration of WUS to PO. UE needs to calculate the starting position based on the gap and the maximum transmission duration of WUS. 
Since WUS subframe is postponed when colliding with SIB1 or in non-NB-IoT DL subframe, it is very hard to calculate the starting position for Alt 2 
For Alt 1, it is very easy for UE to determine starting subframe of WUS with the gap (Gap 1) from the start of max WUS to the PO. For eNB, it can roughly calculate for the worse case of one setting of SIB1-NB and NB-IoT DL subframes, which is pre-determined by eNB, and choose an offset/gap value which can ensure the minimal gap (Gap 2) from the end of max WUS duration to the PO. It is feasible to determinate the WUS starting subframe based with Alt 1.
Alternative, some pre-defined rule/clarification of UE behavior can be defined if the minimal gap between the end of max WUS duration or the actuation transmission of WUS to the PO (Gap 2) cannot be ensured. Since eNB may not always transmit max WUS, it is make sense that, require the gap between the end of actuation transmission of WUS to the PO is larger than minimal gap (Gap2). For UE, it can stop the detection before the minimal gap to the PO. In this case, for some WUS for some PO, it may not always transmit max WUS duration. 
Proposal #5: Introduce a RRC parameter to configure the offset/gap between the starting subframe of WUS to the first associated PO. 
Proposal #6: The actual WUS transmission stops at minimal gap before PO.  

     
Figure 1 
Considered the above potential max transmission duration is 256, if configure the gap from the start of WUS to the PO, 2 bits can indicate 4 values of absolute subframe(ms) from e.g., floor{1.25*Dmax, 1.5*Dmax, 2Dmax, 4Dmax} to determine the starting subframe of WUS and ensure the gap after WUS to PO.
Proposal #7: Configure the absolute value (ms) of the gap from the start of maximum transmission duration of WUS to the corresponding PO in SIB with 2 bits from a pre-defined set of floor {1.25*Dmax, 1.5*Dmax, 2Dmax, 4Dmax}.	
Sub-grouping UE of one PO
If the paging rate is very high, UE will be always waked up as long as one of the UE belonging to the same PO got paged. In RAN 1 #90, it was discussed if one wake up signal can apply to a sub-group of UEs of one PO. However, more POs can be configured within on DRX cycle. There is no much motivation to further divide UE associated with one PO into sub-group. On the other hand, it is complicated for UE to determine the location of wake up signals, if TDM is used for sub-group of UE. Moreover, since UE may have clock drift, with TMD manner, if same sequence is used for wake up signal, UE may detect the wake-up signal for other sub-group of UEs if same sequence is used. 
If CDM is used, UE needs to detect for two sequences, one is for its sub-group, and the other is to wake UEs of the whole PO. It will require more time for detection and more UE buffer. In addition, more number of WUS sequences with good cross-correlation are required for the sequence pool. This increases the sequence design burden and may result in sacrifice on the correlation property. The performance hasn’t been well studied. Considering the limited time, it is suggest that not to support sub-group of WUS in Rel-15.  
Proposal #8: Not support on one wake-up signal applied to a group of more than one of the UEs associated to a PO in a NB-IoT carrier.
Mapping of WUS and PO(s)
For NB-IoT, UE calculates Ns based on nB and T, where nB and T are configured by eNB. When Ns >1, there are more than one subframe in a paging frame as PO for different groups of UEs. If NPDCCH needs some repetitions, eNB can only transmit one paging message for the case of Ns >1. Since the scrambling sequence is generated based on subframe index, it will not cause false alarm of NPDCCH. However, in this case, it is very hard to find resource for WUS transmission between POs. When Ns =4, subframe 4 and 5 are used without gap.  
If WUS is supported when Ns >1 or 2, it is better to transmit WUS before each PF than each PO. More than one POs on the same PF can be grouped together and link to one WUS. UE can determine the WUS time domain resource based on the first PO in PF.  
Proposal #9: If WUS is supported when Ns >1, POs on the same PF are trigged by one WUS, and the time domain resource of the WUS is determined based on the first PO on the PF. 
Conclusion
In this contribution, techniques for DL power consumption reduction for NB-IOT were discussed. Based on the observations and analysis, we proposed:
Proposal #1: Maximum duration Dmax is determined by Dmax = Rmax*K, where K = {[1/4], 1/8, 1/16, 1/32, 1/64, 1/128, reserved, reserved}.
Proposal #2: The potential WUS transmission duration is determined by D = floor (R*K), where R is the repetition level of NPDCCH for each Rmax, K is the scaling factor of WUS configured in SIB. 
Proposal #:3: WUS subframe is dropped when colliding with PRBs carrying SIs other than SIB1-BR.
Proposal #4: WUS subframe is dropped during DL gap.
Proposal #5: Introduce a RRC parameter to configure the offset/gap between the starting subframe of WUS to the first associated PO. 
Proposal #6: The actual WUS transmission stops at minimal gap before PO.  
Proposal #7: Configure the absolute value (ms) of the gap from the start of maximum transmission duration of WUS to the corresponding PO in SIB with 2 bits from a pre-defined set of floor {1.25*Dmax, 1.5*Dmax, 2Dmax, 4Dmax}.	
Proposal #8: Not support on one wake-up signal applied to a group of more than one of the UEs associated to a PO in a NB-IoT carrier.
Proposal #9: If WUS is supported when Ns >1, POs on the same PF are trigged by one WUS, and the time domain resource of the WUS is determined based on the first PO on the PF. 
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