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Introduction
[bookmark: _Ref421460494]In RAN 1 #90bis, it was agreed that:
Agreements:
· RAN1 assumes that introduction of WUS does not alter PO/PF definition
· At least in a UE’s DRX cycle:
· WUS supports at least being applied to all the UEs monitoring WUS associated to a PO in a cell NB-IoT carrier;
· FFS: eNB can configure WUS being applied to a group of more than one of the UEs associated to a PO in a cell NB-IoT carrier
· Send LS to request RAN2 input on feasibility of UE groups for WUS. (Xiaolei, HiSilicon, prepare draft LS in R1-1719102, which is endorsed and approved in R1-1719207)
Working assumption:
· At least in a UE’s DRX cycle, how the UE knows the WUS time location, is:
· A WUS has a time location which is configurable with respect to the associated PO(s) location(s)
Agreements: 
· At least in a UE’s DRX cycle, one WUS informs UE whether to monitor the PO in a single DRX cycle 
· Include in the LS to RAN2, to request input on the feasibility of WUS applying to more than one PO in a PTW for eDRX case 

In this paper, we discuss on the configuration of wake up signal for NB-IOT. 
Association between wake-up signal and PO(s)
In the agreed evaluation assumption, 10% paging rate is assumed. However, this paging rate is related to traffic model and also the number of POs in a DRX cycles. According the analysis in [1], 
According to the traffic model in TR 45.820, assuming there are 80% UEs with MAR report and 20% UEs with Network command, there are about 1.36 paging arrivals (6.8 * 20% per second) per second in a cell. 
So during one DRX cycle (2.56s for Scenario A), in average, there are about 4 paging demands (1.36 *2.56s) per DRX cycle.  In order to achieve 10% paging rate, about 35 POs is needed in one DRX cycle of 2.56s.  Considering NB-IoT can support up to 16 carriers (including anchor carrier) as paging carrier, on each carrier, more than 2 POs are needed.  As assumed by most of the companies in the evaluations, for inband deployment, 256~2048 repetitions are needed for NPDCCH to achieve 1% BLER. Within a DRX cycle of 2.56s, Rmax = 1024 can ensure there is no overlapped search space for different POs. Note that, if the search space can be overlapped, since scrambling sequence of NPDCCH is based on subframe index, UE may detect a NPDCCH from another PO. On the other hand, in most of cases, the actual transmission of NPDCCH and NPDSCH may be less than Rmax and may not impact the transmission of previous or next PO, shown as Figure 1. For example, for MCL=144dB, 1ms NPDSCH and 1ms NPDCCH is sufficient, which can serve most of UEs in a cell. If the paging failed, eNB can increase NPDCCH and NPDSCH repetition in the next paging cycle. 
Observation #1: To get 10% paging rate assuming traffic model in TR 45.820 with 2.56s DRX cycle, anchor carrier and 15 non-anchor carriers are needed if the cell support 164dB MCL, otherwise, the search space will overlap with each. 


[bookmark: OLE_LINK3][bookmark: OLE_LINK4]Figure 1
Based on the working assumption in RAN 1 #90bis, wake-up signal is associated with each PO shown as Figure 2. It may have more chance that the adjacent PO cannot be used to transmit a paging record. Moreover, based on the preliminary evaluation result in [2][3][4], for 164dB MCL, 32~256ms (subframes) are needed to achieve acceptable performance requirement for wake-up signal. Different from NPDCCH, if design a “search space” for wake-up signal, it will increase false alarm rate, that will increase with blind detection times linearly. Therefore, eNB is better to configure a single value of duration for wake-up signal based on its coverage. It is up to UE on how to detect for the wake-up signal. In order to support up to 164dB MCL, wake-up signal needs to be transmitted with a duration of 32~256ms [2][3][4](the actual duration is based on the final design and the performance). Then compared with legacy paging, which may always use a small repetition number of NPDCCH and NPDSCH, wake-up signal may block more paging transmission of other POs. 
Observation #2: If the actual transmission duration is not known to UE, it may increase false alarm rate, and cannot achieve the gain claimed with wake-up signal.
Observation #3: If wake-up signal always transmitted before each PO, it may increase the blocking rate of paging of other POs if eNB can only configure a single value of duration for wake-up signal based on its coverage. 


Figure 2
Moreover, assuming 4 paging records per 2.56s, the overhead of wake-up signal (with 128ms duration) is 5% or 20% assuming all 4 paging records are transmitted in one PO or each paging records is transmitted on one PO. The system overhead may be too high. In addition, In order to relaxing the blocking possibility, it is preferred to associate more than one POs in a DRX cycles. Of course, UE will be waked up more times accordingly. For example, if one wake up signal is associated with two POs, the possibility (rate) for UE to detect a wake-up signal may be doubled. Calculate the power saving difference:  
PCANDIDATE_1= TWUS + P1 * TNPDCCH +P2 * TNPDSCH
PCANDIDATE_2= TWUS + P2 * TNPDCCH +P2 * TNPDSCH
PREF = TNPDCCH +P2 * TNPDSCH
where P1 is the rate of UE been waked up by WUS in each DRX cycle, P2 is the actual transmission rate of the UE’s PO. The different of percentage (PCANDIDATE_1-PCANDIDATE_2 /PREF )= (P1-P2)* TNPDCCH /( TNPDCCH +P2* TNPDSCH). Since both P1 and P2 are supposed to be very low, therefore, the power saving gain difference doesn’t change much. 
Observation #4: If wake-up signal is associated with each PO, the system overhead for wake-up signal is too high.
Observation #5: Associating more than one PO to one wake-up signal in a DRX cycle will not lose much power saving gain. 
Based on the above observations, one wake-up signal shall be able to associate to more than one PO in a DRX cycle. 
Proposal #1: One wake-up signal can associate with more than one PO in a DRX cycle.

Determination of resource for wake-up signal
UE calculates its PO based on UE_ID. Within one DRX cycle, there may have more than one PO for different UEs. There are two alternatives on how to determine/configure the time location of wake-up signal with respect to the associated PO(s) location(s): 
· Option 1 (Figure 3): Time location of wake-up signal depends on location of PO 
· UE first determines a PO in each DRX cycle and then determine the time location based on the PO with some configurations (e.g., the gap to PO). 
· Option 2 (Figure 4): Time location of wake-up signal independence configured 
· UE determines time locations of possible wake-up signals with dedicated RRC configurations (e.g., periodicity and offset) in SIB and then determines the wake-up signal associated with its PO in each DRX cycle. 
[bookmark: _GoBack]If we agreed on that one wake-up signal can associate with more than one POs in a DRX cycle, it is hard to use option 1 to determine the location of wake-up signal because the distances from wake-up signal to different POs in one DRX cycle are different. UE needs to calculate the nearest PO to the wake-up signal, which may not be its PO. Option 2 will be easier since the time location of wake-up signal is independence from PO. For example, eNB can configure a periodicity TWUS (≤ T, periodicity of DRX)and an offset and UE determines all the potential location of wake-up signal then find the nearest wake-up signal before its PO. The starting position of wake-up signal can be determined by
,


where  is SFN and is slot index. Since paging frame is determined by SFN mod T= (T div N)*(UE_ID mod N), with the offset, the transmission of wake-up signal is able to avoid all the POs in a DRX cycle. In order to give enough time for UE to detect the wake-up signal and “wake up”, a gap between the wake-up signal and PO needs to be ensured. The gap can be pre-defined in the specification shown as Figure 4(option 2).  
Proposal #2: The starting subframe of wake-up signal is determined by ,
where the periodicity TWUS and the offset is configured in SIB. 
Proposal #3: A pre-defined gap is introduced for power saving signal detection and preparing for NPDCCH decoding. 


Figure 3: (Option 1) Time location of wake-up signal depends on location of PO 


Figure 4: (Option 2) Time location of wake-up signal independence configured 
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-set 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 CDM is used, the performance will be impact and the duration of one wake-up signal will be significantly increased. 
Observation #6: There is no gain to divide UE associated with one PO into sub-groups compared with using more POs in one DRX cycle. And it will either introduce more complexity or degrade the performance.   
Proposal #4: 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.
Conclusion
In this contribution, techniques for DL power consumption reduction for NB-IOT were discussed. We made several observations:
Observation #1: To get 10% paging rate assuming traffic model in TR 45.820 with 2.56s DRX cycle, anchor carrier and 15 non-anchor carriers are needed if the cell support 164dB MCL, otherwise, the search space will overlap with each. 
Observation #2: If the actual transmission duration is not known to UE, it may increase false alarm rate, and cannot achieve the gain claimed with wake-up signal.
Observation #3: If wake-up signal always transmitted before each PO, it may increase the blocking rate of paging of other POs if eNB can only configure a single value of duration for wake-up signal based on its coverage. 
Observation #4: If wake-up signal is associated with each PO, the system overhead for wake-up signal is too high.
Observation #5: Associating more than one PO to one wake-up signal in a DRX cycle will not lose much power saving gain. 
Observation #6: There is no gain to divide UE associated with one PO into sub-groups compared with using more POs in one DRX cycle. And it will either introduce more complexity or degrade the performance.   
Based on the observations and analysis, we proposed:
Proposal #1: One wake-up signal can associate with more than one PO in a DRX cycle.
Proposal #2: The starting subframe of wake-up signal is determined by ,
where the periodicity TWUS and the offset is configured in SIB. 
Proposal #3: A pre-defined gap is introduced for power saving signal detection and preparing for NPDCCH decoding. 
Proposal #4: 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.
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