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1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction & Background
In RAN WG1 Meeting #92bis in Sanya, the following agreements are obtained for wake-up signals for feNB-IoT [1]. 
	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

Agreement
· WUS can be time-varying from subframe to subframe.
· Besides information on cell ID, WUS signal is designed based on the following information: 
· UE group ID (if introduced)
· time information of the starting subframe of the WUS or PO (Paging Occasion)
· FFS: (part of) the SFN information

Agreement
· When generating power saving signal in a subframe where NRS is assumed to be transmitted, the power saving signal in the subframes shall be generated and mapped in the same way as in other valid subframes where NRS is not assumed to be transmitted;
· WUS is punctured in RE-level by NRSs.



In this contribution, the following aspects of wake-up signal functions and configurations and procedures are discussed and proposals are given:
· Configuration of actual WUS transmission
· The starting subframe of WUS transmission
· Configuration of non-zero gap between WUS and PO 
· WUS to indicate sub-group of UEs mapping to one PO
· WUS for RRC Connected DRX (CDRX)
2. Remaining details on wake-up signal configurations and procedures
2.1. Configuration of actual WUS transmission
A set of values for actual duration of WUS can be defined, and different values correspond to UEs in different regions in cell or in different channel conditions. For example, the actual duration of WUS for cell edge users could be longer than that for UEs in cell center. This can minimize the resource utilization for WUS. One of the values of actual duration is the maximum duration and this value applies to UE at cell edge. Actual duration of WUS per UE does not need to be signaled to UE. UE may blindly decode WUS without knowledge of actual duration of WUS. UE only need to know the maximum duration of WUS. There is only one WUS candidate per actual duration of WUS per UE. WUS candidate means the subframe(s) within the maximum duration the WUS spans.
Proposal 1: N levels of actual durations of WUS is defined per NB-IoT carrier, one of which is the maximum duration of WUS. 
Proposal 2: Actual duration of WUS per UE is not signalled to UE. UE blindly decodes its possible actual duration of WUS.
2.2. The starting subframe of WUS transmission
For WUS transmission, there may be collisions between WUS repetitions and DL NPSS/NSSS/NPBCH/SIB1/other SIBs. If the NB-IoT is TDD, at least the UL subframes cannot be used for WUS transmission.  So the overall time length for WUS duration including both WUS repetition subframes and DL PSS/SSS/PBCH/SIB1/other SIBs/UL subframes should be longer than the maximum WUS duration. So the starting subframe of WUS transmission should be aligned with the starting subframe of the overall time length for WUS duration. Thus the starting subframe of WUS is based on the equation below:
the starting subframe of WUS = PO – Gap – the overall time length for maximum WUS duration.    (1)
where, Gap is the time between the end of maximum WUS duration and PO. The equation is illustrated in Figure 1.
It is agreed in last meeting the gap is defined as the time length between the end of configured maximum WUS duration and the first associated PO. It is also agreed that maximum WUS duration can be obtained from 3-bit scaling factor and Rmax associated with type 1 CSS. How to get the overall time length for maximum WUS duration?
[bookmark: _GoBack]One solution is introducing a time offset to compensate the impact from NPSS/NSSS/NPBCH/SIB1/other SIBs/UL subframes. The overall time length for WUS duration is the maximum WUS duration plus the offset. The offset could have different values for different maximum WUS durations. The subframe occupation overhead of NPSS/NSSS/NPBCH/SIB1/other SIBs for NB-IoT is around 20%. For WUS of multiple subframe repetitions, e.g., >10ms, the offset can be maximum WUS duration  / (1-20%). For WUS of 1 subframe duration, the offset can simply be 1. The offset is predefined for different maximum WUS durations or signaled by SIB. UE assumes WUS is transmitted in the subframes belonging to the overall time length for maximum WUS duration. UE assumes WUS is postponed in subframes that are not NB-IoT DL subframes and the subframes that carries NPSS/NSSS/NPBCH/SIB1/other SIBs. The previous agreement on WUS transmission aligned to the start of the configured maximum duration of WUS need to be updated. 
For TDD, the impact UL subframes of TDD or the DL ratio should also be reflected by the offset. The DL ratio is relevant to different UL-DL configurations of TDD.


Figure 1: how UE assumes the starting subframes of WUS transmission
Proposal 3: 
The starting subframe of WUS is based on the equation below:
the starting subframe of WUS = PO – Gap – the overall time length for maximum WUS duration. 
where, Gap is the time between the end of maximum WUS duration and PO.   
The overall time length for WUS duration is the maximum WUS duration plus the offset. Collision between WUS subframes and subframes for NPSS/NSSS/NPBCH/SIB1/other SIBs/UL transmission is compensated by the offset. The offset is predefined or signaled by SIB. 
Proposal 4: UE assumes WUS is transmitted in the subframes belonging to the overall time length for maximum WUS duration. UE assumes WUS is postponed in subframes that are not NB-IoT DL subframes and the subframes that carries NPSS/NSSS/NPBCH/SIB1/other SIBs.
2.3. Configuration of non-zero gap between WUS and PO
In RAN1 91# meeting, it is agreed that there is a non-zero gap between WUS and PO as the time between the end of actual duration of WUS and the start of PO. 
The non-zero gap between WUS and PO depends on UE capabilities and/or UE behaviors. For example, there are two kinds of UE behaviors. Behavior 1 is that UE completes DL synchronization through NPSS/NSSS before WUS. Behavior 2 is that UE relies on WUS for DL synchronization. The non-zero gap for Behavior 1 may be shorter than the gap for Behavior 2. The non-zero gap may also relate to the UE receiver architectures for WUS. For example, if UE adopts separate receiver/module for WUS, after detecting WUS using one receiver/module, UE need some retuning/warming time to switch to main receiver/module to monitor NPDCCH. Then the gap for separate receiver/module may be longer than the case that UE uses main receiver/module for both WUS and NPDCCH reception. Non-zero gap between WUS and PO need to fulfill the capabilities of UEs with different kinds of receiver/module architectures. It is beneficial to support UE capability for different values of non-zero gap.
Proposal 5: Non-zero gap between WUS and PO need to fulfill the different capabilities of UEs with different kinds of receiver module or architectures. 
Proposal 6: Support UE capability for different values of non-zero gap.
2.4. WUS to indicate sub-group of UEs mapping to one PO
The baseline method for WUS for multi-users multiplexing is like the paging group concept in LTE, where maximum 16 UEs are grouped into one group. If one UE in the group need to decode NPDCCHs, the WUS indicates all UEs to monitor NPDCCHs (unnecessary alarm). Unnecessary alarm will lead to unnecessary power consumption for other UEs due to unnecessary monitoring NPDCCH even if no paging is for that UE. 
Let R denote the paging ratio and N denote the number of users in one group which share the same WUS with two meanings (to decode subsequent physical channel for idle mode paging or not). Assuming the paging rate for one user is 10% and different users are independent in paging. Then the probability (P) of unnecessary alarm can be calculated by   P=(1-R)(1-(1-R)N-1). 
Since the maximum number of users on one group is 16, we set N to be from 1 to 16 and set P to be 10% according to the evaluation assumptions by email discussion output [2]. The probability of unnecessary alarm with different number of users per group is illustrated in Figure 2. It can be found that with N increasing, the unnecessary alarm probability also increases. The worst case is 71.47% when N is 16 users. This will significantly reduce the power saving of WUS. Please note that the WUS is likely to be the same mechanism as paging in Tracking Area (TA). All the cells in one TA will send paging for one UE in idle mode. This will make the number of UEs in one group large and the problem of false alarm gets worse.
Observation 1: With larger number of UEs in one group, false alarm probability increases and this will significantly reduce the power saving of WUS.
[image: ]
Figure 2: Probability of false alarm with different number of users per group (P is 10%)

To solve the false alarm issues, the UE associated to one PO need to be divided into multiple WUS groups. One WUS indicating up to 4 UEs (corresponding to <25% false alarm probability) is acceptable.
Proposal 7: Support WUS to indicate sub-group of UEs mapping to one PO. 
There are some candidates for WUS multiplexing methods as below:
· TDM based WUSs mapping to one PO
By this method, the different WUSs mapping to one PO are in different time positions, as shown in Figure 2-a). One WUS is associated to one sub-group of UEs mapping to one PO. The delay between the different WUSs and the associated PO is different. Since one WUS is used to indicate one sub-group of UEs for one PO, the repetition of this WUS is determined by the UE with the worst coverage in the one sub-group and the repetition number may be large. For example, 4 WUSs can indicate up to 16 UEs for one PO if one WUS supports 4 UEs. Then for each PO, the corresponding 4 WUSs may occupy 4 times of maximum WUS duration. If maximum WUS duration is e.g., 50ms for 164dB MCL, then the overall time occupation for 4 WUSs of one PO reaches up to 200ms. Considering the WUS should be postponed when there is symbols for the SS/PBCH/SI, the overall time occupation will be even longer. Furthermore, the non-zero gap need to be considered in addition to the overall time occupation transmission. If different receiver module is considered for WUS and NPDCCH reception, the non-zero gap is not ignorable. This will make the overall delay between the starting of WUS and PO too long, and therefore makes the paging is not in time. What is worse, some WUS may be empty because there is no idle UEs which need paging (the paging ratio is assumed to be 10%). This will introduce resource fragmentation (the grey block in Figure 2-a)) which will degrade the system resource utilization. TDM based multiple WUSs mapping to one PO will cause longer delay and more resource fragmentation, compared with other solutions as follows.


Figure 2: candidates for WUS multiplexing methods
· CDM based WUSs mapping to one PO
By this method, different sequences in the same subframe(s) are used to indicate different UE sub-groups associated to one PO, as shown in Figure 2-b). Different sequences can be distinguished by different cover codes/root/cyclic shift, etc. For one UE sub-group, if there is no idle UE which need WUS transmission to indicate whether to decode paging PDCCH, there is no resource fragmentation since the time and frequency resources are used by WUSs for other UE sub-groups. Compared with TDM based methods, CDM based method suffers less delay and less resource fragmentation. The number of the WUS sequences simultaneously transmitted in the same time and frequency resources need to be carefully evaluated to guarantee the performance, e.g., miss detect rate and false detect rate.
· FDM based WUSs mapping to one PO
The FDM based multiple WUSs mapping to one PO is not suitable for NB-IoT because NB-IoT is for narrow band. However, it can be studied for eMTC [3].
Observation 2: TDM based WUS groups mapping to one PO will cause longer delay and more resource fragmentation, compared with Sequence-DM based methods.
Proposal 8: Due to less delay and less resource fragmentation compared to TDM based method, CDM based WUS groups mapping to one PO is preferred. 
2.5. WUS for RRC Connected DRX (CDRX)
For connected mode, when the traffic density is low, it is similar as idle mode and wake-up signals is also effective for power saving. On the contrary, when the traffic density is high, most likely UE need to monitor NPDCCH together with additional WUS. This may cause no power saving by introducing WUS in this case. However, for high traffic density, a compact NPDCCH with reduced DCI bits can be considered to decrease the repetition number and to save power. Or a Go-to-sleep signal instead of WUS can be configured for UE when the traffic density is high. What’s more, the wake-up signal in connected mode can be switched on or off according to different traffic density. Taking R15 time budget into account, it is proposed to study power saving signal for connected mode DRX in R16.
Proposal 9: Study power saving signal for connected mode DRX in R16.  
3. Conclusion
In this contribution, some issues for wake-up signals functions are discussed and the following proposals and observation are given. 
Proposal 1: N levels of actual durations of WUS need to be defined per NB-IoT carrier, one of which is the maximum duration of WUS. 
Proposal 2: Actual duration of WUS per UE is not signalled to UE. UE blindly decodes its possible actual duration of WUS.
Proposal 3: 
The starting subframe of WUS is based on the equation below:
the starting subframe of WUS = PO – Gap – the overall time length for maximum WUS duration. 
where, Gap is the time between the end of maximum WUS duration and PO.   
The overall time length for WUS duration is the maximum WUS duration plus the offset. Collision between WUS subframes and subframes for NPSS/NSSS/NPBCH/SIB1/other SIBs/UL transmission is compensated by the offset. The offset is predefined or signaled by SIB. 
Proposal 4: UE assumes WUS is transmitted in the subframes belonging to the overall time length for maximum WUS duration. UE assumes WUS is postponed in subframes that are not NB-IoT DL subframes and the subframes that carries NPSS/NSSS/NPBCH/SIB1/other SIBs.
Proposal 5: Non-zero gap between WUS and PO need to fulfill the different capabilities of UEs with different kinds of receiver module or architectures. 
Proposal 6: Support UE capability for different values of non-zero gap.
Proposal 7: Support WUS to indicate sub-group of UEs mapping to one PO.
Proposal 8: Due to less delay and less resource fragmentation compared to TDM based method, CDM based WUS groups mapping to one PO is preferred. 
Proposal 9: Study power saving signal for connected mode DRX in R16.
Observation 1: With larger number of UEs in one group, false alarm probability increases and this will significantly reduce the power saving of WUS.
Observation 2: TDM based WUS groups mapping to one PO will cause longer delay and more resource fragmentation, compared with Sequence-DM based methods.
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