

	
3GPP TSG-RAN WG1 Meeting #91	R1-1719355
Reno, USA, 27 Nov - 1 Dec 2017 
Agenda Item:	6.2.6.1.1.1
Source: 	Ericsson
[bookmark: _GoBack]Title:  	Wake-up signal functions for NB-IoT
Document for:	Discussion and Decision
[bookmark: _Ref409106980][bookmark: _Ref465843822]Introduction
In Rel-15, a work item (WI) for enhancement of NB-IoT is agreed. The objective is to further enhance the performance of NB-IoT by further reducing latency and power consumption, improving measurement accuracy, enhancing NPRACH reliability and range, and reducing system acquisition time etc. [1]. To further reduce the UE power consumption, it is agreed to design a physical signal/channel that can be efficiently decoded or detected prior to decoding NPDCCH/NPDSCH. In RAN1#90bis, the following agreements and working assumptions are made regarding to the precursor signal that 
“
· Working assumption: WUS/DTX is adopted for the power saving signal for IDLE mode paging;
· The UE is configured with a transmission duration of WUS by higher layers
· The WUS signal may be decoded with or without relying on prior synchronization
· Whether the UE needs to acquire (further) synchronization using NPSS/NSSS to decode the NPDCCH following the WUS is FFS
· The power saving of using existing synchronization signal to achieve sync and using WUS for synchronization should be compared.
· For RAN#78 timeline, RAN4 can assume the UE is synchronized prior to the WUS
· After RAN#78, RAN1 and RAN4 will conduct additional work to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 144 dB MCL; and will study to allow the assumption that the UE is not synchronized prior to the WUS (with the same WUS signal design) for 154, 164 dB MCL
· Status of work on ‘Relaxed monitoring for cell reselection’ in RAN2/4 should be considered
”
In this contribution, we further discuss the functions of the wake-up signal (WUS). 
Properties of the wake-up signal
System overhead
Since WUS is not understood by the legacy Rel-13 and Rel-14 UEs, if the network needs to send the WUS, the scheduler needs to take care of the Rel-13 and Rel-14 UEs to avoid the impact of WUS. Moreover, since all UEs in the cell shares the POs according their UE_ID, in some cases, only Rel-13 and Rel-14 UEs will be paged by the network.  Therefore, it is not preferred to send WUS unless necessary, i.e., only send WUS when Rel-15 UEs that support WUS being paged. Therefore, to minimize the resource fragmentation, WUS with DTX is preferred. 
Proposal 1: [bookmark: _Ref494443581]Confirm the working assumption that “WUS/DTX is adopted for the power saving signal for IDLE mode paging”.
As pointed out in [2], if the WUS is designed to provide sync function, the WUS can be up to 20 times longer comparing if the UE can reply on the existing sync signal in a standalone scenario. In the inband case, since the transmission power are much lower, if the WUS is designed to provide sync function, even longer WUS is expected. However, the benefits of this is not properly justified. Therefore, it is proposed that 
Proposal 2: [bookmark: _Ref498688832]Unless shown to be advantageous to using existing NPSS/NSS, WUS should be designed to consume a minimum amount of network resources. 
Wake-up signal and its synchronization function
Notice that according to the simulation assumptions [3], the paging load in a cell is 10%, this means if DTX is considered, the WUS would at most appear 10% of the time. In addition to that, due to the randomness of paging, a UE would not be able to rely on a signal that randomly appears for synchronization or mobility measurement in every DRX or eDRX cycle. 
Observation 1: [bookmark: _Ref494488360]For ‘WUS with DTX’ it is not possible for the UE to use it for (re)-synchronization or mobility measurement in every DRX or eDRX cycle, since WUS appears randomly in time.
In [2], it is proposed that the WUS should provide synchronization function, however, the motivations were not clearly stated, and there were no identified scenarios where this is beneficial. On the other hand, as discussed in [2], the drawback of designing a WUS that provides synchronization function is very clear, e.g., significantly more resources are needed. This is not preferred from a system point of view, as the NB-IoT DL resource is very limited. Hence, to avoid unnecessary UE operations and network overhead, the UE cannot and should not rely on the WUS for synchronization. Furthermore, including the sync in the WUS implies that network overhead, due to the dimensioning of WUS after the worst-case UE, is significantly amplified.
Another aspect of providing synchronization function in WUS is that the performance of UEs operating in low MCLs, see Figure 1. By using a significantly longer WUS, that is the case if sync-in-WUS is assumed, deepening on UE implementations, low MCL UEs will need to receive WUS for a much longer time than what would be the case if the existing synchronization signal can be used, requiring substantially higher power consumption. Furthermore, the number of computational operations that would be required, particularly for longer (e)DRX cycles where the timing uncertainty is larger, would grow proportionally, due to the necessary design of the all-in-one WUS.
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[bookmark: _Ref497987116]Figure 1 Illustration of UE synchronization costs for UEs in low MCL environments for ‘sync in WUS’. For a UE that would manage with a short sequence (low MCL, leftmost half) the cost would be unnecessary high due to the UE needing to: i) detect a longer sequence, (independent of (e)DRX periods), and, ii) perform detection for a longer duration (long (e)DRX period).
Waking up from a long duration of sleep, the UE is required to perform multiple tasks. So far, the discussions have focused on the WUS, but to make a suitable design, a UE should follow all RAN2 procedures and fulfills RAN4 requirements, i.e., the complete paging cycle needs to be considered. For idle mode, the UE is supposed to perform the following operations:
1. Network resynchronization
a. Time-frequency synchronization
b. Reconfirm cell id
2. Serving cell and occasionally also neighboring cell measurements
3. Decode paging
a. Detect WUS, and if found
b. Decode NPDCCH
Naturally, depending on the UE implementation, some of the above tasks could be performed in altered order, or even simultaneously, but they still need to be performed. It is also worth noting that, at least for the eDRX case, the UE needs to accumulate several measurement samples for cell detection, measurement, and evaluation with some duration in-between measurements to obtain a more accurate measurement result [4]. Considering the working assumption from RAN1 #90bis about the idle mode power saving signal being ‘WUS or DTX’, the above operations are only possible if the UE is in synchronization prior to attempting to detect the WUS. Otherwise, the UE should perform another sync attempt when no WUS is detected.
Observation 2: [bookmark: _Ref498688751]Network synchronization should be performed independently of the power saving signal to benefit idle mode operations also when no power saving signal is transmitted.
As discussed during the RAN1#90bis meeting, during the DRX especially very short DRX cycles, a UE would not (totally) lose sync. Notice that it is agreed that “Long ZC sequence based signal is considered as the starting point for WUS signal”. Therefore, the UE only needs to detect the sequence, and this can be done with certain timing and frequency drifts. After the UE detecting the WUS, the UE can further correct its timing by using NRS, NPSS, and/or NSSS to receiving the paging message. 
Observation 3: [bookmark: _Ref498688760]It is possible for the UE to detect the WUS first and then correct its timing and frequency drifts before receiving the paging message.
Moreover, when the NB-IoT UE is in DRX, according to the idle mode mobility requirements, the UE is required to perform measurements. In TS36.133, it is required that “the UE shall measure the NRSRP and NRSRQ level of the serving NB-IoT cell and evaluate the cell selection criterion S defined in the serving NB-IoT cell at least every DRX cycle.” Therefore, to perform the measurements, regardless whether the UE needs to monitor paging or not, the UE should maintain or regain synchronization to the network. Otherwise, the UE cannot fulfil the measurement requirement for idle mode mobility. Therefore, we can always assume the UE maintains certain degree of synchronization to the network prior the reception of the WUS. 
Observation 4: [bookmark: _Ref487633525][bookmark: _Ref494443661]Due to idle mode mobility requirement, the UE needs to maintain synchronization to the network during DRX to perform the NRSRP and NRSRQ measurement.  Therefore, there is no additional benefits for the WUS to provide synchronization function. 
Here it is also worth noting that the Rel-15 study of ‘Relaxed monitoring for cell reselection’ in RAN2/4 only changes the measurement rules for cell re-selection as defined in [5], i.e. it changes when the UE is triggered to perform neighbour cell measurements. When the UE is triggered to perform such neighbour cell measurements, then the UE performs those measurements according to legacy/Rel-13 procedure as defined in [4]. Hence, it does not change the requirements for idle mode procedures and measurement requirements for the cell that the UE is camping on.
Observation 5: [bookmark: _Ref498688778]The study of ‘Relaxed monitoring for cell reselection’ does not imply a relaxed need for camping cell measurements, and thus network synchronization. 
[bookmark: _Hlk498686482]Here it is worth noting that the UE needs to reconfirm its cell ID and perform measurements ahead of detecting the WUS. Performing those tasks in a different order will result in a UE cannot perform the required idle mode mobility procedures or not detecting the WUS at all, since WUS is assumed to be cell specific as agreed in RAN1.  
When the NB-IoT UE is in eDRX, before monitoring the paging time window (PTW), it needs to confirm whether it remains in the same cell. If not, the UE needs to reacquire the system information if it has not stored SI info of the new cell, and find the PO in the new cell. Notice that, the cell identity is carried by the SSS. To receive the SSS correctly, the UE needs to synchronize to the network first. Therefore, even if the WUS can provide synchronization function, it cannot help the UE to identify a cell (cell reconfirmation is possible since WUS is cell specific). Notice that the WUS is most likely to be cell specific, and the configurations of WUS may differ among neighboring cells. Hence, when the UE is in eDRX, it needs to wake up early enough to confirm which cell it is in. This ensures the UE would not miss the WUS when it comes to a new cell. Combined with the that if WUS or DTX is used, there is big uncertainly from the UE perspective whether WUS is being transmitted or not. Therefore, WUS cannot be used for detecting cell changes.
Observation 6: [bookmark: _Ref498688787]In eDRX, since the UE needs to confirm whether it remains in the same cell as before by checking the NSSS, the UE is already synchronized to the network prior to the PTW.
Observation 7: [bookmark: _Ref498688796] The UE cannot use a sporadic transmitted signal like the WUS for cell confirmation.
In addition, as discussed in RAN1, the NSSS can be used in additional to NRS for measurement. Since the UE can also use NSSS to correct its timing and/or frequency errors, it is not necessary that we design the WUS to have a similar functionality. As the NSSS appears periodically on time, the UE can rely on it more than the WUS which only shows up when there is a paging. 
Observation 8: [bookmark: _Ref494443674]As NSSS can be used in additional to NRS for measurement, there is no benefit to design the WUS to have a similar functionality.   
Therefore, based on the discussion above, it is proposed that 
Proposal 3: [bookmark: _Ref498688848]Prior synchronization is required for the WUS signal decoding. 

Connected mode DRX
The function of the WUS deals with what power saving scheme to select, its functionality, and for what modes it is defined. From the early discussions of WUS, it was clear the most gain of the WUS is in the Idle mode to reduce the efforts for the UEs to monitor paging. This is because the paging load in the system is assumed to be low, i.e., maximum 10% as given in [3]. 
In connected mode, as the user specific search space (USS) is configured per UE basis, the overhead of have a WUS is very large at the network side. Furthermore, it is unlikely that the network would keep the UE in connected mode for a very long time, if there is no data going to be sent to the UE. Therefore, the WUS cannot help to save the power at the UE. This is because that the resource that can be used for NPDCCH for a UE may be occupied by the WUS for another UEs, which results in the UE needs to stay in connected mode longer due to the TDM nature in the downlink. Moreover, there are already existing mechanism to reduce UE monitoring efforts in connected mode, e.g, by adjusting the on-Duration timer in connected mode DRX. Since the benefits of have WUS in connected mode is not studied, given the current time plan, it is proposed that 
Proposal 4: [bookmark: _Ref494443653]Due to the significant overhead and unclear benefits, WUS should not be introduced for connected mode DRX in Rel-15. 
Conclusions
Based on the discussions, we have the following proposals and observations regarding the WUS functions. 
Observation 1: For ‘WUS with DTX’ it is not possible for the UE to use it for (re)-synchronization or mobility measurement in every DRX or eDRX cycle, since WUS appears randomly in time.
Observation 2: Network synchronization should be performed independently of the power saving signal to benefit idle mode operations also when no power saving signal is transmitted.
Observation 3: It is possible for the UE to detect the WUS first and then correct its timing and frequency drifts before receiving the paging message.
Observation 4: Due to idle mode mobility requirement, the UE needs to maintain synchronization to the network during DRX to perform the NRSRP and NRSRQ measurement.  Therefore, there is no additional benefits for the WUS to provide synchronization function.
Observation 5: The study of ‘Relaxed monitoring for cell reselection’ does not imply a relaxed need for camping cell measurements, and thus network synchronization.
Observation 6: In eDRX, since the UE needs to confirm whether it remains in the same cell as before by checking the NSSS, the UE is already synchronized to the network prior to the PTW.
Observation 7: The UE cannot use a sporadic transmitted signal like the WUS for cell confirmation.
Observation 8: As NSSS can be used in additional to NRS for measurement, there is no benefit to design the WUS to have a similar functionality.
Proposal 1: Confirm the working assumption that “WUS/DTX is adopted for the power saving signal for IDLE mode paging”.
Proposal 2: Unless shown to be advantageous to using existing NPSS/NSS, WUS should be designed to consume a minimum amount of network resources.
Proposal 3: Prior synchronization is required for the WUS signal decoding.
Proposal 4: Due to the significant overhead and unclear benefits, WUS should not be introduced for connected mode DRX in Rel-15.
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