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Introduction
In RAN1#90bis, the following working assumptions on DL Channel Power Efficiency were reached [2]:
Working assumption:
· For idle mode,
· In specifying a power saving physical signal to indicate whether the UE needs to decode subsequent physical channel(s) for idle mode paging, select a candidate among the following power saving physical signals:
· ‘Wake-up signal or DTX’ with new periodic sync signal
· ‘Wake-up signal or DTX’ without new periodic sync signal
· Study till the next meeting how to ensure sufficient sync performance.
· Consider potential synergies with the WI objective on Reduced system acquisition time.
· Consider impacts from mobility.

Furthermore, in previous meetings and following email discussions, the following has been agreed [3]:
Agreements:
· For idle mode, 
· The power saving signal in a cell supports being applied to FFS between: 
· (a): All the UEs associated to a PO in the cell
· (b): A group of more than one of the UEs associated to a PO in the cell
· Both (a) and (b)
· How many POs the power saving signal applies to from the UE perspective is FFS between 
· A single PO only
· One or more than one PO (details are FFS)
· How many POs the power saving signal applies to from the eNB perspective is FFS between 
· A single PO only 
· One or more than one PO (details are FFS)

[bookmark: _Ref178064866]Discussion
To arrive at an efficient design of a power saving signal (PwrSS), it is necessary to put the PwrSS into context w.r.t. network and UE operations during paging. The network paging procedure must be considered to understand the consequences of PwrSS on the procedure. UE idle mode operations must be understood to understand mobility requirements and the consequences of these when the PwrSS is designed.
[bookmark: _Ref497811795]Network paging procedure
Generally, it is desired to minimize the impact to the standard and maintain the layer 3 paging procedure. That is, MME transmits paging request to the eNB, paging is transparent to the eNB in the sense it does not keep track of the paging once sent, and whether PwrSS is transmitted to a UE is controlled by eNB, see Figure 1.


[bookmark: _Ref494467758][bookmark: _GoBack]Figure 1: Signalling diagram for WUS configuration and procedure.
It is understood that the higher layer paging process, with PwrSS implemented as a RAN feature. A more detailed description related to WUS is found in [5].
Furthermore, it should be acknowledged that changes between the MME and eNB, e.g., by changing the paging signaling between the MME and eNB, may be complicated for operators, in terms of requiring additional interoperability testing. These, in turn, may risk or delay the roll-out of the PwrSS feature in the networks.
[bookmark: _Toc496861524][bookmark: _Toc497915536][bookmark: _Toc497915575][bookmark: _Toc497999687][bookmark: _Toc498032086][bookmark: _Toc498680639][bookmark: _Toc498680905][bookmark: _Toc498088929][bookmark: _Toc498365709][bookmark: _Toc498536267][bookmark: _Toc498608676][bookmark: _Toc498672138][bookmark: _Toc498690119][bookmark: _Toc498690171][bookmark: _Toc498690258][bookmark: _Toc498690287][bookmark: _Toc498690309][bookmark: _Toc498690845][bookmark: _Toc498691894][bookmark: _Toc498692182][bookmark: _Toc498701575][bookmark: _Toc498702309][bookmark: _Toc498705494]The power saving signal should be designed such that interoperability testing is kept to a minimum, to avoid delaying and restricting the introduction of this feature.
[bookmark: _Ref497741220]UE idle mode paging cycle operations
Waking up from a long duration of sleep, the UE is required to perform multiple tasks. So far, the discussions have focused on the PwrSS, but to make a suitable design, one must follow all RAN2 procedures and fulfil the RAN4 requirements, i.e., the complete paging cycle needs to be considered. For idle mode, the UE is required to perform the following operations:
1. Network resynchronization
a. Time-frequency synchronization and cell id confirmation
2. Serving cell and occasionally also neighboring cell measurements
3. Decode paging
a. Detect WUS, and, if found,
b. Decode MPDCCH
Naturally, depending on the UE implementation, some of the above tasks could be performed in altering 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 [6]. 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 synchronized prior to attempting to detect the WUS, unless the UE should perform another sync attempt when no WUS is detected.
[bookmark: _Toc497915541][bookmark: _Toc497915580][bookmark: _Toc497999692][bookmark: _Toc498032089][bookmark: _Toc498680640][bookmark: _Toc498680906][bookmark: _Toc498088930][bookmark: _Toc498365710][bookmark: _Toc498536268][bookmark: _Toc498608677][bookmark: _Toc498672139][bookmark: _Toc498690120][bookmark: _Toc498690172][bookmark: _Toc498690259][bookmark: _Toc498690288][bookmark: _Toc498690310][bookmark: _Toc498690846][bookmark: _Toc498691895][bookmark: _Toc498692183][bookmark: _Toc498701576][bookmark: _Toc498702310][bookmark: _Toc498705495]Network synchronization should be performed independently of the power saving signal to benefit idle mode operations also when no power saving signal is transmitted.
Here it is also worth noting that the WI objective ‘Relaxed monitoring for cell reselection’ in RAN2/4 only changes the measurement rules for cell re-selection as defined in [7], i.e. it changes when the UE is triggered to perform neighbor cell measurements. When the UE is triggered to perform such neighbor cell measurements, then the UE performs those measurements as defined in [6]. Hence, it does not change the requirements for idle mode procedures and measurement requirements for the cell that the UE is camping on.
[bookmark: _Toc498032090][bookmark: _Toc498088931][bookmark: _Toc498365711][bookmark: _Toc498536269][bookmark: _Toc498608678][bookmark: _Toc498672140][bookmark: _Toc498680641][bookmark: _Toc498680907][bookmark: _Toc498690121][bookmark: _Toc498690173][bookmark: _Toc498690260][bookmark: _Toc498690289][bookmark: _Toc498690311][bookmark: _Toc498690847][bookmark: _Toc498691896][bookmark: _Toc498692184][bookmark: _Toc498701577][bookmark: _Toc498702311][bookmark: _Toc498705496]The WI objective ‘Relaxed monitoring for cell reselection’ does not imply a relaxed need for camping cell measurements, and thus network synchronization.
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.  


Figure 2. Block scheme of UE wake-up procedures for, in a), legacy PSS/SSS synchronization, and, in b), RSS synchronization. Blue blocks represent relatively lower complexity and red block relatively higher complexity. Dashed blocks represents optional operations.
When the LTE-MTC UE is in eDRX or for longer DRX configurations, 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 (or possibly RSS). To receive the SSS correctly, the UE needs to synchronize to the network first. Therefore, even if the WUS can provide synchronization function and even cell id information, it cannot help the UE to identify the cell when no WUS is transmitted. It may also be worth noting 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 WUS being a randomly transmitted signal from the UE perspective, it cannot be used for detecting cell changes.
[bookmark: _Toc498365712][bookmark: _Toc498536270][bookmark: _Toc498608679][bookmark: _Toc498672141][bookmark: _Toc498680642][bookmark: _Toc498680908][bookmark: _Toc498690122][bookmark: _Toc498690174][bookmark: _Toc498690261][bookmark: _Toc498690290][bookmark: _Toc498690312][bookmark: _Toc498690848][bookmark: _Toc498691897][bookmark: _Toc498692185][bookmark: _Toc498701578][bookmark: _Toc498702312][bookmark: _Ref494443666][bookmark: _Toc498705497][bookmark: _Toc498690262][bookmark: _Toc498690291][bookmark: _Toc498365713][bookmark: _Toc498536271][bookmark: _Toc498608680][bookmark: _Toc498672142][bookmark: _Toc498680643][bookmark: _Toc498680909][bookmark: _Toc498690123][bookmark: _Toc498690175][bookmark: _Toc498690263][bookmark: _Toc498690292][bookmark: _Toc498690313]In many DRX and eDRX configurations, since the UE needs to confirm whether it remains in the same cell as before, by checking the SSS (or RSS), the UE is already synchronized to the network prior to the PTW.
[bookmark: _Toc498690849][bookmark: _Toc498691898][bookmark: _Toc498692186][bookmark: _Toc498701579][bookmark: _Toc498702313][bookmark: _Toc498705498][bookmark: _Toc498690176][bookmark: _Toc498690124][bookmark: _Toc498690177][bookmark: _Toc498690264][bookmark: _Toc498690293][bookmark: _Toc498690314]A UE cannot rely on a randomly transmitted signal like the ‘WUS or DTX’ for network synchronization.
[bookmark: _Ref498015455]Resynchronization signal
Time and frequency synchronization contributes to a significant part of the total system acquisition time. This holds both for initial cell search and system acquisition, as well as for resynchronization scenarios. And while the other components addressed in the WI objective – namely MIB, SIB1-BR, and SI message acquisition – can be addressed with improved receiver algorithms and reduced requirements on system information reading, the basic time and frequency synchronization needs to be done regularly, for example to be able to monitor paging, perform RRM measurements, or perform random access procedures.
In [9], it was suggested that a new enhanced synchronization signal is introduced for the purpose of improving resynchronization performance. The concept is further developed in [10]. The primary purpose of the RSS is to recover frequency and time synchronization with the network, but to also allow for cell identification due to the mobile nature of many UEs.
[bookmark: _Ref498681085]WUS functions
[bookmark: _Hlk497985731]The functions of the PwrSS concerns with what power saving scheme to select, its functionality, and for what modes the PwrSS is defined. With respect to modes, it is quite clear that most of the gains from a PwrSS are going to be found for idle mode UEs. Also, the focus in RAN1 so far has been almost entirely on idle mode. Hence, it makes sense to limit the Rel-15 WI to where the focus lies and the gain stand to benefit the most.
[bookmark: _Toc497915547][bookmark: _Toc497915585][bookmark: _Toc497999697][bookmark: _Toc498032101][bookmark: _Toc498088936][bookmark: _Toc498365718][bookmark: _Toc498536277][bookmark: _Toc498608686][bookmark: _Toc498672149][bookmark: _Toc498680650][bookmark: _Toc498680916][bookmark: _Toc498690131][bookmark: _Toc498690184][bookmark: _Toc498690271][bookmark: _Toc498690300][bookmark: _Toc498690321][bookmark: _Toc498690856][bookmark: _Toc498691905][bookmark: _Toc498692193][bookmark: _Toc498701586][bookmark: _Toc498702320][bookmark: _Toc498705505]The power saving signal is defined only for idle mode.
It has previously been shown that most of the benefits of the power saving signal is found for high MCLs [4]. Furthermore, for the PwrSS to function properly, it needs to be defined such that the UE in worst coverage in the PO or cell is able to receive it with sufficient reliability, i.e., the PwrSS must be dimensioned after the UE in the worst possible coverage. Overall, this implies a substantial network overhead, and, consequently, fragmented DL resources. For those reasons, to keep network overhead to a minimum, the PwrSS should be transmitted as rarely as possible, i.e., when there is a paging message waiting for the UE. Additionally, to achieve substantial power performance improvements, it should be accompanied by a new resynchronization signal as described in Sec. 2.3.  
[bookmark: _Toc496861530][bookmark: _Toc497915548][bookmark: _Toc497915586][bookmark: _Toc497999698][bookmark: _Toc498032102][bookmark: _Toc498088937][bookmark: _Toc498365719][bookmark: _Toc498536278][bookmark: _Toc498608687][bookmark: _Toc498672150][bookmark: _Toc498680651][bookmark: _Toc498680917][bookmark: _Toc498690132][bookmark: _Toc498690185][bookmark: _Toc498690272][bookmark: _Toc498690301][bookmark: _Toc498690322][bookmark: _Toc498690857][bookmark: _Toc498691906][bookmark: _Toc498692194][bookmark: _Toc498701587][bookmark: _Toc498702321][bookmark: _Toc498705506]For idle mode, ‘WUS or DTX’ with a new periodic synchronization signal is chosen as power saving signal.
[bookmark: _Hlk497987510][bookmark: _Hlk497986924][bookmark: _Hlk497986941]In addition to the arguments in Sec. 2.2, there are additional arguments why a longer WUS is highly undesirable. One consideration for ‘sync in WUS’ is the power performance of UEs operating in low MCLs, illustrated in Figure 3. By using a significantly longer WUS, that is the case if ‘sync in WUS’ is assumed, low MCL UEs may need to receive WUS for a much longer duration than what would be the case if ‘sync before WUS’ is selected, requiring a higher power consumption, since the UE has no cell measurements to rely on. The corresponding effect is not true for the RSS, where UEs would on their own be able to determine the averaging need to synchronize with the network. Further amplifying that effect is that 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 design of the WUS. 


[bookmark: _Ref497748080][bookmark: _Hlk497987031][bookmark: _Hlk497987019]Figure 3: 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).
[bookmark: _Toc498032095][bookmark: _Toc498088932][bookmark: _Toc498365714][bookmark: _Toc498536272][bookmark: _Toc498608681][bookmark: _Toc498672143][bookmark: _Toc498680644][bookmark: _Toc498680910][bookmark: _Toc498690125][bookmark: _Toc498690178][bookmark: _Toc498690265][bookmark: _Toc498690294][bookmark: _Toc498690315][bookmark: _Toc498690850][bookmark: _Toc498691899][bookmark: _Toc498692187][bookmark: _Toc498701580][bookmark: _Toc498702314][bookmark: _Toc498705499]Designing WUS for unsynchronized UEs may result in unnecessarily large power consumption for UEs in good coverage or UEs in-sync.
[bookmark: _Ref498681061]WUS configurations and procedures
[bookmark: _Ref497810741]Number of UE sets per PO
RAN2 is responsible to define the number of UE sets per PO and the number of POs per WUS, both for DRX and eDRX operations. Not to precede RAN2’s decisions, there are still things worth considering in RAN1 with respect to this.
For one, if more than one UE set is specified, RAN1 must decide how to separate those sets. Considering the WUS length for the unsynchronized UE may be substantial, the scheduling of multiple WUSes per PO may prove difficult and expensive. In addition to WUS, also a MPDCCH and possibly an MPDSCH should fit in the DRX period, or the eNB would need to omit the following PO, reducing network performance. Another consideration with the required long WUS duration is that it could impact the MME such that it needs to send the paging message earlier to the eNB, which is clearly not desirable. 
[bookmark: _Toc497915544][bookmark: _Toc497915582][bookmark: _Toc497999694][bookmark: _Toc498032096][bookmark: _Toc498088933][bookmark: _Toc498365715][bookmark: _Toc498536273][bookmark: _Toc498608682][bookmark: _Toc498672144][bookmark: _Toc498680645][bookmark: _Toc498680911][bookmark: _Toc498690126][bookmark: _Toc498690179][bookmark: _Toc498690266][bookmark: _Toc498690295][bookmark: _Toc498690316][bookmark: _Toc498690851][bookmark: _Toc498691900][bookmark: _Toc498692188][bookmark: _Toc498701581][bookmark: _Toc498702315][bookmark: _Toc498705500]A smaller WUS is easier to fit into existing network functionality and to partition into multiple UE groups.
Furthermore, for the network to indicate SI changes or updates, all UEs need to be paged simultaneously. Hence, there must exist a superset comprising all UEs for paging messages related to SI or direct indication updates. UEs would also need to detect multiple WUS sequences, possibly adding to complexity and decreasing power savings.
[bookmark: _Toc497915551][bookmark: _Toc497915589][bookmark: _Toc497999701][bookmark: _Toc498032098][bookmark: _Toc498088934][bookmark: _Toc498365716][bookmark: _Toc498536274][bookmark: _Toc498608683][bookmark: _Toc498672145][bookmark: _Toc498680646][bookmark: _Toc498680912][bookmark: _Toc498690127][bookmark: _Toc498690180][bookmark: _Toc498690267][bookmark: _Toc498690296][bookmark: _Toc498690317][bookmark: _Toc498690852][bookmark: _Toc498691901][bookmark: _Toc498692189][bookmark: _Toc498701582][bookmark: _Toc498702316][bookmark: _Toc498705501]If more than one UE paging group is defined, functionality to page all UEs in a PO must be provided, e.g., for SI or direct indication updates.
WUS size and location relative MPDCCH
When receiving the paging message from the MME, the last known UE coverage information is attached as assistant data with the paging message. The eNB can use that information to decide the coverage level of the UE(s) that are paged, i.e., decide the length of MPDCCH and PDSCH used for paging. Similarly, it will be possible for the eNB to decide the size of the WUS on a per PO level, depending on which UE(s) are paged. This will contribute to reducing the network overhead at little expense of performance. Correspondingly, UEs know their coverage level and have also performed cell measurements such that they can estimate the WUS length that is required for a successful detection. For such a functionality to work, also taking into consideration a fixed distance between a UE detecting the WUS and the MPDCCH, it is beneficial to define the end of the WUS in relation to the PO.
[bookmark: _Hlk498534821][bookmark: _Toc498536279][bookmark: _Toc498608688][bookmark: _Toc498672151][bookmark: _Toc498680652][bookmark: _Toc498680918][bookmark: _Toc498690133][bookmark: _Toc498690186][bookmark: _Toc498690273][bookmark: _Toc498690302][bookmark: _Toc498690323][bookmark: _Toc498690858][bookmark: _Toc498691907][bookmark: _Toc498692195][bookmark: _Toc498701588][bookmark: _Toc498702322][bookmark: _Toc498705507]The WUS length is decided by the eNB on a per PO basis.
Instead of having a fixed length of the WUS per cell or per PO, it is possible for the eNB to adapted length of the WUS to the length of the actual MPDCCH transmission. There is no need for the WUS to provide better coverage than the associated MPDCCH transmission, since if the UE can only decode the WUS but not the associated MPDCCH, it would still miss the paging. 
[bookmark: _Toc498536280][bookmark: _Toc498608689][bookmark: _Toc498672152][bookmark: _Toc498680653][bookmark: _Toc498680919][bookmark: _Toc498690134][bookmark: _Toc498690187][bookmark: _Toc498690274][bookmark: _Toc498690303][bookmark: _Toc498690324][bookmark: _Toc498690859][bookmark: _Toc498691908][bookmark: _Toc498692196][bookmark: _Toc498701589][bookmark: _Toc498702323][bookmark: _Hlk498534845][bookmark: _Toc498705508]The WUS should provide similar coverage as its associated MPDCCH transmission.
The worst case of the above relation between WUS and its associated MPDCCH is when the UE is scheduling an MPDCCH with Rmax repetitions. This represents the upper bound on the WUS coverage. This information needs to be determined within the WI.
[bookmark: _Toc498536281][bookmark: _Toc498608690][bookmark: _Toc498672153][bookmark: _Toc498680654][bookmark: _Toc498680920][bookmark: _Toc498690128][bookmark: _Toc498690181][bookmark: _Toc498690268][bookmark: _Toc498690297][bookmark: _Toc498690318][bookmark: _Toc498690853][bookmark: _Toc498691902][bookmark: _Toc498692190][bookmark: _Toc498701583][bookmark: _Toc498702317][bookmark: _Toc498705502]The eNB must be able to transmit a WUS corresponding to the eNB Rmax.
[bookmark: _Toc498690135][bookmark: _Toc498690188][bookmark: _Toc498690275][bookmark: _Toc498690304][bookmark: _Toc498690325][bookmark: _Toc498690860][bookmark: _Toc498691909][bookmark: _Toc498692197][bookmark: _Toc498701590][bookmark: _Toc498702324][bookmark: _Toc498705509]WUS lengths for different values of Rmax should be defined.
Therefore, similar concepts as the type-1 CSS can be adopted for WUS. It is possible to design a WUS search space, where the UE should monitor the WUS. But the actual transmission of the WUS can be shorter than the maximum length of the WUS search space. The maximum length of the WUS search space should be proportional to the Rmax used by type-1 CSS.
Certainly, a search space structure similar to type-1 CSS, i.e., the candidates a UE needs to check are aligned at the beginning from the search space, can be used for WUS search space (see Figure 4a). However, the problem is that this would fragment the DL resources that can be used by Rel-13 and Rel-14. This is because repetitions are used in LTE-MTC to achieve enhanced coverage, and the repetitions are transmitted in continuous subframes. If the DL are fragmented, then a long transmission needs to be segmented to several short transmissions, which either requires more MPDCCH resources for scheduling or the transmission cannot achieve a desired coverage. From a UE perspective, it is furthermore desired to spend as short time as possible in active mode or light sleep mode, because it is beneficial for the UE to detect the WUS as late as possible from power saving point of view.  
Therefore, a new WUS search space design is proposed and illustrated in Figure 4b. In the new design, the WUS search spaces consists of several basic units of WUS, denoted ‘WUS candidates’ below (shown on the y-axis of the figure, x-axis represents time). Instead of aligning their starts, their ends are aligned. As ‘WUS or DTX’ is assumed for the power saving signal for LTE-MTC, this would allow longer continuous transmission of other channels before the WUS search space, as well as maximizing the sleep timing of a UE that needs to monitor the WUS. As the current assumption is that the WUS is a ZC sequence based signal, the UE only needs to wake up and monitor the WUS at its estimated coverage.
[bookmark: _Toc498536282][bookmark: _Toc498608691][bookmark: _Toc498672154][bookmark: _Toc498680655][bookmark: _Toc498680921][bookmark: _Toc498690136][bookmark: _Toc498690189][bookmark: _Toc498690276][bookmark: _Toc498690305][bookmark: _Toc498690326][bookmark: _Toc498690861][bookmark: _Toc498691910][bookmark: _Toc498692198][bookmark: _Toc498701591][bookmark: _Toc498702325][bookmark: _Toc498705510]To efficiently transmitting the WUS and maximize the UE sleeping time, a WUS search space can be defined with the ending points of the WUS candidates to be aligned.


[bookmark: _Ref498521532]Figure 4 Illustrations of two different WUS search space designs.
During the discussion in RAN1#90bis, it was pointed out different UE architectures may require different processing time after detecting the WUS to process the associated MPDCCH. Therefore, for the design of the WUS to be future-proof, it is desirable to make the distance between WUS and the associated MPDCCH configurable such that the full potential of UEs of many generations may be reached.
[bookmark: _Toc498536283][bookmark: _Toc498608692][bookmark: _Toc498672155][bookmark: _Toc498680656][bookmark: _Toc498680922][bookmark: _Toc498690137][bookmark: _Toc498690190][bookmark: _Toc498690277][bookmark: _Toc498690306][bookmark: _Toc498690327][bookmark: _Toc498690862][bookmark: _Toc498691911][bookmark: _Toc498692199][bookmark: _Toc498701592][bookmark: _Toc498702326][bookmark: _Toc498705511]The distance between the WUS and PO is cell specific and provided in SI. 
[bookmark: _Ref498680984]Detailed WUS design
A suitable and reliable synchronization sequence is the Zadoff-Chu sequence, that, for the assumed frequency errors have reliable performance.
[bookmark: _Toc498608694][bookmark: _Toc498672156][bookmark: _Toc498680657][bookmark: _Toc498680923][bookmark: _Toc498690138][bookmark: _Toc498690191][bookmark: _Toc498690278][bookmark: _Toc498690307][bookmark: _Toc498690328][bookmark: _Toc498690863][bookmark: _Toc498691912][bookmark: _Toc498692200][bookmark: _Toc498701593][bookmark: _Toc498702327][bookmark: _Toc498705512]The Zadoff-Chu sequence is used for WUS.
Furthermore, to mitigate possible neighboring cell interference, and considering the UE is already synchronized, it is beneficial if the WUS sequence for individual cells use different sequence indices. From a UE complexity perspective, this is neutral.
[bookmark: _Toc498672157][bookmark: _Toc498680658][bookmark: _Toc498680924][bookmark: _Toc498690139][bookmark: _Toc498690192][bookmark: _Toc498690279][bookmark: _Toc498690308][bookmark: _Toc498690329][bookmark: _Toc498690864][bookmark: _Toc498691913][bookmark: _Toc498692201][bookmark: _Toc498701594][bookmark: _Toc498702328][bookmark: _Toc498705513]The WUSs in different cells are differentiated by their sequence indices.
As presented in Sec. 2.5.1, it could be useful to include a few bits of information in the WUS signal. Assuming the WUS will be a few symbols long, this would be possible by using, e.g., cover codes between different WUS symbols. Depending on the size of the WUS, suitable information could be UE groups, or even cell id. Assuming the UE is already in sync when attempting to detect the WUS, the WUS can be expected to be limited to even less than a subframe why only a few bits may be available, but still sufficient for allowing a few UE groups. This design allows low complexity hypothesis testing between the groups, allowing a UE to belong to two or more groups.
[bookmark: _Toc498672146][bookmark: _Toc498680647][bookmark: _Toc498680913][bookmark: _Toc498690129][bookmark: _Toc498690182][bookmark: _Toc498690269][bookmark: _Toc498690298][bookmark: _Toc498690319][bookmark: _Toc498690854][bookmark: _Toc498691903][bookmark: _Toc498692191][bookmark: _Toc498701584][bookmark: _Toc498702318][bookmark: _Toc498705503]If multiple UE groups are agreed, the different UE groups are indicated by cover codes between symbols in the WUS.
In order to further improve performance, based on proposals for WUS in NB-IoT at RAN1 #90bis [8], transmit diversity should be considered to be used with the WUS. Many assessments of LTE-MTC performance have been used with TX diversity, this is likely to be beneficial also for WUS.
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WUS performance
The working assumption for idle mode from RAN1 #90bis was “to select a candidate among the following power saving physical signals:
· ‘Wake-up signal or DTX’ with new periodic sync signal
· ‘Wake-up signal or DTX’ without new periodic sync signal”
and to “[s]tudy till the next meeting how to ensure sufficient sync performance.
· Consider potential synergies with the WI objective on Reduced system acquisition time.”
Based on the same assumptions as in [4], the power performance also for the ‘sync in WUS’ alternative was assessed. Here it should be noted that no further assumptions about the WUS size was made. That is, the unsynchronized WUS operating towards an unsynchronized UE was assumed to have the same size as the WUS operating towards a synchronized UE. Since this alternative does not regularly synchronize to the network, the timing drift will grow inversely proportional to the paging rate. Furthermore, based on the simulation assumptions in [3], the average sync intervals and resulting timing drifts are presented in Table 1 for 10 % and 1 %, respectively.
[bookmark: _Ref498616573][bookmark: _Ref498616567]Table 1: Sync interval and timing drift data for the 'sync in WUS' alternative.
	
	10 % Paging rate
	1 % Paging rate

	Scenario
	Average sync interval [s]
	Average timing drift [ms]
	Average sync interval [s]
	Average timing drift [ms]

	A
	25.6
	0.0061
	256
	0.52

	B
	102.4
	2.1
	1024
	21

	C
	1639
	32.8
	16385
	328


For Scenario A, it is assumed that the UE will need to perform synchronization once the timing error exceeds ±½ a CP.
Table 1 and Figure 5 clearly show one of the problems with the ‘sync in WUS’ alternative – its sensitivity to the paging rate, and, consequently, its successively increased timing drift. For longer eDRX cycles this will result in impractically high timing drifts. This problem is particularly important considering that the power saving signal was introduced to target UEs with low paging rates. This is clearly not achieved with ‘sync in WUS’. Naturally, the UE would perform cell measurements in-between these long sync intervals, but with ‘sync in WUS’ combined with ‘WUS or DTX’, those measurements would be performed without any benefit of improved synchronization. 
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[bookmark: _Ref498672167][bookmark: _Ref498672161]Figure 5: Performance gain for ‘sync in WUS’ and ‘sync before WUS’ for 10 % and 1 % paging rates. ‘Sync before WUS’ presents a consistent behaviour, independent of paging rate, contrary to ’sync in WUS’ where performance is highly dependent on the paging rate. 
Conclusion
In Section 2 we made the following observations:
Observation 1	The power saving signal should be designed such that interoperability testing is kept to a minimum, to avoid delaying and restricting the introduction of this feature.
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	The WI objective ‘Relaxed monitoring for cell reselection’ does not imply a relaxed need for camping cell measurements, and thus network synchronization.
Observation 4	In many DRX and eDRX configurations, since the UE needs to confirm whether it remains in the same cell as before, by checking the SSS (or RSS), the UE is already synchronized to the network prior to the PTW.
Observation 5	A UE cannot rely on a randomly transmitted signal like the ‘WUS or DTX’ for network synchronization.
Observation 6	Designing WUS for unsynchronized UEs may result in unnecessarily large power consumption for UEs in good coverage or UEs in-sync.
Observation 7	A smaller WUS is easier to fit into existing network functionality and to partition into multiple UE groups.
Observation 8	If more than one UE paging group is defined, functionality to page all UEs in a PO must be provided, e.g., for SI or direct indication updates.
Observation 9	The eNB must be able to transmit a WUS corresponding to the eNB Rmax.
Observation 10	If multiple UE groups are agreed, the different UE groups are indicated by cover codes between symbols in the WUS.
Observation 11	Using transmit diversity for the WUS will likely improve performance.

Based on the discussion in Section 2 we propose the following:
Proposal 1	The power saving signal is defined only for idle mode.
Proposal 2	For idle mode, ‘WUS or DTX’ with a new periodic synchronization signal is chosen as power saving signal.
Proposal 3	The WUS length is decided by the eNB on a per PO basis.
Proposal 4	The WUS should provide similar coverage as its associated MPDCCH transmission.
Proposal 5	WUS lengths for different values of Rmax should be defined.
Proposal 6	To efficiently transmitting the WUS and maximize the UE sleeping time, a WUS search space can be defined with the ending points of the WUS candidates to be aligned.
Proposal 7	The distance between the WUS and PO is cell specific and provided in SI.
Proposal 8	The Zadoff-Chu sequence is used for WUS.
Proposal 9	The WUSs in different cells are differentiated by their sequence indices.
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