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[bookmark: _Ref298777854]Introduction 
There are ongoing discussions on the detailed design of the wake-up signal (WUS) and newly introduced re- synchronization signal (RSS). 
In a WUS-enabled UE/MTC system, it would be beneficial if the UE could perform a minimum of measurements and as little signaling reception -- in terms of system information reading -- as possible within the complete cell reselection procedure and still be able to continue being configured with RSS & WUS reception in the new cell. 
In this contribution, we address the mobility aspect when RSS and WUS are used.
Discussion
Mobility
In the legacy scheme, whenever the UE wakes up from DRX/eDRX, in addition to monitoring the channel for possible paging in paging occasions (POs), it needs to check the following prior to the POs reception: 
· If the UE is configured with DRX cycle, the UE shall measure the RSRP and RSRQ level of the serving cell and evaluate the cell selection criterion S defined in [1] for the serving cell at least every DRX cycle, and based on Srxlev value decide whether to perform intra frequency measurements.
· If the UE is configured with eDRX cycle, the UE shall measure N consecutive DRX cycles within a single Paging Time Window (PTW) and check whether the serving cell does fulfill the cell selection criterion S.
Moreover, to be able to measure the RSRP and RSRQ of the serving cell and to detect mobility as shown in Figure 1, the UE may need to first perform energy-costly synchronization followed by the measurements using the received reference signals (e.g. CRS). This in return reduces the effect of the possible energy savings that can be achieved using RSS. 



[bookmark: _Ref498603301]Figure 1 – Legacy DRX
Observation 1: Using legacy RSRP and RSRQ to measure the strength of the serving cell and to detect mobility reduces the effect of the energy savings that can be achieved using WUS scheme.
In a RSS/WUS enabled MTC system, to avoid using the costly legacy approach for signal strength evaluation of the serving cell, it is beneficial if RSS also supports the possibility for the UE to measure the signal strength of a serving cell. Here, we consider when RSS in a cell is enabled and there is joint operation of the received RSS and WUS at the UE side. Without the RSS, the UE will rely on the legacy synch/reference signals for measurements which can lead to higher power consumption.
Proposal 1: The RSS is used to support mobility operation. 
 In a RSS/WUS-enabled MTC system, the inclusion of the cell information as part of WUS and RSS is agreed [2]. The RSS is the same for all the UEs within the serving cell and is always transmitted with a configurable periodicity. The WUS is only transmitted when there is a paging message (s) available. Note that both signals are selected from sequences with good correlation properties, e.g., Zad-off Chu sequence, so they can be detected non-coherently without any need to use the legacy synchronization signals such as CRS and/or PSS/SSS. In the RAN1 contribution [3], we propose that the WUS sequence reuses the sequence used in RSS.
With this proposed concept all UEs can utilize the repeatedly transmitted cell specific (i.e RSS) for synchronization purposes (e.g avoids possible accumulative clock drift) as well as mobility purposes and for ensuring the UE is still within cell coverage. The UEs that can be grouped together listen to the WUS to determine whether they should wake up and listen to the upcoming PO. If the UE detects the RSS but the WUS does not include a wake up command for the UE then the UE does not have to listen to the upcoming PO. Even though the UE hasn’t needed to read the PO (due to no wake up command), synchronising to the RSS has served a useful function in re-setting the timing alignment between the UE and eNodeB, avoiding accumulative clock drift.
Observation 2: An important advantage of RSS for both synch and measurement is that while supporting the awareness of the signal strength of the serving cell, it also avoids possible accumulative clock drift. 
The UE process for the RSS/WUS detection is as follows. The UE monitors the channel for RSS at pre-determined occasions. There are two possible scenarios upon detecting the WUS. If the information carried in the RSS matches the identity of the camped cell, then the UE continues to check for the existence of the WUS. In this case, if the UE detects the WUS carrying wake-up information related to its identity, it then concludes that a WUS is detected and continues to decode MPDCCH and PDSCH (whenever needed) otherwise the UE goes back to sleep. On the other hand, if the UE cannot detect the RSS at the expected occasion (and assuming the RSS in a cell is enabled), or if the information carried in the RSS does not match the identity of the serving cell due to, e.g., deterioration in the signal strength of the serving cell, the UE falls back to the legacy cell reselection. 
Additionally, in the case that RSS is not configured, a validity timer for the WUS can be used and UE will continue to monitor the WUS signal from the cell from where it received the WUS configuration. When this timer expires and UE is not woken up by any WUS signal prior to paging, then the UE will perform legacy cell reselection. This way UE sleep time can be maximized and loss of Paging can also be avoided.
Proposal 2: A WUS validity timer is also configured along with the WUS signal.

RSS configuration
In an RSS-enabled MTC system, it would be beneficial if the UE could perform a minimum of measurements and as little signaling reception -- in terms of system information reading -- as possible within the complete cell reselection procedure and still be able to continue being configured with RSS reception in the new cell. 

By including the neighbor cell RSS configuration in addition to the configuration of the serving cell, the UE would benefit from not having to perform neighbor cell measurements with legacy signals (it could perform neighbor cell measurements using more efficient RSS-based techniques). If a UE receiving RSSs could be informed about neighbor cell RSS transmission allocations, the UE could use a reception of neighbor cell RSS transmission to perform initial/coarse neighbor cell measurements.
Proposal 3: A new broadcast information is transmitted, within system information blocks, e.g., SIB, from the network to the UE to contain RSS configuration of multiple cells (serving and/or neighbor cell(s)). 
This RSS configuration contains:
· A flag to enable or disable the support of RSS signaling. 
· RSS resource allocations (time/frequency domain allocation).
· Other RSS configuration, such as periodicity, hopping pattern, sequence ID, timing reference.
Additionally, the RSS configuration can be broadcasted to all UEs or to the UEs supporting RSS.

Conclusion 
In this contribution, we have presented our views related to WUS and RSS aspects on mobility and have the following observations and proposals. 
Observation 1: Using legacy RSRP and RSRQ to measure the strength of the serving cell and to detect mobility reduces the effect of the energy savings that can be achieved using RSS scheme.
Observation 2: An important advantage of RSS for both synch and measurement is that while supporting the awareness of the signal strength of the serving cell, it also avoids possible accumulative clock drift. 

Proposal 1: The RSS is used to support mobility operation
Proposal 2: A WUS validity timer is also configured along with the WUS signal.
Proposal 3: A new broadcast information is transmitted, within system information blocks, e.g., SIB, from the network to the UE to contain RSS configuration of multiple cells (serving and/or neighbor cell(s)). 

References 
[bookmark: _Ref498603251]3GPP TS 36.304 -  Evolved Universal Terrestrial Radio Access (E-UTRA)
[bookmark: _Ref510709980]R1-1804602, “Considerations on eSS for efeMTC,” Sony, RAN1#92bis
[bookmark: _Ref513724436]R1-1806560, “Remaining issues in WUS for efeMTC,” Sony, RAN1#93

	3/3	
image1.emf
Power up

Synch.

DRx cycle

Cell 

evaluation

Monitoring MPDCCH

for possible paging

Possible 

paging msg.

Power up

Synch.

Cell 

evaluation

Monitoring MPDCCH

for possible paging


oleObject1.bin
Monitoring MPDCCH
for possible paging


Possible paging msg.


Power up


Synch.


Power up


Synch.


DRx cycle


Cell evaluation


Monitoring MPDCCH
for possible paging


Cell evaluation



