3GPP TSG-RAN WG2 Meeting #105bis	R2-1903381
Xian, China, April 8 – April 12 2019	
	

Agenda item:	12.2.3
Source:	Nokia, Nokia Shanghai Bell
Title:	Analysis of Interworking of GWUS and common WUS
WID/SID:	Additional Enhancements for NB-IoT 
Document for:	Discussion and Decision
1	Introduction
New WI in Rel-16 to support further enhancements to NB-IoT was approved in RAN#80. One of the objective of the WI is improve the UE power consumption with introduction of group based WUS. 
Following are the RAN1-103bis Agreements for GWUS functionality.
The aim of UE grouping for WUS is reducing the false alarm probability.
At least UE_ID based grouping is supported for UE-Group based WUS. This doesn’t exclude other options.
Further discuss whether the following are supported:
· Service based grouping 
· DRX/eDRX based grouping 
· Gap based grouping. 
· Coverage based grouping
Following are the agreements made in RAN2#104 related to UE Group Wake Up Signal functionality.
Further discuss the benefit and feasibility of using service-based parameters for grouping in addition to UE-ID.
Can discuss group distribution further, including Rel-15/16 mechanism interaction, once we know more about number of groups and more about the grouping solution (e.g. service-based parameters).
RAN2 will decide on the UE to WUS group mapping.

Following are the agreements made in RAN2#105 related to GWUS functionality.
· Feasibility of the solution based on the following attributes for deriving the service-type for GWUS can be studied further.
· Paging Probability
· Mobility 

In this discussion paper we analyse Rel-15 WUS functionality along with interworking of group based WUS with Rel-15 WUS when paging towards both Rel-15 and Rel-16 UE needs to be handled with minimum impacts. We further analyse the various grouping options agreed to further study as per last RAN2 agreements.

We use the following terms in the remaining sections of the document for Rel-15 and Rel-16 WUS signals.
· NWUS – Network Wake Up Signal without any group information included in it. Refers to Rel-15 WUS signal.
· GWUS – Group WUS signal. The wake-up signal used to wake up sub-group of UE mapped to paging occasion.
· CWUS  - Common WUS Signal. The WUS signal used to wake-up all the Rel-16 UE capable of Group based WUS.
2 Interworking of Different WUS Transmissions
As the UE are assigned to the paging occasion based on UE-ID only, it is possible that on paging occasion UE having different WUS capabilities can be mapped. In that case depending on the paging message to be scheduled on the paging occasion, the corresponding WUS signal needs to be scheduled. In case if the paging message contains paging identifiers for more than one UE each belonging to different UE capability, ENB may need to schedule more than one WUS signal prior to the paging occasion. Otherwise the ENB needs to postpone the paging message for UE belonging to one category to next PO in subsequent DRX cycle.
Based on the traffic model for network-initiated transmission towards IoT devices defined in [2], the estimated number of UE to be paged per paging occasion is one for the nominal paging scenario. In case of higher paging load case which may occur very infrequently more than one UE needs to be paged in paging occasion.
Observation 1: As per the reference traffic model for network-initiated data transmission towards IoT devices, scheduling of either NWUS or GWUS prior to paging occasion is sufficient for most of the scenarios.
When GWUS and NWUS are sharing the same time/frequency resources for transmission, the sequences generated for GWUS should have good orthogonal properties with the NWUS sequence. Even with good correlation properties, there are chances for false detection of GWUS sequence as NWUS at NWUS capable UE. To overcome this issue, the WUS signal transmission needs to be extended for a greater number of repetitions. This is applicable for both NWUS and GWUS sequences. 
Observation 2: Number of repetitions required for the WUS signal transmission may need to be increased if NWUS and GWUS are multiplexed onto the same time/frequency resources. Further analysis from RAN1 is required to conclude on the additional transmissions required.
TDM of GWUS and NWUS is another option which will not have the impact of false wake-up across these sequences. This option will require additional GWUS window configuration different from NWUS configuration.  As per the nominal paging load scenario only one of these WUS sequences are expected to be scheduled. So there is no additional resource allocation needed for TDM option for the reference paging load scenario. Only in case of transmission of paging for both NWUS capable and GWUS capable UE, the ENB may need to schedule both subsequent manners. The additional resource utilisation for this case happens is less probable thus it does not have major impact on resource utilisation. Thus TDM option between GWUS and NWUS is better option compared to sharing of same resource for NWUS and GWUS
Observation 3: TDM option for GWUS and NWUS is better option in terms of resource usage and also flexibility for scheduling both NWUS and GWUS at the same time.
Based on the above observations, we propose that RRC supports dedicated configuration for GWUS with different offset value than NWUS from the paging occasion.
Proposal 1:  RRC Configuration for GWUS should include offset position from paging occasion.
3   Paging for System Information changes for WUS and GWUS capable UE
In case of system information changes needs to be informed to all the UE via NPDCCH on the PO in Rel-16 ENB supporting GWUS functionality, the ENB needs to schedule both WUS and also common GWUS in every PO during the system information modification window. Instead of scheduling WUS and GWUS in every WO which may also have impact on sending the actual NPDCCH in the PO, ENB can send WUS and NPDCCH for Rel-15 UE in the first DRX cycle of the modification window followed by common GWUS and NPDCCH for Rel-16 UE in the next DRX cycle within the modification window. 
Observation 3: Updating system information change via paging towards UE having different WUS capability can be achieved with scheduling of paging for different WUS capable UE in separate DRX cycles within system information modification window. Specification changes are not required to support this functionality.

 4	Summary
In this discussion paper we analyse the paging scenarios associated with paging towards GWUS capable and NWUS (Rel-15 WUS) capable UE including the common paging scenarios. We make following observations and proposals.
Observation 1: As per the reference traffic model for network-initiated data transmission towards IoT devices, scheduling of either NWUS or GWUS prior to paging occasion is enough for most of the scenarios.
Observation 2: Number of repetitions required for the WUS signal transmission may need to be increased if NWUS and GWUS are multiplexed onto the same time/frequency resources. Further analysis from RAN1 is required to conclude on the additional transmissions required.
Observation 3: TDM option for GWUS and NWUS is better option in terms of resource usage and also flexibility for scheduling both NWUS and GWUS at the same time.
Proposal 1:  RRC Configuration for GWUS should include offset position from paging occasion.
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