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1
Introduction
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.
To further discuss and conclude on the service based grouping for Group WUS following email discussion was agreed.
[104#42][NB-IoT R16] Analyse the benefit and feasibility of service based group WUS solutions (Nokia)


Companies can provide solutions, with benefit analysis (e.g. based on reference traffic model) and feasibility. 


Intended outcome: email discussion report


Deadline: Thursday 2019-02-07

2
 Background
In RAN2-103bis, For Group WUS, UE-ID based grouping option was agreed as baseline with further analysis on other options including service based grouping to continue in further meetings. As per RAN2-104 contributions on the grouping options, following is the summary of proposals related to service based grouping from the discussion papers submitted for the meeting. Only proposals from the documents are referenced in the below table.
	Proposals
	Reference

	Service based grouping option is considered
	[R2-1816400]

	Service ID might be used as second level of differentiation
	[R2-1816436]

	Paging occurrence can be used to further refine the UE Grouping
	[R2-1817085]

	Service based Grouping could be further considered for reducing the false alarm probability
	[R2-1817564]

	It is suggested not to support service based grouping
	[R2-1817634]

	RAN2 to consider mechanisms to override UE-ID based Grouping
	[R2-1818218]

	Two levels of UE Grouping based on Service type and UE-ID should be considered to improve the energy efficiency of GWUS reception
	[R2-1817048]


As per the discussion points of online discussion [2], views of different companies at high level can be grouped into following categories. 

· Service based grouping in addition to UE-ID based Grouping is beneficial. 
· Feasibility of service based grouping needs to be studied further.

· Service based grouping does not bring additional benefits in practice.
 3
Solutions for Service based Grouping
In this section, various solutions including how and what aspect of the service is used for grouping the wake-up signal and mapping Group WUS signal based on the service id are captured. Solutions should also specify additional impacts on other network elements to implement the service based grouping option. In addition to the solution description, benefit of the solution with assumed traffic model should be captured.

The subsections required for each solution along with the note for each of the subsections are also provided here.

3.1 Solution 1: Service type as additional Parameter for Paging
3.1.1 Solution Description 

3.1.2 Impacts on Network elements

· Changes required in Core network 
In our understanding, the service type of UEs is transparent to the eNB. Only the UE and the CN have corresponding information. So we think there are two changes required in CN:

· The UE and the CN need to align with each other on the service type. Either the UE negotiates with CN (similarly to the use of eDRX) or the CN configures a service type to the UE directly based on subscription information of the UE (similar subscription information as used for UE differentiation).

· The CN needs to provide the service type information in S1 paging message to the eNB.

· Changes required at NAS level

The signalling between the UE and the CN for service type should be NAS level.

· Changes required in eNB

The eNB needs to signal the mapping between UE-ID, service type and WUS group ID.

· Changes required at eNB, especially physical layer impact.

3.1.3 Benefits 

We agree that UE-ID based grouping can reduce false alarm probability for WUS theoretically. But we think this is not enough for IoT devices. 

According to the traffic model provided in TR45.820, only 20% of IoT devices have DL triggered service (Network Command):
	5.2.2
Capacity evaluation based on MS generated user data

The capacity metric is evaluated by running system level simulations with Mobile Autonomous Reporting (MAR) periodic traffic model and Network Command traffic model (See Annex E on traffic models). 

MAR exception reporting model (See Annex E) is not used for system capacity evaluation.

Software update reconfiguration/update model (See Annex E) is not used together with MAR periodic and Network Command in system level simulations. 
For the purpose of system level simulation, a Gb architecture is assumed when using traffic models. 

The split of devices between MAR periodic and Network Command is MAR periodic (80%) and Network Command (20%).
System level simulation for capacity evaluation should be repeated for the following total protocol overhead assumptions i.e. including all protocols below application layer and above equivalent of SNDCP layer (See table E.2-3 in Annex E). 

- 
A total protocol overhead of 65 bytes (without IP header compression).

- 
A total protocol overhead of 29 bytes (with IP header compression).


Most IoT UEs (80%) only perform Mobile Autonomous Reporting (MAR) and are almost never paged. However, these UEs will be distributed in WUS sub-groups together with the UEs that have network command. Every time the network wants to page a UE to transmit a network command, 80% of UEs in the same UE-ID based sub-group will also wake up, which means in a UE-ID based sub-group, the power consumption of 80% UEs will be impacted by the other 20% UEs.

Thus, we think that service based grouping is beneficial and needed even if UE-ID based grouping is supported and used, especially for IoT scenario.

3.1.4 Feasibility related Issues

· We do not see any feasibility issue.
3.2 Solution 2 : Paging Service type As Additional Parameter for Group based paging

3.2.1 Solution Description

Depending on the expected network initiated traffic towards the IoT UE and also based on the mobility characteristics the impact on false wake up to other UE belonging to the same paging occasion varies. For example if there is IoT UE device which does not expect any network command, it may false wake-up for paging triggered to send network command to other UE. In the same-way IoT UE expecting less frequent paging per day will have to wake up on all paging occasions if this information is not possible. In the same way, paging retransmission in multiple cells towards IoT device embedded in tracking device may false wake-up stationary devices in all these cell. 

The Paging Profile of the UE considered as paging-service-type will reduce the false wake-up. For example,the paging-profile in-terms of paging-traffic and mobility can be mapped to service-ID as below in the CN as part of subscription information.

	Paging-Service-Type
	Mobility
	Paging Rate

	1
	Stationary
	Low

	2
	Stationary
	Medium

	3
	Stationary
	High

	4
	Mobile
	Low

	5
	Mobile
	Medium

	6
	Mobile
	High


Number of Paging-Service-Id can be configurable at CN across all the UE within the network depending on the potential classification which will result in better false wake performance across UE of different paging-services.

The paging service type can be only based mobility or paging-rate also instead of combination of the same if there is limitation on number of GWUS.  
3.2.2 Impacts on Network elements

CN/NAS Impacts

This solution requires the paging-service-id defined in terms of paging characteritics (eg mobility,,paging rate ) as part of subscription information. As part of NAS registration or Routing Area update procedure, CN also informs this service-id towards UE which is capable of GWUS. 

Impacts to UE Idle mode behaviour

The sequences used to differentiate the group on the GWUS signal is mapped to service-Id and UE-Id. The UE checks for the sequence or set of sequences corresponds to its group in the GWUS and decide on further reception on the paging occasion.

S1 Interface Impacts 
CN sends the service-id type along with other information in the S1-Paging message.
3.2.3 Benefits 

Following idle mode UE distribution is assumed for the benefit analysis

	
	

	Number of Idle mode UE
	52540

	Percentage of IoT UE with Network command traffic
	10510

	Split of Network command based on network command traffic 
	50%  - Having network command rate more than 1 per 12 Hours

50% - Having network command rate less than 1 per 2 Hours 

	Split of idle UE across mobile/stationary devices
	80 (Stationary) :20 (Mobile)


Analysis for network command rate based service-ID

Based on the above UE distribution, the average number of  paging message /Hour for UE listening to paging occasion with 

· DRX cycle configuration of 10.24 seconds 

· Number of paging occasions configured as 1 per every radio frame within DRX cycle

Is calculated as approximately 6 pages per Hour. With Re-15 WUS signal for every PO, the UE only need to listen to paging occasion 6 times per hour. Rel-15 WUS already improves the efficiency from 1 paging reception per 10 seconds (DRX cycle) to 1 paging reception per hour.  In case of UE-ID based subgrouping with 8 sub-groups this will result in 1 paging per hour.

With the above configuration, the UE which is expected to receive only 2 pages per day (NC command UE with 1 NC per 12 Hours) false wake-up for every hour.

If the service based grouping is replacing the UE ID based grouping or if it is considered along with UE-ID based grouping, this false wake-up can be avoided.

Analysis for mobility based Service ID
With un-equal distribution of UE across stationary and mobile devices within cell, Grouping only based UE-ID will impact the false-wake up performance for the UE belonging to group having lesser number of devices. Another impact of combining the paging for mobile and stationary devices is the false-wake-up impact to the stationary devices in multiple cells, when the paging retransmission happens for the mobility UE. Considering the percentage of retransmission as 20% with retransmission happening over 10 neighbouring cells, the number of stationary UE impacted by this retransmission to mobile UE in all these cells is approximately 4000. With Service-ID based Grouping based on mobility type the false wake-up impact of paging retransmission can be completely avoided.
3.2.4 Feasibility related Issues

Depending on the RAN1 conclusion on maximum number of sequences that can be used for GWUS signal, the feasibility for mapping both service-Id and UE-ID to these sequences may be impacted. 

Considering the reference traffic model for network command, the probability of sending more than one paging message in paging occasion is very low. For these cases the number of groups for GWUS need not consider the possibility of sending paging message for multiple groups. With this assumption large number of groups should be possible which will allow the flexibility to assign the GWUS sub-grouping based on service-type.
4 Discussion 
In this section companies can indicate their view as either one of the categories listed in the end of section 2. In case if company selects the view that service based grouping is beneficial ,companies can also indicate their prefered solution within the solutions outlined in section 3.

	
	Solution Preferred
	Reason /Additional comments

	Qualcomm
	Feasibility of service-based grouping needs to be studied further.
	Service based grouping can be used as an alternative to UE-Id based scheme.

· RAN1 needs to confirm the number of sub-groups possible.

SA2 should be consulted on the viability of deriving service groups to minimise false paging and to understand the system level impact.

If there are more than one sub-grouping scheme is defined then using more than one sub-grouping scheme at the same time (i.e. some UEs using UE-ID based scheme and others using service based scheme) could lead to non-optimal operation. Therefore, only one sub-grouping scheme should be used on one WUS channel.

	Ericsson
	Feasibility of service-based grouping needs to be studied further.
	The gain due to gWUS comes from reduced false paging. That is, it is beneficial to group UEs with similar paging probability. There is however no guarantee that two UEs with the same service will have the same paging probability. That is, false paging will depend on the UEs specific use of the services, the DRX cycle lengths or PSM configuration, the paging configuration and narrowbands/paging carriers used, etc. 

Therefore, in order to have any gains the ‘service type’ would have to be defined to clearly be a measure of the paging probability per PO. Even then, it is not obvious if the gains are worth the complexity and thus further study is needed.

There is however one “service type” for which gains from reduced false paging are clear: mobile UEs. Since paging is often escalated to more cells or even the entire TA for mobile UEs, one single UE would cause a lot a false paging for very many other UEs. It should be studied further if separate grouping for mobile UEs would be favourable.

Comment to Huawei reply: Regarding only 20% of the UEs being paged; that means 80% has no strict requirements on DL reachability and can be configured with very long eDRX or PSM. For e.g. 3h eDRX or PSM of several days, the impact from false paging will be negligible.

	Sony
	Feasibility of service-based grouping needs to be studied further.
	We agree with Qualcomm and Ericsson above, that SA2 should be consulted as well as discussion are needed around paging strategy and whether that can be related to the service a certain types of UE may need,

	Turkcell
	Feasibility of service-based grouping needs to be studied further.
	We agree with Sony and Ericsson related with service based Group Wake Up signal. Even service based gWUS signal brings us more flexibility as an operator, the complexity should be analysed. An operator wants to define different gWUS for different services like asset-tracking device and street-light sensor.

	Lenovo
	Service-based grouping is beneficial to reduce false paging alarm, a simple design is desired at first step.
	Based on the discussion in RAN2#104 meeting and solution 3.2, it can be concluded that the UEs with similar paging probability are better to be in the same UE group to reduce false paging alarm. So we think a simple design based on paging probability needs to be considered, the service type should be associated to paging probability firstly.
On the parameter associated to paging probability, as comment by Ericsson, we think ‘service type’ would have to be defined to clearly be a measure of the paging probability per PO, thus it could be a UE-specific value and configured by CN node, it is associated to the number of real service and the number of paging occasion in a period to a UE, SA2 could be consulted on the computing ability to paging probability on each intresting UE.

For the impact on RAN1, the maximum number of UE group in one WUS channel for paging needs to be decided by RAN1, then we could discuss one sub-grouping scheme to one WUS channel, or multiple sub-grouping schemes to one WUS channel. Anyway, only one sub-grouping scheme to one WUS channel is simple and more efficient to reduce false paging alarm.

	Intel
	Feasibility of service-based grouping needs to be studied further.
	Further overhead in system information and increase in the number of WUS groups due to further service-based grouping should be minimized. We also think paging probability could be different for UEs using same service and thus gain in reducing false paging compared to specification impact and added complexity is still not clear. 

	Huawei
	Service based grouping in addition to UE-ID based Grouping is beneficial. 


	Solution 3.1

	Nokia
	Service based grouping in addition to UE-ID based Grouping is beneficial. 


	Solution 3.2 with some further enhancements to consider common solution for grouping based on paging-service-type. 

	ZTE
	Feasibility of service-based grouping needs to be studied further and we prefer not to support service-based grouping in R16.
	We have the following concerns for service-based grouping:

1. We agree with Ericsson that the UEs that are never or seldom paged could use PSM mode in order to maximize power savings and they are less likely to be affected by UE-group WUS signal. Therefore, for discussion about whether the service-based grouping is needed, we could only focus on the UEs which are possible to be paged. 

2. As the number of real IoT service types is very large, it may be very difficult to use real IoT service types in “service” definition in SA2 but only the factor which can indirectly reflect paging characteristic could be considered. Then it’s still highly possible that the UEs within a “same service” group are not paged at the same time and it’s inevitably a UE-group WUS signal would false wake up some of UEs in this group. In a summary, we agree with Ericsson and Intel that paging probability could be different for UEs using “same service” and thus gain in reducing false paging is not clear and may be not worth the complicated specification work.
3. Even if all the UEs in a “same service” group really need to be awakened at the same time, another issue needs to be considered, that is, the overhead or collision of paging responses for a big group may be very serious.

4. With service-based grouping, in the case that paging for the UEs in several service groups reach at the same time, we may see several service-based WUS signals need to be sent. But with UE_ID-based grouping, it’s possible that these UEs with different “service” are grouped together and only one WUS signal is needed.


5 Summary of e-mail Discussion

5.1 Summary

Summary of Company Views

Overall 8 companies have provided their views on the service based grouping for GWUS. The company opinion on the service based GWUS is summarised in the below table.

	View on Service based GWUS
	Companies

	Feasibility of service-based grouping needs to be studied further.
	Ericsson, Qualcomm, Sony, TurkCell, Intel, ZTE

	Service based grouping in addition to UE-ID based Grouping is beneficial. 
	Lenova, Huawei, Nokia

	Service based grouping does not bring additional benefits in practice.

	None


Summary on Benefit Analysis

On the benefit analysis for service based GWUS two companies provided analytical results to show the benefits on false wake-up performance with service based GWUS. One company provided analysis on the benefits of paging-service-type based grouping based paging-rate and also based on mobility type.

Summary on Impact Analysis

High level impacts on core-network, NAS signaling and S1 Interface changes are provided for the solutions described in Section 3.  As per the impact analysis and also based on comments given in section 4, further Liasoning is required with other groups (e.g SA2) for service based grouping option.

On the RAN1 impacts for service based GWUS solutions the views can be grouped as below.
· RAN1 only decides on the number of sequences to be used for GWUS. RAN2 will further analyse the mapping of these sequences to sub-group. With this as basis, service based grouping is not expected to have any RAN1 impacts.

· Service based GWUS will have some RAN1 impacts. 

Further online discussion required on this point to agree on this point.
5.2 Proposals

Following proposals/agreements can be considered for agreement in RAN2-105.

· Service based GWUS is beneficial. Feasibility of the solution needs to be studied further.

· Paging Probability and Mobility of the service type are considered to have impact on false wake-up performance. These attributes can be used for deriving the service-type for GWUS. 

· Use of other attributes for service types FFS
· Discussion with SA2 is required on the feasibility of deriving and assigning service type which have impact on paging performance.

For paging service type to be considered for GWUS following working assumption can be considered

· Paging Service type based GWUS can be considered for UE having the same DRX/eDRX configuration only.
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