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1 Introduction
During RAN2 #97bis meeting, paging relay was discussed and three paging relay options were approved to be further discussed. In this contribution, we further discuss the following remaining issues on the three options, and provide our observations.  
· If network can configure the UE to monitor Uu paging while in-coverage
· Paging relay area issue

· Paging relay when relay UE in CONNECTED mode.
2 Discussion

2.1 If network can configure the Remote UE to monitor Uu paging while in-coverage
In the last RAN2 meeting, it is FFS if network can configure the UE to monitor Uu paging while in-coverage. When the Remote UE is in coverage, the Remote UE monitor Uu paging can decrease the Relay UE complexity and power consumption, while monitoring sidelink paging could decrease the Remote UE power consumption. Although it is very hard for the network to know if the Remote UE is in coverage when the Remote UE is in IDLE mode, it is beneficial that network could configure whether the Remote UE to monitor Uu paging in-coverage. 
Observation 1: It is beneficial that network could configure whether the Remote UE to monitor Uu paging in-coverage if the network has knowledge whether the Remote UE is in coverage.
2.2 Paging relay area issue for Option 2
In legacy paging transmission, paging is transmitted within the TA list scope in which the UE has registered. For paging relay mechanisms, as the discussion in the last meeting, paging may be transmitted via legacy Uu path or via relay path depended on the different paging relay solution.
For option 2, the Relay UE monitors the POs of the associated or linked Remote UE and forwards the paging to the Remote UE once identify the paging is for the Remote UE. In this option, network (e.g. MME) has not the link status information about the to be paged Remote UE and the Relay UE, and if deciding to page the remote UE via the relay path the network should transmit paging message within the TA list of the Remote UE. Furthermore, if the Relay UE has registered on the TA list which is different with the one that the Remote UE has registered, paging relay will fail.
Observation 2: In option 2, network should page the remote UE within the TA list of the Remote UE.
Observation 3: In option 2, if the Relay UE has registered on the TA list which is different with the one that the Remote UE has registered, paging relay will fail.
In legacy LTE, network can transmit directly the DL data to the UE using the existing EPS bearer without paging the UE. UE in CONNECTED mode receives paging only for monitoring the system information update and the CMAS/ETWS message.

For option 2, since the network does not have the link status information of the Relay UE and the Remote UE, network must send the paging message within the TA list of the remote UE and the Relay UE in CONNECTED mode needs to monitors the Remote UE POs and decodes the Paging Record. Therefore, the paging monitoring behaviour of the Relay UE in CONNECTED mode should be further investigated and clarified.
Observation 4: In option 2, the paging record monitoring behaviour of the Relay UE in CONNECTED mode should be further investigated and clarified.
2.3 Paging relay area issue for Option 3
For option 3, since network has the link status information about the to be paged Remote UE and the Relay UE, and if determining to page the remote UE via the relay path network should transmit the paging message within the TA list of the Relay UE if the Relay UE is in IDLE mode.

Observation 5: In option 3, network should page the Remote UE within the TA list of the Relay UE if the Relay UE is in IDLE mode
If the Relay UE is in CONNECTED mode, network can send directly the paging message to the Relay UE by dedicated signalling instead of paging within the whole TA list. And when receiving the paging message for the Remote UE, the Relay UE forwards the paging to the Remote UE.

Observation 6: In option 3, if the Relay UE is in CONENCTED mode, the paging message for the Remote UE can be sent to the Relay UE by dedicated signalling if MME has the link knowledge about the link status of the relay UE and the remote UE. 
Proposal 1: Capture the above observations into the TR.
2.4 Down-selection for paging relay options
According to the characteristics of the three paging relay options, Option 1 only apply to the case that the Remote UE is in coverage, however, option 1 is legacy mechanism and is beneficial to be supported when paging relay is not needed or not applicable.
Proposal 2: Option 1 is the legacy solution and should be supported when paging relay is 
not needed or not applicable. 

Both of option 2 and option 3 have advantages and disadvantages. However, option 2may not work well in some cases, e.g. that the Remote UE and the Relay UE register different TA list, paging will be fail and the paging record reception behaviour when the Relay UE is in CONNECTED state needs to be further investigated and evaluated. Therefore, option 2 is not preferred.
Option 3 has advantage that it can work well in any case and also paging can be sent in a limited area when the Relay UE is in CONENCTED mode. One could argue that signalling overhead could be increased when option 3 is applied. However, if we consider the typical use case that the Remote UE is a wearable device and when powering on the device may immediately link to the smartphone. The link status will not change until the wearable device is far away from the smartphone. Therefore, it is expected that the link status between the Remote UE and the Relay UE would not change frequently, and the signalling overhead can be acceptable.

Proposal 3: Adopt option 3 as paging relay mechanism.
3 Conclusion

In this contribution, we further discuss the following remaining issues on the three options, and provide our observations and proposals.  
Observation 1: It is beneficial that network could configure whether the Remote UE to monitor Uu paging in-coverage if the network has knowledge whether the Remote UE is in coverage.
Observation 2: In option 2, network should page the remote UE within the TA list of the Remote UE.
Observation 3: In option 2, if the Relay UE has registered on the TA list which is different with the one that the Remote UE has registered, paging relay will fail.

Observation 4: In option 2, the paging record monitoring behaviour of the Relay UE in CONNECTED mode should be further investigated and clarified.
Observation 5: In option 3, network should page the Remote UE within the TA list of the Relay UE if the Relay UE is in IDLE mode
Observation 6: In option 3, if the Relay UE is in CONENCTED mode, the paging message for the Remote UE can be sent to the Relay UE by dedicated signalling if MME has the link knowledge about the link status of the relay UE and the remote UE. 
Proposal 1: Capture the above observations into the TR36.746.
Proposal 2: Option 1 is the legacy solution and should be supported when paging relay is not needed or not applicable. 

Proposal 3: Adopt option 3 as paging relay mechanism.
4 Text Proposal
-------------------------------------------------------Text Proposal-------------------------------------------------------------------

5.1.2.2
Paging for evolved ProSe Remote UE

In this study, it is assumed that the evolved ProSe Remote UE should be linked with the evolved ProSe UE-to-Network Relay UE in order to receive paging via the evolved ProSe UE-to-Network Relay UE. The evolved ProSe Remote UE supports reception of paging over the linked evolved ProSe UE-to-Network Relay UE while the evolved ProSe Remote UE is in and out of E-UTRAN coverage. The evolved ProSe UE-to-Network Relay UE supports forwarding of paging for the evolved ProSe Remote UE located in and out of E-UTRAN coverage.

It is beneficial that network can configure the evolved ProSe Remote UE to monitor Uu paging while in-coverage if the network has knowledge if the evolved ProSe Remote UE is in-coverage or not.
There are multiple possible paging options with which the evolved ProSe Remote UE in RRC_IDLE can be reachable in downlink when it is in E-UTRAN coverage or out of E-UTRAN coverage as shown below. 
Option 1: The evolved ProSe Remote UE monitors its own paging occasion (PO) over Uu interface, so the evolved ProSe UE-to-Network Relay UE does not need to relay the evolved ProSe Remote UE’s paging over short range link. The evolved ProSe Remote UE with single receiver need to monitor Uu only in this option since the evolved ProSe Remote UE cannot be linked to the evolved ProSe UE-to-Network Relay UE via PC5 interface to send or receive data  while monitoring POs via Uu simultaneously. This option is shown in Figure 5.1.2.2-1.  
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Figure 5.1.2.2-1: Paging for evolved ProSe Remote UE (Option 1)

Advantages:

-
The evolved ProSe UE-to-Network Relay UE does not need to relay the evolved ProSe Remote UE’s paging over short range link so that additional power consumption for L2 relay UE and additional use of SL resource are not required.
Disadvantages:

-
It is not applicable when the evolved ProSe Remote UE is out of E-UTRAN coverage;

-
If the evolved ProSe Remote UE is linked to the evolved ProSe UE-to-Network Relay UE while receiving via Uu, the evolved ProSe Remote UE needs to attempt paging reception over downlink in addition to the reception of short range link while linked to the evolved ProSe UE-to-Network Relay UE. This is less power efficient for the evolved ProSe Remote UE. 
Option 2: The evolved ProSe UE-to-Network Relay UE monitors its linked evolved ProSe Remote UE’s PO in addition to its own PO. The evolved ProSe Remote UE does not need to attempt paging reception over downlink while linked to the evolved ProSe UE-to-Network Relay UE. The evolved ProSe UE-to-Network Relay UE may need to monitor multiple paging occasions. The evolved ProSe UE-to-Network Relay UE has to know the paging occasion of the evolved ProSe Remote UE and has to decode a paging message and determine which evolved ProSe Remote UE the paging is for. Also, the evolved ProSe UE-to-Network Relay UE may need to relay the evolved ProSe Remote UE’s paging over short range link. MME pages the evolved ProSe Remote UE within the TA list that the evolved ProSe Remote UE is registered on. This option is shown in Figure 5.1.2.2-2. 
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Figure 5.1.2.2-2: Paging for evolved ProSe Remote UE (Option 2)

Advantages: 

-
It is commonly applicable to both when the evolved ProSe Remote UE is in and out of E-UTRAN coverage; 

- 
The evolved ProSe Remote UE does not need to attempt paging reception over DL while linked to the evolved ProSe UE-to-Network Relay UE. This is more power efficient for the evolved ProSe Remote UE; 

- 
No need for network to know whether the evolved ProSe Remote UE and the evolved ProSe UE-to-Network Relay UE are linked or associated.

Disadvantages: 

-
The evolved ProSe UE-to-Network Relay UE needs to monitor multiple POs.  This is less power efficient for the evolved ProSe UE-to-Network Relay UE as the power consumption may increase depending on the number of evolved ProSe Remote UEs linked to the evolved ProSe UE-to-Network Relay UE;

-
The evolved ProSe UE-to-Network Relay UE needs to relay evolved ProSe Remote UE’s paging over short range link. This causes additional power consumption for the evolved ProSe UE-to-Network Relay UE and additional use of SL resource.
-  If the evolved ProSe UE-to-Network Relay UE is registered on the TA list which is different with the one that the evolved ProSe Remote UE is registered on, paging relay will fail.
-
Paging message for the evolved ProSe Remote UE message will be sent within the TA list that the evolved ProSe Remote UE is registered on even though the evolved ProSe UE-to-Network Relay UE is in CONNECTED mode. This increase paging system overhead.

-
The paging record monitoring behaviour of the evolved ProSe UE-to-Network Relay UE in CONNECTED mode should be further investigated and clarified.
Option 3: The evolved ProSe UE-to-Network Relay UE in IDLE mode monitors its own PO only and paging for the linked evolved ProSe Remote UE is also sent in the evolved ProSe UE-to-Network Relay UE’s PO. The evolved ProSe Remote UE does not need to attempt paging reception over downlink while linked to the evolved ProSe UE-to-Network Relay UE. The evolved ProSe UE-to-Network Relay UE has to decode a paging message, determine which evolved ProSe Remote UE the paging is for and needs to relay the evolved ProSe Remote UE’s paging over short range link. In order to page the evolved ProSe Remote UE, the core network (i.e. MME) is required to know linked status between the evolved ProSe UE-to-Network Relay UE and the evolved ProSe Remote UE and remap evolved ProSe Remote UE’s paging messages to occur on evolved ProSe UE-to-Network Relay UE’s POs when evolved ProSe Remote UE are linked and send the paging message within the TA list that the evolved ProSe UE-to-Network Relay UE in IDLE mode is registered on. The network can send paging message for the evolved ProSe Remote UE to the evolved ProSe UE-to-Network Relay UE in CONENCTED mode by dedicated signalling. This option is shown in Figure 5.1.2.2-3.
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Figure 5.1.2.2-3: Paging for evolved ProSe Remote UE (Option 3)

Advantages: 

-
It is commonly applicable to both when the evolved ProSe Remote UE is in and out of E-UTRAN coverage;

-
The evolved ProSe Remote UE does not need to attempt paging reception over DL while linked to the evolved ProSe UE-to-Network Relay UE. This is more power efficient for the evolved ProSe Remote UE;

-
The evolved ProSe UE-to-Network Relay UE does not need to monitor multiple POs. This is more power efficient for the evolved ProSe UE-to-Network Relay UE compared to the option 2.
-
Paging message can be sent to the evolved ProSe UE-to-Network Relay UE by dedicated signalling, which saves the paging system overhead.
Disadvantages: 

-
The evolved ProSe UE-to-Network Relay UE needs to relay evolved ProSe Remote UE’s paging over short range link. This causes additional power consumption for evolved ProSe UE-to-Network Relay UE and additional use of SL resource;

-
The network needs to know linked status between the evolved ProSe UE-to-Network Relay UE and the evolved ProSe Remote UE.
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