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1      Introduction

This contribution reports on the following email discussion: 

[97#66][LTE/FeD2D] – Paging – Intel

-
Capture description for the different solutions for paging 

-
Capture the advantages/disadvantages of the different solutions

-
Discuss relationship to facilitate MT connection establishment with eRemote UE via eRelay UE is the “linked” state or “associate” between these two UEs (feasibility of the two solutions).

-
Deadline: Thursday 16/03/2017

2      Discussion
2.1     Capture description for the different solutions for paging: 

Based on RAN2#97 discussion [1][2][3], it was agreed to capture the following paging solutions: 

Paging occasions Options 

1. Relay UE monitors relay UE PO only (single paging occasion)

2. Relay UE monitors Remote UE PO (multiple paging occasions)

3. Remote UE monitors Uu 

4. Relay UE monitors paging occasions that are aligned between the remote UE and relay UE PO.  

Q1: The draft TP is made and companies are asked to comment or update the following TP.

	Start of changes


5.1.2
Protocol enhancements

5.1.2.1
Discovery and connection establishment procedure

Discovery is defined as the process that detects and identifies another UE in proximity. For PC5, legacy relay discovery procedure is assumed to be used as a baseline. The legacy discovery physical channel is assumed to be used and the size of the discovery message is assumed to be fixed to 232 bits as the legacy discovery message size.

Editor’s Note: RAN2 can study if additional enhancements to the relay discovery procedure are needed.  

In order for evolved ProSe Remote UE to communicate with the network via evolved ProSe UE-to-Network Relay UE, it is necessary to establish connection between evolved ProSe Remote UE and evolved ProSe UE-to-Network Relay UE. For PC5, “PC5 Signalling Protocol" is assumed to be used for establishing a secure connection and the legacy connection establishment procedure is assumed to be used. 

Editor’s Note: RAN2 can study RAN2 specific enhancements related to connection establishment for power consumption purposes.  

5.1.2.2
Paging for evolved ProSe Remote UE
There are multiple options possible for how the evolved ProSe Remote UE in RRC idle state can be reachable in downlink when it is in E-UTRAN coverage or out of E-UTRAN coverage: 
Option 1: Evolved ProSe Remote UE monitors its own paging occasion over Uu interface. This option is applicable only for the case where the evolved ProSe Remote UE is in E-UTRAN coverage. 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)
Option 2: Evolved ProSe UE-to-Network Relay UE monitors its associated/linked (TBD) the evolved ProSe Remote UE’s paging occasion in addition to its own paging occasion. This option is applicable for both cases where the evolved ProSe Remote UE is in E-UTRAN coverage and out of E-UTRAN coverage. 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)

Option 3: Evolved ProSe UE-to-Network Relay UE monitors its own paging occasion only and paging for the associated/linked (TBD) evolved ProSe Remote UE is also sent in the evolved ProSe UE-to-Network Relay UE’s paging occasion. This option is applicable for both cases where the evolved ProSe Remote UE is in E-UTRAN coverage and out of E-UTRAN coverage. 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)

Option 4: Evolved ProSe UE-to-Network Relay UE monitors a paging occasion which is time aligned between the evolved ProSe UE-to-Network Relay UE and its associated/linked (TBD) the evolved ProSe Remote UE. This option is applicable for both cases where the evolved ProSe Remote UE is in E-UTRAN coverage and out of E-UTRAN coverage. This option is shown in Figure 5.1.2.2-4.
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Figure 5.1.2.2-4: Paging for evolved ProSe Remote UE (Option 4)

	End of changes


[Proposal 1]: RAN2 is asked to agree the above TP to capture paging solutions. 
2.2     Capture the advantages/disadvantages of the different solutions: 

2.2.1 
Advantages/disadvantages of option 1: 

Option 1 is simple since it just reuses legacy paging reception over downlink, however disadvantages will be option 1 is not applicable when the remote UE is out of E-UTRAN coverage. In addition when the remote UE is linked with the L2 relay UE and it is in RRC idle state (according to 4.3, TR36.746), the remote UE would need to attempt to receive paging message over downlink in addition to the reception of data over short range link, which would be not good in the remote UE power consumption. Note the remote UE may anyway need to attempt to receive data over short range link while linked to L2 relay UE. Therefore: 

· Advantages: 

A) Minor impact on specifications 

B) No need to relay paging over SL (no additional delay of paging, no additional power consumption for the L2 relay UE, no additional resource used over SL)

· Disadvantages: 

A): It is not applicable when the remote UE is out of E-UTRAN coverage. 

B): The remote UE may need to attempt to receive paging message over downlink in addition to the reception of data over short range link while linked to the L2 relay UE (i.e. less power efficient).

Q2: Agree with advantage A)? 

	Company
	Yes or No?
	Additional comment

	Intel
	No
	

	Ericsson 
	Yes
	

	Nokia
	Yes
	No specification work is required

	Sequans
	No
	Since this option would be combined with one of the other options for the OOC case, we would need to specify the transitions from IC to OOC to IC and possibly it would be also required to signal these transituions.to the NW

	ZTE
	Yes
	We would like to respond to Sequans comment that we think the UE is not necessarily required to inform NW about its coverage status if NW here specifically means MME. 

In eMTC topic, similar problem was discussed before. The non-LC UE supporting EC(extended coverage) does not inform NW upon its coverage status transition. RAN2 decided to leave it to NW implementation to make sure UE gets paged.

	LG
	Yes
	

	Coolpad
	No
	This option doesn’t work for OOC case. For OOC case, paging would anyway be relayed by relaying UE. So, if this solution is adopted for IC ase, then, for transition between IC and OCC for cell edge eRemote UEs, it should at least inform the eRelaying UE that whether there is a need to relay the paging message when the eRemote UE lose the eNB coverage.  Thus there should be some UE impacts for idle mode.  No strong opinion on whether NW side should be informed, perhaps the eNB needs to know something but MME can be transparent about whether linked or not.

	Qualcomm
	Yes
	This option has no spec impact and is needed anyway for any wearable UEs which like to use uni-directional relay. The UEs which tends to select unidirectional relay will only support Uu-based paging. Those wearables are not supposed to work OOC at all. Hence, we cannot rule out this paging option.



	Sony
	No
	Would need to specify how a bandwidth reduced UE can perform simultaneous (or TDD) monitoring of Uu and sidelink to meet the conditions captured in the TR that the remote UE can be in idle while linked to a relay. In our understanding the remote UE that is linked to a relay in idle mode stops monitoring Uu.

Agree with QC that this is supported for the unidirectional case (by definition DL uses Uu) and this case has minimum specification impact, at least to support paging.


[Proposal 2]: There is no clear majority companies’ view, so RAN2 is asked to further discuss online.  

· 5 companies (agree) vs 4 companies (disagree)

Q3: Agree with advantage B)? 

	Company
	Yes or No?
	Additional comment

	Intel
	Yes
	

	Huawei
	Yes
	1. Relay UE need not monitor and forward paging for remote UE.(i.e. no additional power consumption for relay UE)

2. No additional delay for remote UE receiving paging.

Considering that option 1 has the merit of reusing the legacy paging without standard impact potentially needed, some forms of combination of option 1 and option 2/3/4 can be considered (e.g. option 1 for InC, option 2/3/4 for OoC).

	Nokia
	Yes
	Agree with Huawei on additional advantages as well as that this could be used for in coverage while using one of other options for OoC.Does not decrease spectral efficiency in the cell as opposed to other options

	Sequans
	Not always
	This is not necessarily true that there would be additional delay for remote UE receiving paging. At least for UEs operating CE we can expect reduced latency. Also when we look on the complete MT communication establishment process i.e. paging plus RA procedure V.s. relayed paging plus relayed connection reconfiguration, the later may actually be faster. In the same way we can also expect less use of resources in these use cases

	ZTE
	Yes
	

	LG
	Yes
	

	Coolpad
	Not always
	Agree with Sequans that for CE mode latency for relay case may not be longer.

	Qualcomm
	Yes
	

	Sony
	No
	For the out of coverage case we still need to support relaying of paging over sidelink, so “no need” isn’t true.


[Proposal 3]: RAN2 is asked to agree the advantage B) and to capture it into TP. 

· 6 companies (agree) vs 3 companies (disagree)

Q4: Agree with disadvantage A)? 

	Company
	Yes or No?
	Additional comment

	Intel
	Yes
	

	Sony
	Yes
	

	Huawei
	Yes
	This seems obvious.

	Nokia
	No
	We do not find this as a disadvantage as we do not have to apply the same solution for in coverage and out of coverage. Especially that this solution is an already existing mechanism not requiring any specification work.

	Sequans
	Yes
	

	ZTE
	Yes
	

	LG
	Yes
	The option 1 is not applicable when a remote UE is out of coverage, therefore, it is not suitable for FeD2D scenario where the remote UE is out of coverage.

	Coolpad
	Yes
	

	Qualcomm
	Yes
	


[Proposal 4]: RAN2 is asked to agree the disadvantage A) and to capture it into TP. 

· 8 companies (agree) vs 1 company (disagree)

Q5: Agree with disadvantage B)? 

	Company
	Yes or No?
	Additional comment

	Intel
	Yes
	

	Sony
	Yes
	One option would be to specify that a remote UE always camps on Uu when in idle mode, but this would mean reverting previous decisions and we believe it should be possible for the remote UE to “camp” on a relay and stop Uu monitoring. 

	Huawei
	Yes
	Less power efficient from the Remote UE’s perspective (only), compared with reception of paging message over short range link in the other options

	Nokia
	No
	Following same reasoning we could say that when paging is relayed over sidelink UE needs to receive paging over sidelink in addition to the reception of data over sidelink, i.e. instead of SL data + DL paging it has to receive SL data + SL paging. It is not that obvious and has not been shown that reception of paging over sidelink is less power consuming than reception of paging over downlink/Uu. Also, this option does not require PC5 link maintenance when no data is relayed, which may actually increase power efficiency of remote UE (and relay UE).

	Sequans
	Yes
	Remote UE in coverage needs to either monitor both Uu and short range link. Or another option is that the Remote UE would signal the NW, probably via the relay UE, whenever the coverage status is changing. This could  also lead to power and signaling overhead

	ZTE
	Yes
	

	LG
	Yes
	

	Coolpad
	Yes
	

	Qualcomm 
	Yes
	


[Proposal 5]: RAN2 is asked to agree the disadvantage B) and to capture it into TP. 

· 8 companies (agree) vs 1 company (disagree)

Q6: Any other advantages or disadvantages from option 1?  

	Company
	Other advantage
	Other disadvantage

	Sony
	
	Even when there is no data being relayed, the remote UE must monitor both Uu (to receive paging, check RSRP) as well as the sidelink (at least RSRP) and we would need to define the requirements for this since we assume UE cannot do this simultaneously there would need to be some form of gaps and time alignment.

In response to the Nokia comment “We do not see the need to modify the current behavior. Already in Rel-13 D2D this is supported so we do not see what the additional complication is. Also as mentioned in the table there is no need to maintain sidelink connection when there is no data to be relayed.” In Rel-13 the UE needs to be able to perform simultaneous monitoring of Uu and PC5 which implies dual reciever capability which is not suitable for the low power low cost wearable.

	Nokia
	Additionally, we see these advantages:

1. PC5 link between UEs does not have to be maintained when there is no data to be relayed
	

	Sequans
	
	For in coverage, and especially for UEs operating CE, there is a loss of power in compare to options 2/3/4 which can save power due to the reduced repetitions transmission and overall wakeup time

	Qualcomm
	When eRemote UE is in RRC_IDLE mode and in coverage, it does not need to listen to the “connections setup request” from the Sidelink, and we can simply assume the SL setup is always initiated from the eRemote UE side in this case. 
	


[Proposal 6]: There is no further consensus on any other advantages and disadvantages so RAN2 is asked to discuss online if needed.  

2.2.2 
Advantages/disadvantages of option 2: 

Unlike option 1, option 2 is applicable for both cases where the remote UE is in E-UTRAN coverage and where it is out of E-UTRAN coverage, so it can work as the common solution to cover in-coverage and out-of-coverage remote UEs. In addition when the remote UE is linked with the L2 relay UE and it is in RRC idle state (according to 4.3, TR36.746), the remote UE does not need to attempt to receive paging message over downlink and it can rely on the reception over short range link. Note the remote UE may anyway need to attempt to receive data over short range link while linked to L2 relay UE. One disadvantage is the L2 relay UE needs to monitor multiple paging occasions, which is not good in the L2 relay UE power consumption. Therefore: 

· Advantages: 

A): It is commonly applicable to both when the remote UE is in E-UTRAN coverage and when the remote UE is out of E-UTRAN coverage.

B): The remote UE does not need to attempt to receive paging message over downlink while the UE is linked to the L2 relay UE (i.e. more power efficient).

· Disadvantages: 

A): The L2 relay needs to monitor multiple paging occasions (i.e. less power efficient)

B): Need to relay paging over SL (additional delay of paging, additional power consumption for the L2 relay UE, additional resource used over SL)

Q7: For option 2, does the network need to know “associated” or “linked” status or nothing is needed?

	Company
	“associated” or “linked” or nothing ? 
	Additional comment

	Intel
	Linked
	In general, paging messages cannot be sent over sidelink to the remote UE unless they are linked,

With “associated” information only available in the network, the network is not aware of whether the remote UE is linked to the L2 relay UE so paging is relayed or whether the remote UE is not linked to the L2 relay UE so the UE monitors PO in DL. Then if TA (Tracking Area) is different for the remote UE and the L2 relay UE, which TA the network should send a remote UE paging message? Note we don’t have any restriction that the remote UE’s serving cell and the L2 relay UE’s serving cell should be same. Of course, the network may send it to both TAs, but it is not good in the system point of view. It seems this issue is same for both option 2 and option 3.

We think with the consideration of the scenario 2 (i.e. OOC remote UE), the network should at least know “associated” otherwise does the network sends remote UE’s paging message to all TAs? 

	Nokia
	Nothing
	For option 2 no knowledge is needed. 

	Huawei
	Linked
	To transmit paging from the relay to the remote, the relay and remote must have short range communication set up and be able to exchange data.   This seems the definition of “linked”.

	Sony
	associated
	Paging messages cannot be sent over sidelink to the remote UE unless they are linked, since this ensures UEs are able to communicate on sidelink and paging can be forwarded. However, it may be possible to trigger a PC5 connection to respond to paging – this would however imply that UEs are not only associated, but also in proximity. It is not clear which option is best and we would like to hear other views.

Note that in the current TP (similar text exists for scenarios 2 and 3 but I just copy scenario 2 for convenience):

· In Scenario 2, the network can initiate establishing a link between the evolved ProSe Remote UE and the evolved ProSe UE-to-Network Relay UE.  It is FFS if the network needs some “prior knowledge” of the relationship between the evolved ProSe Remote UE and the evolved ProSe UE-to-Network Relay UE.

This implies that remote and relay don’t need to be linked, but the PC5 connection establishment can be triggered when NW attempts to page via relay.

Also the remote UE should be able to reselect/disconnect from the relay and continue with monitoring of paging on Uu without informing the NW.

	Sequans
	associated
	The question is not if the UEs need to be linked but if the NW needs to be aware of it. 

On the TA issue raised by intel – perhaps we should verify with SA2 that associated UEs are also in the same TA. On TA change the UEs would anyway need to register into the TA again and they could also register the association again.

	ZTE
	Nothing
	For the paging in option 2, only the relay UE needs to know the linked status. It is not necessary for the network (MME) to know the linked or associated status of remote UE. When the MT traffic for remote UE arrives at SGW, the MME could trigger the eNB to page the remote UE through legacy paging procedure. Relay UE monitors the paging message for linked remote UE. Upon receiving the paging message for remote UE, the relay UE forwards the paging to remote UE. 

For the TA issue, we think the remote UE should be required to choose the relay UE whose serving cell supports at least one of the TAs in remote UE’s TAI list. In this way, the relay UE could always receive the paging for linked remote UE if any.

	LG
	Nothing
	For the option 2, it is not necessary to know the linked or associated status.

	Coolpad
	Nothing
	

	Qualcomm
	Nothing
	eNodeB shall be kept transparent to the paging via eRelay scheme.


[Proposal 7]: There is no clear majority companies’ view, so RAN2 is asked to further discuss online.  

· 5 companies (nothing) vs 2 companies (associated) vs 2 companies (linked)
Q8: Agree with advantage A)?  

	Company
	Yes or No?
	Additional comment

	Intel
	Yes
	

	Sony
	Yes
	

	Huawei
	Yes
	

	Nokia
	No
	We do not see this is an advantage. As commented above for Solution 1 different mechanisms can be applied to in-coverage and out of coverage. The real advantage of this solution is that network would not have to be made aware of any changes of association/linked or coverage state of the remote UE.

	Sequans
	Yes
	

	ZTE
	Yes
	

	LG
	Yes
	

	Coolpad
	Yes
	

	Qualcomm
	No
	Agree with Nokia. It is not required to force a single paging scheme for all the scenarios. It is also infeasible to have such a “one-fits-all” paging scheme.


[Proposal 8]: RAN2 is asked to agree advantage A) and to capture it into TP.  

· 7 companies (agree) vs 2 companies (disagree)
Q9: Agree with advantage B)? 

	Company
	Yes or No?
	Additional comment

	Intel
	Yes
	

	Sony
	Yes
	

	Huawei
	Yes
	

	Nokia
	No
	Same comment as for Q5

	Sequans
	Yes
	

	ZTE
	Yes
	

	LG
	Yes
	

	Coolpad
	Yes
	

	Qualcomm
	No
	When eRemote and eRaly are “linked”, the eRemote shall use relay to transport traffic to the network. Otherwise, there is no need to be linked. So, if there is traffic ongoing to eNB, the eRemote UE is not in RRC_IDLE state and there is no paging. Basically, I think “RRC_IDLE eRemote UE linked to a eRelay UE” is a “transient” corner case and there is no need to optimize the corner case 


[Proposal 9]: RAN2 is asked to agree advantage B) and to capture it into TP.  

· 7 companies (agree) vs 2 companies (disagree)
Q10: Agree with disadvantage A)? 

	Company
	Yes or No?
	Additional comment

	Intel
	Yes
	

	Huawei
	Yes
	Less power efficient from the Relay UE perspective (only), compared with option 3/4

	Nokia
	Yes
	This disadvantage may be mitigated by having remote UE request a UE specific DRX cycle, which is already a supported feature. When UE requests extended DRX cycle which is very relevant for IoT/wearables, then the impact on Relay UE’s power consumption is limited.

Also what is mentioned by Sony is the worst case scenario when we assume that POs will never overlap while the overlap probability can be increased by the network configuration of paging related parameters.

	Sequans
	Yes
	Power consumption increased even more on each additional supported Remote UE

	ZTE
	Yes
	

	LG
	Yes
	It is a simple design, however, a relay UE need to monitor multiple paging occasions including remote UEs. Therefore, it may impact the relay UE’s power consumption especially when the multiple remote UEs are linked simultaneously.

	Coolpad
	Yes
	This is something needs to pay as a relay.

	Qualcomm
	Yes
	

	Sony
	Yes
	We see this as a critical problem. In case only 1 remote UE is linked to a relay, then relay needs to monitor double the paging occasions, implying similar effect to ½ DRX cycle. In case 2 remote UEs are linked, then this is like reducing DRX to 1/4 . The power consumption impact looks to be unacceptable for devices such as a smartphone acting as a relay.



[Proposal 10]: RAN2 is asked to agree disadvantage A) and to capture it into TP.  

· 9 companies (agree) 

Q11: Agree with disadvantage B)? 

	Company
	Yes or No?
	Additional comment

	Intel
	Yes
	

	Huawei
	Yes
	Additional delay for remote UE receiving paging.

	Nokia
	Yes
	

	Sequans
	Not always
	Same as Q3

	ZTE
	Yes
	

	LG
	Yes
	

	Coolpad
	Not always
	Agree with Sequans on this point

	Qualcomm
	Yes
	

	Sony
	No
	It’s not clear why this should significantly increase power consumption for the relay UE. A single paging message is negligible compared to the overall connection establishment via relay. The monitoring of multiple POs is clearly a much bigger issue in this respect. In addition, if the relay only forwards the relevant paging messages (and not all paging messages) the resource overhead is also negligible compared to the overall procedure. 


[Proposal 11]: RAN2 is asked to agree disadvantage B) and to capture it into TP.  

· 6 companies (agree) vs 3 companies (disagree)
Q12: Any other advantages or disadvantages from option 2?  

	Company
	Other advantage
	Other disadvantage

	Sony
	It is simpler from a NW point of view, because NW can send remote UE paging using the same paging occasions and paging identity regardless of whether UE is in idle mode (on Uu) or linked to a relay. 
	

	Sony
	
	It is more complicated from a UE point of view, since Relay UE needs to perform monitoring of multiple paging occasions. This might impact the measurement performance as well as the power consumption. 

The Relay UE needs to know the UE_ID of the Remote UE in order to calculate the PO-PF of for monitoring paging on behalf of the Remote UE. 

	Huawei
	Transparent to the network
	

	Nokia
	1. Does not require paging mechanisms modifications in RAN and CN

2. No impact to other WGs

3. Does not require knowledge in the network about linkage/association between UEs for the sake of Paging delivery

4. In consequence to above it avoids additional signaling exchange between UE and the network to update association/linkage state of the UEs or any other parameters (temporary ID)

5. Allows for reusing existing NAS mobility procedures like Tracking Area Update
	When used for in coverage it decreases spectral efficiency in the cell.

	Sequans
	Agree with Huawei, at least the NW does not need to be aware of the short range link state
	There is a specification impact to define how the Relay UE is aware of the Remote UE PO.

	ZTE
	
	Relay UE needs to obtain the parameters required for remote UE’s PO/PF calculation, such as UE_ID and UE specific DRX cycle.


[Proposal 12]: There is no further consensus on any other advantages and disadvantages so RAN2 is asked to discuss online if needed.
2.2.3 
Advantages/disadvantages of option 3: 

Unlike option 1, option 3 is applicable for both cases where the remote UE is in E-UTRAN coverage and where it is out of E-UTRAN coverage, so it can work as the common solution to cover in-coverage and out-of-coverage remote UEs. In addition when the remote UE is linked with the L2 relay UE and it is in RRC idle state (according to 4.3, TR36.746), the remote UE does not need to attempt to receive paging message over downlink and it can rely on the reception over short range link. Note the remote UE may anyway need to attempt to receive data over short range link while linked to L2 relay UE. However the network would need to be aware of the association/linkage between the remote UE and the L2 relay UE. The relay UE or the remote UE may inform the network of the association/linkage information. Therefore: 

· Advantages: 

A): It is commonly applicable to both when the remote UE is in E-UTRAN coverage and when the remote UE is out of E-UTRAN coverage.

B): The remote UE does not need to attempt to receive paging message over downlink while the UE is linked to the L2 relay UE (i.e. more power efficient for remote UE).

C): The relay UE doesn’t need to monitor multiple POs (i.e. more power efficient for L2 relay UE compared to option 2)

· Disadvantages: 

A): Need to relay paging over SL (additional delay of paging, additional power consumption for the L2 relay UE, additional resource used over SL)

B): More impacts on the specification 

Q13: For option 3, does the network need to know “associated” or “linked” status or nothing is needed?

	Company
	“associated” or “linked” or nothing ? 
	Additional comment

	Intel
	Linked
	In general, paging messages cannot be sent over sidelink to the remote UE unless they are linked,

With “associated” information only available in the network, the network is not aware of whether the remote UE is linked to the L2 relay UE so paging is relayed or whether the remote UE is not linked to the L2 relay UE so the UE monitors PO in DL. Then if TA (Tracking Area) is different for the remote UE and the L2 relay UE, which TA the network should send a remote UE paging message? Note we don’t have any restriction that the remote UE’s serving cell and the L2 relay UE’s serving cell should be same. Of course, the network may send it to both TAs, but it is not good in the system point of view. It seems this issue is same for both option 2 and option 3.

In option 3, with “associated” information only available in the network, the network is not aware of whether the remote UE is linked to the L2 relay UE so paging is relayed or whether the remote UE is not linked to the L2 relay UE so the UE monitors PO in DL. Then the network is not aware of whether the remote UE’s paging should be sent in the remote UE’s PO or in the L2 relay UE’s PO. Of course, the network may send it to both PO, but it is not good in the system point of view.

However we think it may be possible that the network sends a remote UE’s paging message always based on the associated L2 relay UE (e.g. to L2 relay UE’s TA, or to L2 relay UE’s PO in option 3, etc.). Then once the L2 relay UE receives its associated remote UE’s paging, it may initiate D2D discovery procedure, and connection establishment between the remote UE and relay UE, then sends the paging message to the remote UE. But this option may have some drawbacks: 

· Additional delay for the remote UE to receive relayed paging message, so reception of paging may not be done in time. 

· The remote UE may not be configured to monitor D2D discovery by upper layer, then the discovery procedure may not be successful and as a consequence the paging may not be relayed.

We think with the consideration of the scenario 2 (i.e. OOC remote UE), the network should at least know “associated” otherwise does the network sends remote UE’s paging message to all TAs?

	Nokia
	Linked
	For options 3/4 we understand companies have different solutions in mind, but in our opinion only while using linked state knowledge we can ensure that the paging is delivered properly to the UE regardless whether it is reachable via relay or directly at the particular time.

Association is also not relevant as a single remote UE may be associated to many relay UEs or it may not be associated to any relay UE, but still have a possibility to be linked to some relay UE (but always one at a time obviously). No association case is probably less relevant for wearables, but highly relevant for IoT.

As for the “associated, but also in proximity” “state” as mentioned by Sony, we would like to note that this was discussed during the e-mail discussion summarized in R2-1701083 (Question 2) and majority of the companies did not see the need to introduce it. 

The text in the TR mentioned by Sony should be refined in our opinion as what matters is the connection between remote UE and the network and not between UEs. 

	Huawei
	Linked
	To transmit paging from the relay to the remote, the relay and remote must have short range communication set up and be able to exchange data.   This seems the definition of “linked”.

	Sony
	associated
	Paging messages cannot be sent over sidelink to the remote UE unless they are linked, since this ensures UEs are able to communicate on sidelink and paging can be forwarded. However, it may be possible to trigger a PC5 connection to  respond to paging – this would however imply that UEs are not only associated, but also in proximity. It is not clear which option is best and we would like to hear other views.

Note that in the current TP (similar text exists for scenarios 2 and 3 but I just copy scenario 2 for convenience):

· In Scenario 2, the network can initiate establishing a link between the evolved ProSe Remote UE and the evolved ProSe UE-to-Network Relay UE.  It is FFS if the network needs some “prior knowledge” of the relationship between the evolved ProSe Remote UE and the evolved ProSe UE-to-Network Relay UE.

This implies that remote and relay don’t need to be linked, but the PC5 connection establishment can be triggered when NW attempts to page via relay.

Also the remote UE should be able to reselect/disconnect from the relay and continue with monitoring of paging on Uu without informing the NW.



	Sequans
	Linked/Nothing
	In the common sense, the NW has to be aware of the link status. However there could be a flavor where the NW blindly tries to page the associated Relay UE and only then the Relay UE reply with the link condition, If there is no short range link available, the NE can try paging the remote UE directly.

	ZTE
	Linked
	The eNB should be aware of the link status of remote UE and relay UE so that it could transmit the remote UE’s paging info into on the PO of relay UE. 

	LG
	Linked
	If the network is only aware that a relay UE and a remote UE are associated, it seems not to be enough to perform relaying paging message for remote UE. In specific, while paging message heading to remote UE is transmitted to the associated relay UE, it may receive in its PO. However, the relay UE is not ready to transmit the relayed paging message since the associated status does not assure that they are in proximity or connection is established hence data can be exchanged immediately between the associated relay UE.

For that reasons, the relay UE in associated status initiates performing the D2D discovery procedure to relay the received paging message for remote UE. After the discovery procedure is completed as well as PC5 connection is established, then the associated status will be changed to linked status.

In linked status, the relay UE can forward the received paging message to the linked remote UE. Therefore, in order to reduce such delays (i.e., D2D discovery, PC5 connection establishment), the network is need to be aware of the linked status of relay UE and remote UE. In order to know the linked status, the relay UE should report a list of linked remote UEs (e.g., periodically or event triggered) to the network when a remote UE is newly linked.

	Coolpad
	Linked
	We think for this option, eNB needs to be aware the coordination between remote and relay UE.

	Qulacomm
	Associated
	The minimum requirement for this scheme to work is to let the eNB know that there is a trust relationship between the eRemote and eRelay. The link can be established later when there is a paging for the eRemote. Also, to use this scheme the eRelay UE needs to be sure that the eRemote UE is within the communication proximity. This information also needs to be given to the eNB to enable such a scheme.


[Proposal 13]: RAN2 is asked to agree the network needs to know “linked” status and to capture it into TP. 

· 6 companies (linked) vs 2 companies (associated) vs 1 company (linked/nothing)
Q14: Agree with advantage A)?  

	Company
	Yes or No?
	Additional comment

	Intel
	Yes
	

	Sony
	Yes
	

	Huawei
	Yes
	

	Nokia
	No
	We do not see this as an advantage, see comments to Q4

	Sequans
	Yes
	

	ZTE
	Yes
	

	LG
	Yes
	

	Coolpad
	Yes
	

	Qualcomm
	No
	As same as our answer and comments in Q8


[Proposal 14]: RAN2 is asked to agree the advantage A) and to capture it into TP. 

· 7 companies (agree) vs 2 companies (disagree)

Q15: Agree with advantage B)? 

	Company
	Yes or No?
	Additional comment

	Intel
	Yes
	

	Sony
	Yes
	

	Huawei
	Yes
	

	Nokia
	No
	See our comments for Q5

	Sequans
	Yes
	

	ZTE
	Yes
	

	LG
	Yes
	

	Coolpad
	Yes
	

	Qualcomm
	No
	As same as our answer and comments in Q9


[Proposal 15]: RAN2 is asked to agree the advantage B) and to capture it into TP. 

· 7 companies (agree) vs 2 companies (disagree)

Q16: Agree with advantage C)? 

	Company
	Yes or No?
	Additional comment

	Intel
	Yes
	

	Sony
	Yes
	Power consumption compared to options 1 and 2 is significantly better for the relay UE, because it needs to monitor only its own paging occasion.

	Huawei
	Yes
	

	Nokia
	Yes
	Power consumption for relay will in general be smaller than in option 2, but actually higher than in option 1, where relay is not involved in remote UE’s paging message reception and relaying.

	Sequans
	Yes
	

	ZTE
	Yes
	

	LG
	Yes
	

	Coolpad
	Yes
	

	Qualcomm
	Yes
	


[Proposal 16]: RAN2 is asked to agree the advantage C) and to capture it into TP. 

· 9 companies (agree)

Q17: Agree with disadvantage A)? 

	Company
	Yes or No?
	Additional comment

	Intel
	Yes
	

	Huawei
	Yes
	1. Relay UE has to monitor remote UE’s paging information and forward paging for remote UE. (i.e. more power consumption for relay UE)

2. Additional delay for remote UE receiving paging.

	Nokia
	Yes
	When used for in coverage it decreases spectral efficiency in the cell.

	Sequans
	Yes
	The  requirement for linkage status knowledge that makes this option power and signaling inefficient since any change in linkage status needs to be reported to the NW.

	ZTE
	Yes
	

	LG
	Yes
	The network need to be aware that relay UE and remote UE are linked before performing the paging procedure for the remote UE. In order to that additional signaling from the relay UE is necessary to notify which remote UE is linked.

	Coolpad
	Yes
	

	Qualcomm
	Yes
	

	Sony
	No
	It’s not clear why this should significantly increase power consumption for the relay UE. A single paging message is negligible compared to the overall connection establishment via relay. The monitoring of multiple POs is clearly a much bigger issue in this respect. In addition, if the relay only forwards the relevant paging messages (and not all paging messages) the resource overhead is also negligible compared to the overall procedure.

The NW needs to be informed only when UE connects to a relay and not when linkage status changes, as long as remote UE will monitor Uu paging occasions according to the relay PO.


[Proposal 17]: RAN2 is asked to agree the disadvantage A) and to capture it into TP. 

· 8 companies (agree) vs 1 company (disagree)
Q18: Agree with disadvantage B)? 

	Company
	Yes or No?
	Additional comment

	Intel
	Yes
	

	Sony
	Yes
	Need to define how to share the relevant ID between Relay, remote and eNB (and associated paging identity and PO calculations)

	Nokia
	Yes
	

	Sequans
	No
	Not sure to understand the disadvantage. More then what? Due to what? 

	ZTE
	Yes
	

	LG
	Yes
	

	Coolpad
	Yes
	Compared with Option 2 in network aspects

	Qualcomm
	Yes
	

	Sony
	No
	More impact than option 2, however option 1 requires to define a way to perform monitoring of both Uu and sidelink so this looks like a more complicated solution. 


[Proposal 18]: RAN2 is asked to agree the disadvantage B) and to capture it into TP. 

· 7 companies (agree) vs 2 companies (disagree)
Q19: Any other advantages or disadvantages from option 3?  

	Company
	Other advantage
	Other disadvantage

	Nokia
	
	If linked state is used as the network prior knowledge then additional signaling overhead is introduced. Linkage state can be changing quite often in some cases.

When associated state or temporary ID is used then signaling takes place less often, but some problems arise:

· This solution cannot be used when there is no association between UEs, which cannot always be assumed. 

· Whenever relay is reselected the network needs to be informed and the paging occasions and temporary ID need to be recalculated. 

Also, there is an impact on other WGs (at least SA2/CT1)

	Qualcomm
	
	To best way to convince the eNB that there is an ongoing trust relationship between eRelay and eRemote is to have data relayed over user plane for eRemote UE by eRelay. But to trigger the user plane data flow, a paging message needs to reach the eRemote UE in the first place. So, there is a “chicken and egg” problem in this option. So it cannot be used to replace Option 2 in all the scenarios.

The applicability of such a scheme is also depending on whether the eRemote UE is within the proximity of the eRelay. Such information has to be communication to the eNB very frequently to activate/deactive such a scheme, thereby adding extra signaling overhead in Uu interface.

	Sony
	No need to inform NW when UE moves from Relay to Uu camping. Same paging can be used from NW point of view. 
	


[Proposal 19]: There is no further consensus on any other advantages and disadvantages so RAN2 is asked to discuss online if needed.
2.2.4 
Advantages/disadvantages of option 4: 

Option 4 is similar to option 3. The difference is in 3 it is the paging occasion of the relay UE, in 4 it is a time aligned paging occasion determined for both L2 relay UE and remote UE. Note we will not discuss DRX over SL aspects here. 

· Advantages: 

A): It is commonly applicable both when the remote UE is in E-UTRAN coverage and when the remote UE is out of E-UTRAN coverage.

B): The remote UE does not need to attempt to receive paging message over downlink while the UE is linked to the L2 relay UE (i.e. more power efficient).

· Disadvantages: 

A): Need to relay paging over SL (additional delay of paging, additional power consumption for the L2 relay UE, additional resource used over SL)

B): More impacts on the specification (e.g. to define time aligned paging occasion for both L2 relay UE and remote UE)

Q20: For option 4, does the network need to know “associated” or “linked” status or nothing is needed?

	Company
	“associated” or “linked” or nothing ? 
	Additional comment

	Intel
	Linked
	In general, paging messages cannot be sent over sidelink to the remote UE unless they are linked,

With “associated” information only available in the network, the network is not aware of whether the remote UE is linked to the L2 relay UE so paging is relayed or whether the remote UE is not linked to the L2 relay UE so the UE monitors PO in DL. Then if TA (Tracking Area) is different for the remote UE and the L2 relay UE, which TA the network should send a remote UE paging message? Note we don’t have any restriction that the remote UE’s serving cell and the L2 relay UE’s serving cell should be same. Of course, the network may send it to both TAs, but it is not good in the system point of view. It seems this issue is same for both option 2 and option 3.

In option 4, with “associated” information only available in the network, the network is not aware of whether the remote UE is linked to the L2 relay UE so paging is relayed or whether the remote UE is not linked to the L2 relay UE so the UE monitors PO in DL. Then the network is not aware of whether the remote UE’s paging should be sent in the remote UE’s PO or in the time aligned PO. Of course, the network may send it to both PO, but it is not good in the system point of view.

However we think it may be possible that the network sends a remote UE’s paging message always based on the associated L2 relay UE (e.g. to L2 relay UE’s TA, or to time aligned PO in option 3, etc.). Then once the L2 relay UE receives its associated remote UE’s paging, it may initiate D2D discovery procedure, and connection establishment between the remote UE and relay UE, then sends the paging message to the remote UE. But this option may have some drawbacks: 

· Additional delay for the remote UE to receive relayed paging message, so reception of paging may not be done in time. 

· The remote UE may not be configured to monitor D2D discovery by upper layer, then the discovery procedure may not be successful and as a consequence the paging may not be relayed.

We think with the consideration of the scenario 2 (i.e. OOC remote UE), the network should at least know “associated” otherwise does the network sends remote UE’s paging message to all TAs?

	Nokia
	Linked
	For options 3/4 we understand companies have different solutions in mind, but in our opinion only while using linked state knowledge we can ensure that the paging is delivered properly to the UE regardless whether it is reachable via relay or directly at the particular time.

Association is also not relevant as a single remote UE may be associated to many relay UEs or it may not be associated to any relay UE, but still have a possibility to be linked to some relay UE (but always one at a time obviously). No association case is probably less relevant for wearables, but highly relevant for IoT.

As for the “associated, but also in proximity” “state” as mentioned by Sony, we would like to note that this was discussed during the e-mail discussion summarized in R2-1701083 (Question 2) and majority of the companies did not see the need to introduce it. 

The text in the TR mentioned by Sony should be refined in our opinion as what matters is the connection between remote UE and the network and not between UEs. 

	Huawei
	Linked
	To transmit paging from the relay to the remote, the relay and remote must have short range communication set up and be able to exchange data.   This seems the definition of “linked”.

	Sony
	associated
	Paging messages cannot be sent over sidelink to the remote UE unless they are linked, therefore this may be the best condition to use, since this ensures UEs are able to communicate on sidelink and paging can be forwarded. However, it may be possible to trigger a PC5 connection to respond to paging – this would however imply that UEs are not only associated, but also in proximity. It is not clear which option is best and we would like to hear other views.

Note that in the current TP (similar text exists for scenarios 2 and 3 but I just copy scenario 2 for convenience):

· In Scenario 2, the network can initiate establishing a link between the evolved ProSe Remote UE and the evolved ProSe UE-to-Network Relay UE.  It is FFS if the network needs some “prior knowledge” of the relationship between the evolved ProSe Remote UE and the evolved ProSe UE-to-Network Relay UE.

This implies that remote and relay don’t need to be linked, but the PC5 connection establishment can be triggered when NW attempts to page via relay.

Also the remote UE should be able to reselect/disconnect from the relay and continue with monitoring of paging on Uu without informing the NW.



	Sequans
	Association
	The question is what the NW needs to know.

The association status is required since only associated UEs would be aligned

Link status knowledge is not required since the NW behavior does not change according to it. The “remote UE PO” and the time aligned PO is the same PO.

WRT to the TA issue raised by intel, perhaps we should verify with SA2 that associated UEs are also in the same TA. On TA change the UEs would anyway need to register into the TA again and they could also register the association again.

	ZTE
	Linked
	The eNB should be aware of the link status of remote UE and relay UE so that it could transmit the remote UE’s paging info into on the time aligned paging occasion determined for both L2 relay UE and remote UE.

	LG
	Linked
	If the network is only aware that a relay UE and a remote UE are associated, it seems not to be enough to perform relaying paging message for remote UE. In specific, while paging message heading to remote UE is transmitted to the associated relay UE, it may receive in its PO. However, the relay UE is not ready to transmit the relayed paging message since the associated status does not assure that they are in proximity or connection is established hence data can be exchanged immediately between the associated relay UE.

For that reasons, the relay UE in associated status initiates performing the D2D discovery procedure to relay the received paging message for remote UE. After the discovery procedure is completed as well as PC5 connection is established, then the associated status will be changed to linked status.

In linked status, the relay UE can forward the received paging message to the linked remote UE. Therefore, in order to reduce such delays (i.e., D2D discovery, PC5 connection establishment), the network is need to be aware of the linked status of relay UE and remote UE. In order to know the linked status, the relay UE should report a list of linked remote UEs (e.g., periodically or event triggered) to the network when a remote UE is newly linked.

Through the knowledge of linked status, the network can perform the time aligned paging operation for relay and remote UE.

	Coolpad
	Linked?
	Perhaps simiar to option 3 in the sense that eNB needs to be aware of the coordination between remote UE and relay UE.  However, this solution is not very clear due to lack of DRX discussion.  We propose to focus on option 1,2,3 firstly.

	Qualcomm
	Associated
	Similar to Option 3.


[Proposal 20]: RAN2 is asked to agree the network needs to know “linked” status and to capture it into TP. 

· 6 companies (linked) vs 3 companies (associated)
Q21: Agree with advantage A)?  

	Company
	Yes or No?
	Additional comment

	Intel
	Yes
	

	Sequans
	Yes
	

	ZTE
	Yes
	

	LG
	Yes
	

	Coolpad
	Yes
	

	Qualcomm
	No
	Similar to our comments and answer in Q8

	Sony
	Yes
	


[Proposal 21]: RAN2 is asked to agree the advantage A) and to capture it into TP. 

· 6 companies (agree) vs 1 company (disagree)

Q22: Agree with advantage B)? 

	Company
	Yes or No?
	Additional comment

	Intel
	Yes
	

	Sequans
	Yes
	

	ZTE
	Yes
	

	LG
	Yes
	

	Coolpad
	Yes
	

	Qualcomm
	No
	Similar to our comments and answer in Q9

	Sony
	Yes
	


[Proposal 22]: RAN2 is asked to agree the advantage B) and to capture it into TP. 

· 6 companies (agree) vs 1 company (disagree)
Q23: Agree with disadvantage A)? 

	Company
	Yes or No?
	Additional comment

	Intel
	Yes
	

	Sequans
	Not always
	Same as  Q3

	ZTE
	Yes
	

	LG
	Yes
	

	Coolpad
	Not always
	Same as Q3

	Qualcomm 
	Yes
	

	
Sony
	No
	It’s not clear why this should significantly increase power consumption for the relay UE. A single paging message is negligible compared to the overall connection establishment via relay. The monitoring of multiple POs is clearly a much bigger issue in this respect. In addition, if the relay only forwards the relevant paging messages (and not all paging messages) the resource overhead is also negligible compared to the overall procedure.

The NW needs to be informed only when UE connects to a relay and not when linkage status changes, because remote UE will monitor Uu paging occasions according to the same PO.


[Proposal 23]: There is no clear majority companies’ view, so RAN2 is asked to further discuss online. 

· 4 companies (agree) vs 3 companies (disagree)
Q24: Agree with disadvantage B)? 

	Company
	Yes or No?
	Additional comment

	Intel
	Yes
	

	Sequans
	Yes
	

	ZTE
	Yes
	

	LG
	Yes
	

	Coolpad
	Yes
	

	Qualcomm
	Yes
	

	Sony
	Yes
	Compared to option 3 this looks to have more impact, because paging occasions may need to be modified for multiple remote UEs when a new remote UE becomes part of the “group” being monitored by the relay. Whereas in option 3 the remote UE adapts to the relay. 


[Proposal 24]: RAN2 is asked to agree the disadvantage B) and to capture it into TP. 

· 7 companies (agree)
Q25: Any other advantages or disadvantages from option 4?  

	Company
	Other advantage
	Other disadvantage

	Sequans
	The delay of paging over short range link is optimized. 

I am not sure why this advantage was removed. Regardless to sidelink DRX, both UEs are awake at the same time and therefore could immediately communicate 
	

	Sequans
	Similar to option 3. Power consumption of the Relay UE does not scale up with the number of supported Remote UEs, since all are aligned to the relay UE PO. 
	

	Sequans
	Assuming the association is changing very slowly, then similar to option 2, option 4 is transparent to the NW. the NW keeps paging on the same occasions regardless to the link status


	

	Sequans
	Without getting into the details of the DRX mechanism. The sidelink DRX cycle for the remote UE could be similar to the IDRX cycle of the remote UE however, in order to maintain the same delay requirements in options 2 or option 3 the sidelink DRX of the remote UE would have to be no more than the half of the IDRX cycle of the remote UE. This was explained in further details in R2-1701648§2.2.3. It is also derived from advantage above about the reduced delay on relay paging. ultimately it is translated into better power consumption for the remote UE.


	

	Sony
	
	This option is more or less the same as option 3, the only difference being that both relay and remote UE may need to adjust paging occasions, and that may be complicated in comparison to option 3. However this option is better than 1 or 2 due to significantly power consumption performance so is more suited to the requirements. 


[Proposal 25]: There is no further consensus on any other advantages and disadvantages so RAN2 is asked to discuss online if needed.  

3      Conclusions

As the result of the email discussion, the following proposals are suggested on paging solutions: 
1) From [Proposal 1]: RAN2 is asked to agree the TP in section 2.1 as baseline to capture paging solutions.

2) From [Proposal 3, 4, 5]: RAN2 is asked to capture the following descriptions to the option 1. 

- Advantages: 
> The L2 relay UE does not need to relay remote UE’s paging over short range link (no additional delay, no additional power consumption for L2 relay UE, no additional use of SL resource).
- Disadvantages:
> It is not applicable when a remote UE is out of E-UTRAN coverage.
> The remote UE needs to attempt paging reception over DL in addition to the reception of data over short range link while linked to L2 relay UE (less power efficient for the remote UE).
3) From [Proposal 8, 9, 10, 11]: RAN2 is asked to capture the following descriptions to the option 2. 
 - Advantages: 

> It is commonly applicable to both when the remote UE is in and out of E-UTRAN coverage. 

> The remote UE does not need to attempt paging reception over DL while linked to L2 relay UE (more power efficient for the remote UE).

- Disadvantages: 

> The L2 relay UE needs to monitor multiple POs (less power efficient for the L2 relay UE).
> The L2 relay UE needs to relay remote UE’s paging over short range link (additional delay, additional power consumption for L2 relay UE, additional use of SL resource).

4) From [Proposal 13, 14, 15, 16, 17, 18]: RAN2 is asked to capture the following descriptions to the option 3. 

 - The network needs to know “linked” status between the L2 relay UE and remote UE.
 - Advantages: 

> It is commonly applicable to both when the remote UE is in and out of E-UTRAN coverage. 

> The remote UE does not need to attempt paging reception over DL while linked to L2 relay UE (more power efficient for the remote UE).

> The L2 relay UE does not need to monitor multiple POs (more power efficient for the L2 relay UE compared to the option 2).
- Disadvantages: 

> The L2 relay UE needs to relay remote UE’s paging over short range link (additional delay, additional power consumption for L2 relay UE, additional use of SL resource).


> More impacts on the specification. 
5) From [Proposal 20, 21, 22, 24]: RAN2 is asked to capture the following descriptions to the option 4.
- The network needs to know “linked” status between the L2 relay UE and remote UE.

- Advantages: 

> It is commonly applicable to both when the remote UE is in and out of E-UTRAN coverage. 

> The remote UE does not need to attempt paging reception over DL while linked to L2 relay UE (more power efficient for the remote UE).

- Disadvantages: 


> More impacts on the specification. 

6) RAN2 is asked to discuss further online at least for the following issues: 

 - Whether the network needs to know “associated”, “linked” or nothing for the option 2?
 - Whether the following advantage/disadvantage is also applicable to the option 4?  

> The L2 relay UE does not need to monitor multiple POs (more power efficient for the L2 relay UE compared to the option 2).

> The L2 relay UE needs to relay remote UE’s paging over short range link (additional delay, additional power consumption for L2 relay UE, additional use of SL resource).
4      Reference
[1] R2-1701303
Paging for remote UE
Intel Corporation

[2] R2-1701084
Paging and idle mode procedures of remote UE
Nokia

[3] R2-1701648 
Power efficient relay discovery maintenance and establishment 
Sequans
I think this relates to the next question





BM: Correct





Remote UE
L2 Relay UE
eNB
MME
S1AP Paging
Paging for Remote UE
Paging over short range link
Paging occasion for remote UE
Paging occasion for L2 relay UE
Paging occasion for remote UE
Paging occasion for L2 relay UE



Remote UE
L2 Relay UE
eNB
MME
S1AP Paging
Paging for Remote UE
Paging over short range link
Paging occasion for L2 relay UE
Paging occasion for L2 relay UE



Remote UE
L2 Relay UE
eNB
MME
S1AP Paging
Paging for Remote UE
Paging over short range link
Time aligned paging occasion between L2 relay UE and remote UE
Time aligned paging occasion between L2 relay UE and remote UE



Remote UE
L2 Relay UE
eNB
MME
S1AP Paging
Paging for Remote UE
Paging occasion
Paging occasion



