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1 Introduction
In RAN2#89bis meeting, RAN2 has discussed the intra-PLMN & inter-PLMN scenario in the inter-frequency discovery. When UE is not limited to transmit direct discovery announcements in the PCell, RAN2 needs to consider more factors which may create additional impacts. For example, UE may transmit discovery announcements of public safety service and non-public safety service in ProSe carrier and non-ProSe carrier respectively, if the ProSe carrier only supports public safety service. In this condition, UEs which has only one Tx chain may need to switch between two carriers to transmit discovery announcements. However, this may create autonomous gap in the time domain. Moreover, RAN2 should also discuss the scenario that network provides more than one candidate Tx carrier for UE to select when discovery resources pools are configured among multiple cells. In this condition, network may provide supporting information to help UE select the target carrier. In the following discussion, we will provide more details to each topic.  
2 Discussion   
In RAN2#89bis meeting, RAN2 started the discussion of inter-frequency discovery. At this stage, RAN2 still needs detail discussions about how to implement inter-frequency discovery and additional factors which need to be considered. Here, we will provide three factors: 1) service type, 2) UE capabilities, and 3) cellular network, and their impacts to inter-frequency discovery. 
Service Type  
As shown in Fig. 1, UE has two authorized discovery services: S1 and S2, which S1 is Public Safety (PS) discovery service and S2 is non-PS discovery service. In the air link, UE needs to transmit discovery announcement, D1 and D2, for S1 and S2 respectively. In lower layers, UE has two configured carriers {F1, F2}. F1 is ProSe carrier, which is dedicated to public safety, and F2 is an non-PS carrier. Based on our assumption, UE can only to announce D1 in F1 and announce D2 in F2 respectively.    
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Fig. 1 ProSe carrier (F1) only supports PS discovery and non-PS service can only be announced in F2
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Fig. 2 PC5-D interface 
To achieve the discovery announcements transmission in {F1, F2}, ProSe protocol needs to decide how to map the discovery announcements to the suitable carrier. Here, ProSe Protocol delivers D1 to the MAC entity of F1 and D2 to the MAC entity of F2. So, ProSe Protocol needs to distinguish service types and also UE’s carrier configuration in the air links. To achieve this, the MAC entity needs to forward the Tx carrier configuration {F1, F2} and carrier type (ProSe carrier, non-PS carrier) to the ProSe protocol. However, this approach would create standard impact to MAC entity. So, it is suggested that RAN2 should discuss whether service type (PS service & non-PS service) would affect the PC5-D interface when inter-frequency discovery is considered in Rel.13. 
Proposal 1: RAN2 needs to discuss the impact of service type (PS service & non-PS service) to PC5-D interface when inter-frequency discovery is supported. 
UE capabilities 
   In the last case shown in Fig. 1, UE may have multiple Tx chains to achieve the discovery announcements. However, it is possible that UE only has one Tx chain. In this situation, UE may separate the announcements of {D1, D2} in time domain. However, this approach may influence the existing discovery announcements because UE needs to transmit discovery announcement in every discovery period. Now, UE may skip some discovery periods in one configured carrier when it needs to announce direct discovery in another carrier, which may cause autonomous gap. To enable UE which has only one Tx chain to implement inter-frequency discovery, RAN2 needs to discuss whether UE can separate inter-frequency discovery announcement in time domain.  
Proposal 2: RAN2 needs to discuss the impact of UE capabilities (Only one Tx chain) to inter-frequency discovery.
Cellular Network 
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Fig. 3 Cellular network may configure discovery resources among multiple carriers
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Fig. 4 UE may be configured with multiple carriers & resource blocks for direct discovery
In Fig. 3, we provide a scenario which eNB configures more than one carrier to UE. We assume eNB is operating on F1 and multiple small cells are operating on F2. Discovery resources are allocated in both {F1, F2}. For network flexibility, it is possible that UEs are configured both {F1, F2} for discovery announcement, as shown in Fig. 4. In Fig. 4, we assume that UE has two non-PS services and it is configured with two Tx carriers, {F1, F2}. eNB can configure dedicated resource blocks (Type 2) or resource pools (Type 1) in each Tx carrier. However, it would be UE’s implementation to decide which discovery announcement is delivered on which resource block in {F1, F2}.  By doing so, eNB obtains flexibility to configure radio resource among multiple carriers. However, it may create additional power consumption to UE because UE may apply more than one Tx chain for direct discovery.  
Observation 1: It may be UE’s implementation to decide which carrier/resource blocks is selected for which discovery announcements. 
In Fig. 3, cellular network may also provide supporting information for UE to select a Tx carrier when there is more than one available Tx carrier. Here, we assume Type 1 resource allocation in allocated in F1 and F2. Network may prefer UEs to transmit discovery announcements in F1 unless the congestion level of resource pool in F1 is severe. So, network may configure F1 the 1st priority carrier and F2 as the 2nd priority carrier in the carrier list, as shown in Fig. 5. Then, eNB would deliver the carrier list with the carrier priority information to UEs. By following the given carrier priority information in the Tx carrier list, UE would select one Tx carrier after detecting the channel condition, such as the loading of discovery resource, from high priority carrier to low priority carrier. Based on this rule, UE would select F1 as the Tx carrier if the loading of discovery resource in F1 is low. Otherwise, UE may select F2 as the Tx carrier.  

[image: image4.emf]F1 S1

S2 F2

PLMN1

1

st

 priority 

2

nd

 priority 

UE

D1

D2


Fig. 5 Network may also provide priority information for UE to select Tx carrier
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Fig.6 UE can turn to other available candidate carrier when the infrastructure in high priority carrier is absent 
In the inter-PLMN discovery scenario, the network-provided supporting information may also improve Tx carrier selection when UE can’t find the infrastructure. Network can provide intra-PLMN/inter-PLMN Tx carrier list with priority information. Then, UE can turn to find out other available carrier if it can’t detect infrastructure in the high priority carrier, as shown in Fig. 6.  
Observation 2: eNB may provide assisting information for UE to decide Tx carrier among multiple carriers. 
Proposal 3: RAN2 needs to consider network providing supporting information for UE to select Tx carrier. 

3 Conclusion 
   In this contribution, we have discussed that 1) service type, 2) UE capabilities, and 3) cellular network would affect the carrier configuration in inter-frequency discovery. We proposed RAN2 to discuss the impacts of service type and UE capabilities to inter-frequency discovery:

Proposal 1: RAN2 needs to discuss the impact of service type (PS service & non-PS service) to PC5-D interface when inter-frequency discovery is supported.  
Proposal 2: RAN2 needs to discuss the impact of UE capabilities (Only one Tx chain) to inter-frequency discovery. 
Then, based on our observations about Tx carrier selection: 

Observation 1: It may be UE’s implementation to decide which carrier/resource blocks is selected for which discovery announcements. 

Observation 2: eNB may provide assisting information for UE to decide Tx carrier among multiple carriers. 

We suggest RAN2 to consider that network providing support information for inter-frequency carrier configuration.  
Proposal 3: RAN2 needs to consider network providing supporting information for UE to select Tx carrier.  
References
[1] RP-142311, “Work Item Proposal for Enhanced LTE Device to Device Proximity Services”  

[2] RAN2#89bis meeting chairman’s note 
[3] 3GPP TS 36.300 “Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN); Overall description; Stage 2” v12.5.0, 2015 March 

[image: image6.png]


[image: image7.png]



� EMBED Visio.Drawing.15  ���








PAGE  
1/4

[image: image8.emf]UE

F1 S1

S2 F2

              PLMN1

               PLMN2  

 

ProSe Carrier 

for public safety

Cellular network

for commercial 

D1

D2

F1
S1
S2
F2
PLMN1
1st priority
2nd priority
UE
D1
D2



F1
S1
F2
PLMN1
(no infrastructure)
1st priority
2nd priority
PLMN2
UE
D1
F3
3rd priority



UE
F1
S1
S2
F2
PLMN1
PLMN2
ProSe Carrier  for public safety
Cellular network
for commercial
D1
D2



eNB; F1
C1;F2
C2;F2
C3;F2



F1
S1
S2
UE
F2
PLMN1
PCell
D1
D2



