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1   Introduction
Enhanced LTE Device to Device Proximity service WI [1] was agreed to during RAN#66. One of the objectives agreed to was

3) Enhance D2D discovery support in the presence of multiple carriers and PLMNs:

a) Allow D2D transmissions in a non-serving carrier and/or secondary cell belonging to the same and possibly different PLMN as the serving cell [RAN2, RAN1, RAN3, RAN4].
There are several scenarios in the presence of multiple carriers and PLMNs, according to different varieties of the factor, as shown in the table. 
	Factor
	PLMN type
(Intra-PLMN/ Inter-PLMN)
	UE Mode

(Idle mode/ RRC connected mode)
	D2D transmissions carrier

non-serving carrier/ secondary cell (CA)
	eNB
(Intra-eNB/ Inter-eNB)
	Carrier

(Intra-carrier/ Inter-carrier)



Table 1 Factors of scenario in the presence of multiple carriers and PLMNs
And in RAN2#89bis meeting, RAN2 had achieved agreement on both Intra-PLMN scenario and Inter-PLMN scenario. In this contribution we analyze the RAN3 impact for the intra-PLMN scenarios based on the agreement. And the impact for the inter-PLMN scenarios is discussed in the contribution [2].
2   Discussion 
2.1   Scenarios
Normally, the UEs that want to participate in discovery tend to camp on/connected to the carrier provided Prose service. Hence, it is likely that a large number of UEs which are interested in discovery concentrate a single carrier allowed for Direct Discovery transmissions. Then allowing D2D transmissions in a non-serving carrier and/or secondary cell can achieve load balancing of UEs on more than one carrier. According to table 1, the following figures summarize the above intra-PLMN scenarios:
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Figure 1 Scenarios: Inter-carrier, intra-eNB                            Figure 2 Scenarios: Inter-carrier, inter-eNB
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Figure 3 Scenarios: Inter-carrier, inter-eNB, Hetnet

Observation 1 Allowing D2D transmissions in a non-serving carrier and/or secondary cell can achieve load balancing of UEs on more than one carrier.
Then in the following section, how to realize the enhancement is analysed:
2.2   Acquisition of ProSe resource configuration 

· RAN2 Progress

In RAN2#89bis meeting, RAN2 has achieved the following agreement on Intra-PLMN scenario [3]:
	Intra-PLMN scenario: The option to configure a UE via RRC signalling to transmit discovery in another carrier can be allowed.  The RRC signalling can be used to configure either Type 1 or Type 2 discovery configuration for non-primary carrier. 


According to the agreement, it means Network Assisted Approach for both type 1 and type2 discovery is allowed, rather than only supporting type1 discovery. Moreover, which carrier can be allowed for the UE to transmit the discovery message is designated by the serving eNB.
There are the following benefits:
1) This can benefit the case that multiple carriers are available and multiple discovery transmission is required, the eNB can make decision on the distribution of discovery transmission on carrier(s). 
2) Additionally, this can avoid the power consumption of reading the SIB of non-serving cells one by one.
3)  Since the TX resource configuration is known by the eNB, it can avoid scheduling collision when scheduling the UE on Uu.

Observation 2 Allowing for both type 1 and type2 discovery by Network Assisted Approach can bring benefit for improving efficiency of resource utilisation and reducing power consumption.
Based on the agreement, there are still two approaches for UE to obtain the resources for direct discovery announcements in non-serving carrier or Scell:

· Approach 1: Serving cell/Pcell broadcasts the common TX resources for other carriers in SIB 19. And UE acquires the common TX resources of the Scell or non-serving carrier from the system information of the Serving cell. Then the UE can utilise the TX resources to transmit direct discovery announcements on the Scell or non-serving carrier.

·  Approach 2: UE triggers discovery resource request to Pcell with the information of the Scell/non-serving carrier where it wants to transmit discovery message. Then the Pcell indicates the TX resources for other carriers in dedicated RRC signalling to response the UE. After receiving TX resources, the UE can transmit direct discovery announcements on the Scell or non-serving carrier by the TX resources.
· Analysis of RAN3 Impact

Currently, there are Hetnet deployments (and there will be more) to improve the throughput and system capability of network, as shown in figure3. In this scenario, to take the best advantage of small eNBs with minimized mobility signalling and HO failure, network is inclined to make the UEs which are in low-speed mobility and with high volume of traffic connected to small cells, with other UEs connected to macro cells. Hence, it is a common case that a UE connected to a cell controlled by a macro eNB, e.g.eNB1 in figure 3, transmits direct discovery announcements on another cell controlled by a small eNB, e.g. eNB3 in figure 3.
Observation 3 it is a common case that a non-serving carrier belonging to a different eNB than the serving cell.

Then there is a question in the inter-eNB case, where the Serving cell/Pcell of the UE and the non-serving cell on other carriers where the UE wants to transmit direct discovery belong to different eNBs. The question is how the serving eNB achieve the ProSe discovery transmission resources of the eNB controlling non-serving carrier, which is obviously within the scope of RAN3.

 For alternative1, since the common TX resources broadcasted in the system information are relative static, it can be co-ordinated by OAM configuration. But for alternative 2, the dedicated resources, which are dynamically allocated. As shown in the table [4], the scheduled period range is from 320ms to 10240ms. It is not feasible to meet the frequency requirement of discovery resource scheduling by OAM configuration. Meanwhile, as the default delay of X2 interface is 20ms, the scheduling frequency is not too dynamic to bear time tolerance. Therefore, it is necessary and feasible for the serving eNB to acquire the type 2 discovery TX resource from the neighbour eNB which controlling the non-serving carrier through X2 interface.
Observation 4 it is not feasible to meet the frequency requirement of dedicated discovery resource scheduling by OAM configuration. And the scheduling frequency is not too dynamic to bear time tolerance arisen from X2 delay.

Additionally, when the serving eNB and the concerned non-serving eNB are deployed in an asynchronous manner, there is synchronization issue between the two eNB during the dedicated discovery resource exchange through X2 interface. How to ensure the UE know the correct timing of the scheduled resource from the non-serving cell. Actually, the UE can acquire the timing information by reading the PSCH/SSCH/PBCH of the non-serving carrier. And as the specification of the common discovery TX resource from the neighbour cell, the timing reference of discovery TX resource from the non-serving carrier can based on the timing of the cell on the non-serving carrier. Hence, there is no synchronization issue between the two eNB.
Observation 5 there is no synchronization issue between the serving eNB and non-serving eNB.

The specific flow can be shown in the following figure:
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Figure 4 type2 discovery enhancement flow in the Scenarios: Inter-carrier, inter-eNB
As shown in the figure 4, among all the steps, step3 and step 5 indicate the procedure of the serving eNB to acquire the type 2 discovery TX resource from the neighbour eNB which is controlling the non-serving carrier. Actually, this can be realized by X2 interface or S1 interface.
Proposal1 it is preferred to enable the serving eNB to acquire the type 2 discovery TX resources from the neighbour eNB of the non-serving carrier by X2 interface or S1 interface.
3   Conclusion / Proposals
Observation 1 Allowing D2D transmissions in a non-serving carrier and/or secondary cell can achieve load balancing of UEs on more than one carrier.
Observation 2 Allowing for both type 1 and type2 discovery by Network Assisted Approach can bring significant benefit for satisfied performance of discovery transmission.
Observation 3 it is common case that non-serving carrier belonging to the different eNB as the serving cell.

Observation 4 it is not feasible to meet the frequency requirement of discovery resource scheduling by OAM configuration. And the scheduling frequency is not too dynamic to bear time tolerance arisen from X2 delay.

Observation 5 there is no synchronization issue between the serving eNB and non-serving eNB.

Proposal1 it is preferred to enable the serving eNB to acquire the type 2 discovery TX resources from the neighbour eNB of the non-serving carrier by X2 interface or S1 interface.
4   References
[1] 3GPP, RP-150441, “Revised WI: Enhanced LTE Device to Device Proximity Services”.
[2] R3-151079
RAN3 Impact of D2D Discovery Enhancement for inter-PLMN
Huawei 
[3] 3GPP, Report of RAN2#89bis, 2015
[4] 3GPP, TS 36.331[image: image5.png]


















































































































































































































































































































3GPP


_1492601113.vsd
eNB1



_1492862665.vsd
eNB1



_1493022539.vsd
eNB1



_1492600690.vsd
eNB1



