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1   Introduction
There are still some open issues regarding Mode 1 resource allocation that need to be clarified. For example, according to the incoming LS from RAN1 [1], D2D-RNTI should be allocated to a UE to receive grants for Mode 1 ProSe communication and RAN1 asks RAN2 to decide on how D2D-RNTI allocation is done. 
In this paper, we further look at Mode 1 resource allocation for ProSe communication and try to address the following issues:
1) When should the D2D-RNTI be allocated?
2) If Mode 1 resource configuration failure happens, how should the eNB notify the UE?
3) How should the ProSe BSR be designed?
4) What is the characteristic of D2D grant and the impact on the ProSe transmission?
2   Discussion
Procedure for Mode 1 resource configuration and allocation
In this section, we discuss the typical procedure for Mode1 resource configuration and allocation. According to RAN2#86 decisions [2], before the eNB configures the resource mode for a specific UE, the eNB should be aware of UE’s ProSe transmission intention. The ProSe UE needs to indicate to the eNB that it wants to perform ProSe communication transmission. The UEAssistanceInformation message and the RRCConnectionReconfiguration message could carry the transmission intention and the dedicated Mode Configuration parameters respectively. Then the UE sends a ProSe BSR based on which the eNB can determine the required amount of resources and then the eNB allocates the Mode 1 resource. Based on these principles, the corresponding signalling flow for Mode 1 resource configuration and allocation is presented in Figure 1.
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Figure 1. Signalling procedure for Mode 1 resource configuration and allocation
1. The UE sends the UEAssistanceInformation to the eNB. The UEAssistanceInformation message may include the following fields:
· ProSe TX interest indication: indicates that the UE wants to perform ProSe communication transmission. The ProSe RX interest indication may be also included in this message if the UE also wants to perform ProSe communication reception.
· List of ProSe group IDs and the corresponding ProSe group index: the configuration of the groups the UE belongs to and the corresponding group IDs is provided by higher layers. The eNB could be informed of the group IDs and the mapping between group ID and group index only when the UE reports to the eNB. The UEAssistanceInformation message could be reused for this reporting. 
· Priority of ProSe groups: In order to assist the scheduling decision of the eNB, it is better to keep the eNB informed of the relative priorities of different ProSe groups. As mentioned before, the eNB is not aware of the ProSe group relevant information unless the UE reports to eNB. Therefore, it is recommended that the UE reports the priority of the relevant ProSe groups to the eNB as well. 
Proposal 1: The UEAssistanceInformation message shall contain the list of ProSe group IDs, the corresponding ProSe group indices and the priority of ProSe groups, together with the ProSe TX interest indication. 
2.  Upon receiving the UEAssistanceInformation, the eNB performs the authorization validation and admission control. If the UE is authorized for ProSe communication and Mode 1 resources are available for ProSe communication, the eNB sends the RRCConnectionReconfiguration message including the Mode 1 resource configuration to the UE. The Mode 1 resource configuration may include the following fields: 
· D2D-RNTI: D2D-RNTI is allocated to the UE to receive D2D grants for Mode 1 transmission resource. Since the length of existing RNTI is 16 bits which may accommodate 65536 different RNTI values, we suggest reusing the existing RNTI values set instead of designing a new specific set for D2D-RNTI. In other words, the eNB selects and assigns the D2D-RNTI from the value set between 0001-FFF3 as shown in Table 1. The D2D-RNTI is assigned when the UE indicates its ProSe transmission interest and no valid Mode 1 resource configuration for the UE. The D2D-RNTI remains valid until eNB releases the Mode 1 resource configuration for the UE. 
Table 1 RNTI values considering D2D-RNTI
	Value (hexa-decimal)
	RNTI

	0000
	N/A

	0001-003C
	RA-RNTI, C-RNTI, Semi-Persistent Scheduling C-RNTI, Temporary C-RNTI, TPC-PUCCH-RNTI and TPC-PUSCH-RNTI，D2D-RNTI (see note)

	003D-FFF3
	C-RNTI, Semi-Persistent Scheduling C-RNTI, Temporary C-RNTI, TPC-PUCCH-RNTI and TPC-PUSCH-RNTI,D2D-RNTI

	FFF4-FFFC
	Reserved for future use

	FFFD
	M-RNTI

	FFFE
	P-RNTI

	FFFF
	SI-RNTI


· TX SA resource pool: As agreed in RAN2#85bis [3], the SA resource pool used for transmission when the UE is in coverage is not known to the UE if Mode 1 resource allocation is used and the eNB schedules the resource to use for SA transmission. However, according to the agreements in RAN1#78, the D2D grant allocated by the eNB only contains SA resource index into the SA resource pool. In order to know the exact location of the assigned SA resource, the UE should first have the knowledge of ProSe transmission SA resource pool. Based on this observation, RAN2 is suggested to reconsider the previous agreements for SA transmission resource pool and send the TX SA resource pool through the RRCConnectionReconfiguration message.
· MCS (optional): according to RAN1#78 [4], it is agreed that the D2D grant does not contain a MCS field which can be configured by the eNB through RRC signaling or up to UE implementation. Since only broadcast and groupcast ProSe communication are supported in R12, it is hard for the eNB to acquire the channel state between transmitting and receiving UEs and then select the proper MCS. Supposing that the MCS is configured by the eNB, the eNB could only configure a predefined MCS or select the MCS according to the resource mode/UE type and then send it together with the Mode 1 resource configuration. 
Proposal 2: RAN2 is suggested to reuse the existing RNTI values set instead of designing a new set specific for D2D-RNTI.
Observation 1: According to RAN1, the D2D grant allocated by the eNB only contains the SA resource index into the SA resource pool, which means that UE should first know the ProSe transmission SA resource pool to locate the allocated SA resource.
Proposal 3: RAN2 is suggested to reconsider the previous agreements for SA transmission resource pool and send the TX SA resource pool through the RRCConnectionReconfiguration message
Proposal 4: The Mode 1 resource configuration included in the RRCConnectionReconfiguration message may contain the D2D-RNTI, TX SA resource pool and the MCS fields. 
On the other hand, it may happen that the eNB cannot provide the Mode 1 resource configuration. The potential reasons are investigated and the corresponding solutions are also proposed as follows:
· Authentication failure: it is mainly caused by the discrepancy of authorization information between the UE and the eNB. The eNB may respond with an authentication failure indication explicitly or responds nothing. In the latter case, the UE may update its ProSe authorization information through NAS layer and then stop requesting the ProSe resource configuration.
· No longer support Mode 1 resource: If the eNB still supports Mode 2 resource, the eNB may configure/reconfigure the UE with Mode 2 resource;
· Mode 1 resource overloaded: the eNB may configure the UE with Mode 2 resource or configure the UE with a prohibit timer. Upon receiving the prohibit timer, UE starts the timer and may resend the ProSe TX interest indication when the prohibit timer expires. 
Proposal 5: For the scenario that the eNB cannot provide the Mode 1 resource configuration, RAN2 is suggested to consider the listed reasons and potential solutions.
3. Upon receiving the RRCConnectionReconfiguration message including the Mode 1 resource configuration, the UE may initiate ProSe BSR transmission to request Mode 1 resource if the ProSe buffer is not empty. Supposing that no uplink resource for ProSe BSR transmission is available, the UE shall send the SR first. Otherwise, the UE may directly send the ProSe BSR as illustrated in Step 5.
It was argued in previous meetings whether the ProSe SR should be designed to be distinguished from the normal SR for cellular communication. The claimed benefits for doing so is that the waste of uplink resource can be avoided if the UE only has ProSe data but the eNB schedules a grant with TB size more than the size of ProSe BSR. As a matter of fact, since it’s not clear how much cellular data is available for transmission, a typical implementation is to assign only 1 PRB pair for normal BSR transmission. Even if the ProSe SR is designed, the allocated uplink resource for ProSe BSR should be equal or larger than 1 PRB pair. Hence, RAN2 is suggested to reuse the normal SR for the uplink resource request for both ProSe BSR and normal BSR transmission. 
Proposal 6: RAN2 is suggested to reuse the normal SR for the uplink resource request for both ProSe BSR and normal BSR transmission.
4. After receiving the SR, the eNB allocates the uplink grant scrambled by C-RNTI to UE. As mentioned before, the uplink grant may indicate the uplink resource of only 1 PRB pair.
5. If the UE obtains the Mode 1 resource configuration and the ProSe buffer is not empty, the UE could send the ProSe BSR to request the Mode 1 resource. 
As agreed in RAN2#87, the group index, LCGID and buffer size should be included in the ProSe BSR. It is still FFS whether the buffer info of only one or multiple ProSe groups could be included in one ProSe BSR. In order to fully utilize the uplink resource and keep the eNB informed of the latest buffer status of multiple ProSe groups, it is suggested that the ProSe BSR including the buffer info of multiple ProSe groups (long BSR) should be designed. Meanwhile, in case the available uplink resource is not big enough to include a long ProSe BSR, the short ProSe BSR which contains the buffer information of one ProSe group should also be supported.
As agreed in RAN1, UL cellular transmission is always prioritized over ProSe transmission. It is safe to say that the priority of normal BSR is higher than the ProSe BSR. Supposing that both normal BSR and ProSe BSR are triggered simultaneously, it is necessary to transmit the normal BSR first. If there are still more padding bits than the size of the ProSe BSR plus its subheader, the ProSe BSR should be included. If the padding bits are not enough to include a long ProSe BSR, a truncated ProSe BSR could be considered which only contains the buffer size info of the high priority ProSe communication group. In these cases, more than one MAC BSR CE can be included within one ProSe MAC PDU. 
Proposal 7: Only if the UE has a valid Mode 1 resource configuration and the ProSe buffer is not empty, the UE is allowed to send the ProSe BSR.
Proposal 8: Both long ProSe BSR and short ProSe BSR should be supported. 
Proposal 9: The priority of normal BSR is higher than the ProSe BSR. If the uplink resource is big enough, both the normal BSR and ProSe BSR MAC CE could be included within one ProSe MAC PDU.
5. Based on the ProSe BSR, the eNB allocates the ProSe SA and data resource and sends the D2D grant scrambled by the D2D-RNTI to the UE. 
Since the eNB has previously received the priority of the relevant ProSe groups and the mapping between Group ID and group index through the UEAssistanceInformation message, the eNB can perform a prioritized Mode 1 resource scheduling among ProSe groups based on the reported ProSe BSRs. As to the half-duplex issue within UEs of the same group, supposing the eNB receives the ProSe BSR from two UEs with overlapping ProSe groups, the eNB could schedule the two UEs with ProSe resources on different subframes to resolve the problem. 
According to the progress in RAN1, the D2D grant for SA and data resource are indicated in slow time scale. For example, it was agreed in RAN1#78[4] that one D2D grant for a given UE indicates the SA and data resource allocation during the whole SA period. Within one SA period, the D2D grant may allocate ProSe resources for a UE to send multiple different MAC PDUs.
Observation 2: RAN1#78 has agreed that one D2D grant for a given UE indicates the SA and data resource allocation during a whole SA period. Within one SA period, the D2D grant may allocate ProSe resources for a UE to send multiple different ProSe MAC PDUs.
6. Upon receiving the D2D grant, the UE transmits the ProSe SA and data over the allocated Mode 1 resource. 
As stated in Observation 2, the ProSe resource for multiple ProSe MAC PDU transmission may be indicated in the D2D grant. And these ProSe MAC PDUs may belong to different ProSe groups. Therefore, it is not realistic for a D2D grant to indicate the group index. In our opinion, it is up to the UE to decide which ProSe groups to send ProSe MAC PDUs to, as well as the transmission order of these Prose MAC PDUs. Since the eNB and the UE keep have the same picture of the relative priorities among ProSe groups, the UE may perform the ProSe group prioritization and corresponding MAC PDU transmission in a consistent way with the eNB decision. 
Proposal 10: Instead of indicating the group index within the D2D grant, the UE should decide by itself which ProSe groups to send ProSe MAC PDUs to (over the ProSe resource assigned via the D2D grant), as well as the transmission order of these ProSe MAC PDUs. 
3   Conclusion 
In this paper, we presented a signalling flow for Mode 1 resource configuration and allocation procedure for ProSe communication. Based on this procedure, the D2D-RNTI allocation, the resource allocation failure, the design for the ProSe BSR, the characteristics of the D2D grant and its impact on ProSe transmission are analyzed. Several observations and proposals are presented on how to progress the work:
Proposal 1: The UEAssistanceInformation message shall contain the list of ProSe group IDs, the corresponding ProSe group indices and the priority of ProSe groups, together with the ProSe TX interest indication. 
Proposal 2: RAN2 is suggested to reuse the existing RNTI values set instead of designing a new set specific for D2D-RNTI.
Observation 1: According to RAN1, the D2D grant allocated by the eNB only contains the SA resource index into the SA resource pool, which means that UE should first know the ProSe transmission SA resource pool to locate the allocated SA resource.
Proposal 3: RAN2 is suggested to reconsider the previous agreements for SA transmission resource pool and send the TX SA resource pool through the RRCConnectionReconfiguration message
Proposal 4: The Mode 1 resource configuration included in the RRCConnectionReconfiguration message may contain the D2D-RNTI, TX SA resource pool and the MCS fields. 
Proposal 5: For the scenario that the eNB cannot provide the Mode 1 resource configuration, RAN2 is suggested to consider the listed reasons and potential solutions.
Proposal 6: RAN2 is suggested to reuse the normal SR for the uplink resource request for both ProSe BSR and normal BSR transmission.
Proposal 7: Only if the UE has a valid Mode 1 resource configuration and the ProSe buffer is not empty, the UE is allowed to send the ProSe BSR.
Proposal 8: Both long ProSe BSR and short ProSe BSR should be supported. 
Proposal 9: The priority of normal BSR is higher than the ProSe BSR. If the uplink resource is big enough, both the normal BSR and ProSe BSR MAC CE could be included within one ProSe MAC PDU.
Observation 2: RAN1#78 has agreed that one D2D grant for a given UE indicates the SA and data resource allocation during a whole SA period. Within one SA period, the D2D grant may allocate ProSe resources for a UE to send multiple different ProSe MAC PDUs.
Proposal 10: Instead of indicating the group index within the D2D grant, the UE should decide by itself which ProSe groups to send ProSe MAC PDUs to (over the ProSe resource assigned via the D2D grant), as well as the transmission order of these ProSe MAC PDUs. 
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