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1 Introduction

In RAN2 #90 following agreements [1] were made related to priority handling for D2D communication. 

In this paper we discuss the following remaining issues for priority handling:
· Mode 1: How to indicate the priority to eNB for priority handling across UEs? How does the UE, prioritises the logical channels in the allocated grant?

· Mode 2: How to prioritize packets of different priority within and across UEs?  

2 Discussion
2.1 Priority Handling in Mode 1

2.1.1 Priority Indication in BSR

According to RAN2# 90 agreements, for scheduled resource allocation, as a baseline, the buffer status is reported per destination ID. It is FFS how the mapping between the logical channel priority and LCG is done.

In order for the eNB to prioritise the resource requests from multiple UEs, eNB should be aware of the ProSe Per-Packet Priority. ProSe Per-Packet Priority can be indicated to eNB using the following approaches:
Approach 1:

In release 12, D2D BSR includes the LCG ID. LCG ID is always set to 3. In order to report the priority, LCG ID can be associated with ProSe Per-Packet Priority. 
According to SA2 TR [2], “support of 8 levels for the ProSe Per-Packet Priority should be sufficient to support a wide range of applications”. There are four available LCG IDs. So each LCG ID can be mapped to two ProSe Per-Packet Priority levels. The mapping between LCG ID and per packet priority levels can be fixed or can be signaled by the network in RRCConnectionReconfiguration message in response to SidelinkUEInformationMesssage with DestinationIdListInfo.

For example, 
· LCG ID 0: Priority Level 0 (Highest), Priority Level 1

· LCG ID 1: Priority Level 2, Priority Level 3

· LCG ID 2: Priority Level 4, Priority Level 5

· LCG ID 3: Priority Level 6, Priority Level 7 (Lowest)
Approach 2:

An alternate approach could be to send the logical channel info i.e. LCID and associated ProSe Per-Packet Priority for each destination ID in SidelinkUEInformationMesssage and then eNB assigns the LCG for each of the logical channel. UE maps the packets of different ProSe Per-Packet Priority to different logical channel. This approach has more signalling overhead compared to approach 1.

Proposal 1: ProSe Per-Packet Priority is indicated using LCG ID in BSR. Each LCG ID is mapped to multiple ProSe Per-Packet Priority levels.
2.1.2 Priority Handling at ENB

In release 12, eNB is only aware of destination group for which the UE has requested resources. If the LCG ID is mapped to ProSe Per-Packet Priority then eNB can know the priority associated with UE’s request. ENB can prioritize a UE’s resource request for transmitting high priority packets than another UE’s resource request for transmitting lower priority packets. The priority information is provided to eNB by the UE. Can the eNB rely on the priority information received from UE? If not, then eNB needs to validate whether UE is authorised to transmit at a particular priority level or not. In order to validate, the highest priority level at which UE can transmit may be obtained by eNB from MME as part of UE context. If the ProSe Per-Packet Priority indicated by UE is less than or equal to highest ProSe Per-Packet Priority level received in UE’s context then eNB may assign resources to UE.
Proposal 2: RAN2 should discuss whether eNB needs to validate the priority information received from UE.
2.1.3 Priority Handling at UE

According to RAN2# 90 agreements, packet to be transmitted is associated with a priority in addition to destination ID. Packets of distinct priorities are mapped to different logical channels. Packets of different destination IDs are also mapped to different logical channels. 
In a grant received from eNB for a scheduling control period, UE builds one or more MAC PDUs for a particular destination. MAC SDUs from only one destination can be included in MAC PDU. On receiving the grant, UE schedules as follows:

Scenario 1: UE is transmitting to only one destination (i.e. all established logical channels are for same destination)

· If the UE is transmitting to only one destination (i.e. all logical channels are for same destination) then while generating MAC PDU(s) corresponding to received grant
· All the logical channels are served in a strict decreasing priority order until either the data for that logical channel or the grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.
Scenario 2: If the UE is transmitting to multiple destinations (i.e. logical channels exists for different destinations)
· Example 1: Let’s say UE is transmitting to three destinations, each having two logical channels

· Destination ID 1: Logical channel1 (Priority 0); Logical channel 2 (Priority 1)

· Destination ID 2: Logical channel1 (Priority 2); Logical channel 2 (Priority 3)

· Destination ID 3: Logical channel1 (Priority 4); Logical channel 2 (Priority 5)

In this case the logical channels of Destination ID 1 are served in decreasing priority order in the received grant as the logical channels of Destination ID1 have the highest priority.
· Example 2: Let’s say UE is transmitting to three destinations, each having two logical channels

· Destination ID 1: Logical channel1 (Priority 0); Logical channel 2 (Priority 4)

· Destination ID 2: Logical channel1 (Priority 2); Logical channel 2 (Priority 3)

· Destination ID 3: Logical channel1 (Priority 5); Logical channel 2 (Priority 6)

In this case first the logical channel 1 of Destination ID 1 is served as it has the highest priority. After serving logical channel 1 if resources are still available what should the UE do? 

· UE cannot serve logical channel for other destinations, as in one grant UE has to transmit MAC PDU(s) for same destination. Each MAC PDU carries MAC SDUs for same destination. MAC PDU structure modification is needed to allow transmission of MAC SDUs of different destination in MAC PDU.
· UE can serve logical channel 2 of destination ID1. This may lead to priority violation as low priority packet is transmitted before transmitting high priority packets (logical channel of destination ID2). If UE does not serve logical channel 2 of destination ID1 then grant will go waste. So it is better to serve logical channel 2 of destination ID1.
· So we propose that UE serve the logical channels of the destination corresponding to highest priority logical channel amongst all the logical channels for which data is available for transmission. All the logical channels of this destination are served in a strict decreasing priority order until either the data for that logical channel or the grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.
Proposal 3: On receiving the grant from eNB for a scheduling control period, UE schedules as follows:

· If the UE is transmitting to only one destination (i.e. all established logical channels are for same destination) 

· All the logical channels are served in a strict decreasing priority order until either the data for that logical channel or the grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.
· If the UE is transmitting to multiple destinations (i.e. logical channels exists for different destinations)

· Serve the logical channels of the destination, corresponding to highest priority logical channel amongst all the logical channels for which data is available for transmission. All the logical channels of this destination are served in a strict decreasing priority order until either the data for that logical channel or the grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.
2.2 Priority Handling in Mode 2
Approach 1: 

In release 12, up to four TX resource pools for sidelink communication transmission can be configured. However, UE always selects the first resource pool for sidelink transmission. One of the ways to support ProSe Per-Packet Priority in mode 2 is to configure multiple TX resource pools and each TX resource pool is associated with one or more priority levels. UE selects the resource pool corresponding to ProSe Per-Packet Priority of packet which UE wants to transmit. The advantage of this approach is that collision between packets with different priority can be avoided in this approach. The collision is there only amongst packets of same priority. 
Approach 2:

An alternate approach is to configure only one TX pool and associate ProSe Per-Packet Priority with transmission probability. The mapping between priority and transmission probability can be pre-defined or signalled by eNB. When UE has to transmit a packet it transmits the packet with transmission probability associated with the ProSe Per-Packet Priority to be transmitted. In this approach, collision between packets with different priority cannot be fully avoided. However, on average collision will be less for high priority packets compared to lower priority packets.
Proposal 4: RAN2 should discuss the approach 1/2 and decide the approach for priority handling in mode 2.
3 Conclusion

In this paper we have discussed the remaining issues for priority handling. We propose the following:
Proposal 1: Per packet priority is indicated using LCG ID in BSR. Each LCG ID is mapped to multiple per packet priority levels.
Proposal 2: RAN2 should discuss whether eNB needs to validate the priority information received from UE.

Proposal 3: On receiving the grant from eNB for a scheduling control period, UE schedules as follows:

· If the UE is transmitting to only one destination (i.e. all established logical channels are for same destination) 

· All the logical channels are served in a strict decreasing priority order until either the data for that logical channel or the grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.
· If the UE is transmitting to multiple destinations (i.e. logical channels exists for different destinations)

· Serve the logical channels of the destination corresponding to highest priority logical channel amongst all the logical channels for which data is available for transmission. All the logical channels of this destination are served in a strict decreasing priority order until either the data for that logical channel or the grant is exhausted, whichever comes first. Logical channels configured with equal priority should be served equally.
Proposal 4: RAN2 should discuss approach 1 and approach 2 and decide the approach for priority handling in mode 2.
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Agreements 


The AS is provided with the priority of the data packets to be transmitted on PC5 interface. The AS doesn’t need to know how the higher layers have determined the priority. 





For each logical channel there will be an associated priority.





The creation of logical channels will be left to UE implementation, similar to Rel-12. In addition to taking source/destination ID of packets into account when creating a logical channel, the UE will also take into account the priority of packets.   





For scheduled resource allocation, as a baseline, the buffer status is reported per destination ID, as per Rel-12 agreement. It is FFS how the mapping between the logical channel priority and LCG is done.  





RAN2 has agreed that for autonomous resource selection, solutions other than static one-to-one association between priorities and resource pools should be considered. Solutions to address these limitations are FFS.  





The resource pool is selected; the selection is valid for the entire SA period. After the SA period is finished the UE may perform resource pool selection again. FFS whether multiple transmission to different destination IDs can be allowed within one SA period.
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