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1 Introduction
In R12, group priority was discussed briefly in RAN2 but without any final decision. The main reason is that SA2 did not have enough time to specify how group priority is delivered from the core network to the UE and to the eNB [1].
We note that in release 12 RAN2 sent an LS [2] to SA2 in which RAN2 asked how to make group priority available in the UE/eNB but has not received a reply from SA2 yet. Therefore, we think that RAN2 should wait for direction from SA2 on how the UE/eNB gets group priority information.
Proposal 1: How the eNB/UE gets group priority information is up to SA2.
Assuming that group priority is made available to the UE and the eNB, and based on the discussion status in release 12, this contribution summaries possible RAN2 standard impacts of group priority to ProSe communication with scheduled resource allocation, and discusses how group priority can be guaranteed  for ProSe communication with UE autonomous resource selection.
2 ProSe Communication Group and Logical Channel Priorities
In release 12, the ProSe BSR includes the group index and LCG ID, which can be used to inform the eNB about which ProSe communication group and which logical channel group has data ready for transmission at the UE. Recall however, that in release 12 and primarily due to lack of time, RAN2 agreed that only a default value of LCG ID = 11 would be used in the ProSe BSR. In effect this means that no prioritization of logical channels could be specified for ProSe in release 12. It seems straight forward to extend the existing logical channel prioritization procedure (36.321, section 5.4.3.1) that is specified for UL-SCH transmissions on the Uu interface to SL-SCH transmissions on the PC5 interface, as long as the appropriate parameters ( priority, prioritisedBitRate, bucketSizeDuration) are configured to the UE (e.g. via RRC).

Observation 1: Extending the existing logical channel prioritization procedure to SL-SCH is straightforward, and only requires appropriate parameters are configured to the UE
Proposal 2: RAN2 should discuss how to configure the logical channel prioritization parameters (priority, prioritisedBitRate, and bucketSizeDuration) for logical channels mapped to SL-SCH.

The concept of ProSe communication group priority is a relatively new concept that was discussed starting with release 12. Because of this, some aspects such as the possible interaction (e.g. precedence) of communication group priority and logical channel priority were never discussed. There could be several possibilities here:

 Option 1: ProSe communication group priority has precedence over logical channel priority

With this option, all ProSe communications for a particular group (say Group 1) would have strict precedence in scheduling over ProSe communication for another group (say Group 2). This would be the case, regardless of the application or type of service used. So for example, an Instant Message for Group 1 would always be scheduled in preference to say a voice communication for Group 2.
Option 2: Logical channel priority has precedence over ProSe communication group priority

With this option, ProSe communications would first be scheduled according to logical channel priority, but among a group of logical channels of the same priority, ProSe communication group priority would be used. Continuing with the previous example, let’s say voice communications are always prioritized over Instant Messaging, and that each are mapped to different logical channels. Then slidelink resources would be first mapped to voice communication (according the logical channel priority parameters), but resources would be allocated for a voice communications Group 1 first and then for Group 2.  And only after the voice communication resource requirements were addressed, would resources be provided to IM services.

Option 3: A hybrid approach in which priority is given to a ProSe communication group/logical channel combination

RAN2 should discuss the pros and cons of each of these three options for prioritization between ProSe communication groups and logical channels, and decide on the best approach to follow. RAN2 may need to liaise with other WGs (e.g. SA2, SA2, or SA6) for guidance in this decision.
Proposal 3: RAN2 should discuss the pros and cons of each of the three options for prioritization between ProSe communication groups and logical channels, and select the best option.

3 ProSe Group Prioritization with Scheduled Resource Allocation

Based on the ProSe communication group and logical channel priorities, and in the case of eNB scheduling of ProSe communication resources (aka Mode 1), the eNB could schedule the UE to transmit higher priority data first.
Option 1: The eNB decides which grant is used for which group
In this option, the eNB allocates a grant for a specific group (or groups) based on the information in the ProSe BSR and indicates to the UE the group for which the grant should be used. The UE uses the grant to transmit the data of the group(s) indicated by the eNB.
In option 1, the eNB can fully control which resource is used for which group, and this will help the eNB better address the half duplex issue of UEs in the same group. However, since ProSe BSR reporting has time latency, it cannot reflect the accurate buffer status of the UE in real time. Such a case will happen if data for a higher priority group suddenly becomes available while the UE already has a grant in hand, but which the eNB has indicated should be used for another group with lower priority. If this case happens, the UE will have to obey the eNB’s command and transmit the data of the lower priority group even though it already has data available for transmission for a higher priority group in its buffer.
Option 2: The UE decides which grant is used for which group
In this option, the eNB allocates grants based on the information in the ProSe BSR, but does not indicate to the UE which grant is to be used by which group. The UE serves all the groups with the granted resources in decreasing group priority order.
In option 2, the UE has the freedom to decide which grant is used for which group according to group priority and its buffer status in real time. The benefit is the data of a high priority group will always get transmitted first, thus the group priority is guaranteed. However, the drawback is that the eNB partially loses control of which resource is used by each group, and thus cannot effectively coordinate the transmission of the UEs in the same group to solve the half duplex issue. Furthermore, if the MAC SDUs of different groups cannot be multiplexed into the same grant, a bad situation could happen in which the UE assembles a small amount of data of a higher priority group into a very big grant which the eNB in fact intends to allocate to a lower priority group with a large amount data to be sent. It is obvious this could lead to inefficient usage of radio resources.
Proposal 4: RAN2 is kindly asked to make a choice between the two options for grant utilization.
4 ProSe Group Prioritization with UE Autonomous Resource Selection
During the release 12 timeframe, there were some contributions discussing how to implement group priority with UE autonomous resource selection [4]

 REF _Ref414962312 \n \h 
[5]. It seems that several companies preferred to allocate different resource pools for groups with different priorities. Presumably the idea was that bigger resource pools could be allocated to groups with higher priority, and consequently the collision probability could be reduced for a higher priority group. However, as discussed in several RAN 1 contributions [6]

 REF _Ref416402893 \r \h 
[7]

 REF _Ref416402895 \r \h 
[8], the probability of collision with UE Autonomous resource selection (aka mode 2) depends not on the size of the resource pool, but on the ratio of the number of UEs transmitting in this pool to the number of transmission resources (in other words to the pool occupancy). And whereas the eNB can control the size of the resource pool, there is currently no clear mechanism for the eNB to control how many UEs attempt to transmit using these resources, particularly in the case of idle UEs. Therefore, just allocating separate resource pools to communication groups of different priorities cannot guarantee better communication performance for a group with higher priority.
Observation 2: Allocating separate resource pools to groups with different priorities, cannot guarantee better performance for higher priority groups.
On the other hand, these same RAN1 studies showed the potential of various techniques to reduce resources collisions with UE autonomous resource selection. These techniques included sensing the occupancy of either the PSCCH and/or PSSCH before transmitting, and applying appropriate backoff to avoid congestion, reserving PSSCH resources, or some combination thereof. In [7] it was demonstrated that these techniques can result in very significant reduction in collisions. For example, Figure 1of [7] shows up to 75% reduction in collisions at 50% resource occupancy, about 50 % reduction in collisions at 100% occupancy, and about 20% reduction in collisions at 150% occupancy. Clearly techniques such as sensing can result in significant performance differentiation between groups of different priorities, if applied differentially per the priorities of the groups. For example, a lower priority group could have a more aggressive backoff strategy on sensing congestion, resulting in lower collisions and better performance of higher priority groups.

Observation 3: Techniques such as sensing can result in significant performance differentiation between groups of different priorities, if applied differentially per the priorities of the groups.
Although the details remain FFS, we can discern some general principles that can guarantee the performance of higher priority ProSe groups when using autonomous UE resource selection:

a)    Higher priority groups should have more opportunities to transmit ProSe communications, and lower competition for transmission resources from lower priority groups, which can be controlled through sensing and backoff.  

b)    The higher the priority of the group, the larger the size of the resource pool it should have access to for transmission
c)    The lower the priority of the group, the more aggressive of a backoff strategy it should apply when using sensing
Proposal 5: RAN2 should study and agree on appropriate methods to ensure that higher ProSe communication group priority, results in lower collisions, and better communication performance relative to lower priority groups. 

These methods may included preferential access to ProSe communication resources, and the application of sensing with backoff for congestion avoidance. The details are FFS.
5 Conclusion
In this paper we discussed communication group prioritization and logical channel prioritization as applied to ProSe communication. Considerations for RAN2 include deciding the precedence of these two methods for prioritization of ProSe communications, possible approaches to achieve differential group prioritization with bother eNB scheduled and UE autonomous resource selection. We have the following observations and proposals:
Observation 1: Extending the existing logical channel prioritization procedure to SL-SCH is straightforward, and only requires appropriate parameters are configured to the UE

Observation 2: Allocating separate resource pools to groups with different priorities, can not guarantee better performance for higher priority groups.
Observation 3: Techniques such as sensing can result in significant performance differentiation between groups of different priorities, if applied differentially per the priorities of the groups.
Proposal 1: How the eNB/UE gets group priority information is up to SA2.
Proposal 2: RAN2 should discuss how to configure the logical channel prioritization parameters (priority, prioritisedBitRate, and bucketSizeDuration) for logical channels mapped to SL-SCH.
Proposal 3: RAN2 should discuss the pros and cons of each of the three options for prioritization between ProSe communication groups and logical channels, and select the best option.
Proposal 4: RAN2 is kindly asked to make a choice between the two options for grant utilization.
Proposal 5: RAN2 should study and agree on appropriate methods to insure that higher ProSe communication group priority, results in lower collisions, and better communication performance relative to lower priority groups. 
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