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1 Introduction

SA2 has introduced the ProSe per packet priority (PPP) concept as described in an incoming LS [1] and also in the technical report [2]. In this paper we analyse the impact of PPP on MAC and propose some changes to logical channel prioritization.
2 Discussion
Our understanding of PPP is that from the perspective of the MAC layer, each incoming packet from higher layers is associated with some type of priority level. It is the task of the MAC layer to serve packets of higher priority before packets of lower priority, should there be a contention of resources.
2.1 End to end prioritization

Starting off with the full picture, PPP is a mechanism used to provide some form of prioritisation and preferential treatment of packets when using ProSe Direct Communication. This implies the case standardized in Rel-12 (UE to UE) and also the relaying case standardized in Rel-13 (Remote UE to Relay UE). For the first case, it is clear that the use of PPP can provide end to end prioritisation. For the relaying case, it is clear that PPP can provide prioritization over the first hop, from the Remote UE to the Relay UE. But over the other half of the communication path PPP is not used. Instead we can use legacy QoS mechanisms to provide a suitable level of prioritization. The existing LTE QoS framework is flexible and highly developed to cover e.g. emergency situations and no changes are therefore necessary to cover the relaying case. This is shown in Figure 1.
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Figure 1 – PPP is used to handle priority on PC5 and existing mechanisms are used for Uu.

Observation 1 The existing LTE QoS framework can support the ProSe UE-to-network Relay scenario.

Proposal 1 To implement PPP only changes to the PC5 interface are necessary.

As more Remote UEs connect to the Relay UE, the QoS parameters of the “backhaul bearer” may need to be updated (e.g. increase maximum bitrate). This can be compared to an ongoing VoLTE call when video is added. In that case the VoLTE application contacts the P-CSCF server, which in turn contacts the PCRF which modifies the properties of the bearer. A similar functionality can be envisioned here. The ProSe Function is contacted which in turn contacts a suitable network function to modify the bearer. From this very brief example we note that the exact details are out of scope for RAN2.

PPP is used for sidelink communication, which includes the case when a ProSe UE-to-Network Relay is used to connect a Remote UE to the network. If there is some prioritization on the PC5 interface, this information should of course also be used on the Uu interface to enable end-to-end prioritization. 

Proposal 2 If a packet is prioritized on the PC5 interface, it should also be treated with some priority on the Uu interface (if a ProSe UE-to-Network relay is used).

This also applies in the downlink direction. 
Proposal 3 If a packet is prioritized on the Uu interface, it should also be treated with some priority on the PC5 interface (if a ProSe UE-to-Network relay is used).

SA2 is studying this and three interim options have been identified. From [2]:

option 1) The ProSe UE-Network Relay when it receives a packet from PC5 it will keep track of the LCID and radio bearer (RB ID) determined by the normal procedures (i.e. using UL TFT). When it receives a packet within the same radio bearer over LTE-Uu, it will determine the ProSe Per Packet Priority that will be used on the PC5 transmission based on the previously stored mapping. A mapping between the priority used to transmit the packet represented by LCID and the corresponding radio bearer (RB ID) can be kept in Access Stratum (PDCP). 

option 2) The ProSe UE-Network Relay when it receives a packet from PC5 it will keep track of the IP 5 tuple and LCID. When it receives a packet from LTE-Uu corresponding to the same IP 5 tuple, it will determine the ProSe Per Packet Priority that will be used on the PC5 transmission based on the previously stored mapping. A mapping between the priority used to transmit the packet represented by LCID and the IP 5 tuple can be kept in Access Stratum (PDCP). 
option 3) ProSe UE-Network Relay maps the EPS bearer QoS parameters into a ProSe Per Packet Priority value to be applied for the downlink relayed unicast packets over PC5. The mapping rules are configured in the ProSe UE-Network Relay UE.

Options 1) and 2) require the Remote UE to inform the ProSe UE-to-Network Relay of the priority, whereas option 3) is based on some mapping of EPS bearer QoS parameters to priority. As the services on PC5 are connection-less the information of the priority of an incoming packet must be carried in that packet when transmitted. Clearly PPP will have impact on higher layer, although that can be handled by SA2 for now.
2.2 MAC layer tx behaviour

As the MAC layer is agnostic to whether the SL-SCH is used for relaying or “Rel-12 Direct communication” this text applies to both cases.

When transmitting packets it is important to take both intra-UE and inter-UE prioritization into account. With PPP the MAC entity will receive a priority associated with each packet. This priority is then used for preferential treatment in MAC. The intra-UE prioritization is handled by logical channel prioritization and inter-UE prioritization is handled by a suitable selection of the resource pool used for transmission.
When analysing the MAC functionality we find that functions to investigate further include
-
Logical Channel Prioritization

-
Selection of pool for transmission

These are further analysed below.

2.2.1 Logical channel prioritization
Logical channel prioritization addresses the issue of intra-UE prioritization. MAC layer contains LCP, Logical channel prioritization. In Rel-12 each logical channel is identified with a (SRC, DST) pair. At previous meeting it was decided that each sidelink logical channel has an associated priority. As there is a 1-to-1 mapping between sidelink logical channels and sidelink radio bearers in Rel-12, which is a property we would like to keep, also sidelink radio bearers have an associated priority. 
To maintain the prioritization also in the physical layer, the logical channel prioritization must serve logical channels in order of priority. This is different from Rel-12 where the UE had the possibility to serve logical channels in any order, see below:
NOTE:
The rules above imply that the order by which the sidelink logical channels are served is left for UE implementation. 

According to [2], it is assumed that strict priority is used, which is different from the prioritization of the UL traffic for example.

Proposal 4 The sidelink logical channel prioritization serves channels in order of strict priority.

2.2.2 Selection of tx pool

The selection of the transmission pool addresses the issue of inter-UE prioritization. Once the logical channel prioritization has established which packet should be served, it is time to decide which tx pool to use, if UE autonomous resource allocation is configured. In Rel-12 the UE can be configured with several pools, but only the first one is ever used. In Rel-13 we think the UE must be able to use several different transmission pools, each associated with a priority.

A simple way to do this is to have a 1-1 mapping of pools and priorities, i.e., packets of priority n is transmitted in pool n. The problem with this is that each pool would not contain very many resources to use (in case the number of pools is large) and if several “high priority users” (e.g. users sending with high priority) end up in the same area the high priority pool would be exhausted while the low priority pool would be unused. This was also identified in the last meeting.
-
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 this limitations are FFS.  

We propose to associate each pool with a minimum priority instead. In a system with 8 priority levels (8 being the highest, 1 the lowest priority), four resource pools could have the minimum priorities {7, 5, 3, 1} as an example. In pool 1 only packets with prio 7 to 8 would be allowed, in pool 2 only packets with prio 5 to 8, in pool 3 only packets with prio 3 to 8, and finally in pool 4 all packets would be allowed. This allows a UE to select between several pools for high prio packets, which means there are more radio resources available for high prio traffic which reduces the collision probability.

Proposal 5 Each resource pool with transmission resources is associated with a minimum priority.

Proposal 6 The UE shall select a transmission pool for a packet such that the priority of the packet is equal to or higher than the minimum priority of the transmission pool.
It can be noted that in the example above, the UE can choose between all 4 pools for packets of priority 8 (the highest priority), while still maintaining the prioritization property in the proposal above. The pool to select in that case can be left to UE implementation. One way can be to select the pool with the lowest load to reduce the possibility for collision.

If the UE is configured with eNB-scheduled resource allocation, then the UE transmits the selected packet in the resources indicated in the sidelink grant. We do not foresee any changes compared to Rel-12 functionality in this case. But, the eNB can do a better allocation of resources if it knows the amount of data per priority level.

In Rel-12 the sidelink BSR provides information about the buffer status for previously configured ProSe destinations. With the introduction of PPP (which is not coupled to the ProSe destination), the eNB should be informed of the buffer status per priority, in order to provide for inter-UE prioritization. We think a BSR which contains the buffer status per priority and ProSe destination becomes very big, and the extra level of granularity is not really useful set in relation to the increased size. It should be noted that this new functionality assumes that UEs would treat logical channels in order of strict priority (as proposed earlier) once they are given an SL grant. It should also be noted that the purpose of the BSR in Rel-12 is to prevent two or more UEs to transmit to the same group, causing collisions. By not having the ProSe destination in the BSR, this property is lost.

Proposal 7 Introduce a new Sidelink Buffer status report which allows a UE to report the buffer status per priority level.

It can be discussed if coarser granularity (similar to LCG) is sufficient.

2.3 MAC layer rx behaviour

In Rel-12, the functionality of the MAC layer when receiving PDUs from the lower layer is fairly simple. Based on the SRC and DST fields the SDU is passed to the corresponding RLC entity and if no such entity exists, it is created. Demultiplexing can be done without any consideration to priority, similar to Rel-12. Therefore, no major changes to the MAC layer rx behaviour are foreseen.

2.4 How to convey the PPP between nodes
In the relaying scenario the relay needs to know the PPP of incoming packets on the sidelink to be able to select the proper QoS in the uplink. As this is a L3 function residing in the IP layer, it is suitable to carry the PPP as close to that layer as possible. The layer closest to IP in the AS is PDCP. As bandwidth is very scarce on PC5, it is important to limit the overhead created by the PPP. 
2.4.1 PPP in User plane PDCP Data PDU

With this option, the PPP is added as a field to the User plane PDCP PDU for SLRB. The PPP has eight values, so it would mean there are five reserved bits and each packet would be 1 byte larger compared to Rel-12. The relative increase depends on the size of the IP packets with smaller IP packets creating bigger relative increase. The reserved bits enable future extensions of the PPP should that become necessary.
2.4.2 PPP in the LCID of the MAC SDU

This option can be viewed as an optimization of the previous one. With this option the LCID of the MAC SDU is used to carry the PPP (i.e. PPP=1 corresponds to LCID=1 etc.). This would change the purpose of the LCID compared to Rel-12. However, if a receiving Rel-12 MAC entity would receive Rel-13 MAC PDUs with this functionality, we do not think that anything would break in the receiver. The reason is that MAC SDUs are not dropped if their corresponding RLC entity does not exist; instead a new one is created. Thus this option still maintains some form of backwards compatibility. This option does not increase the size of the MAC PDU and provides priority per MAC SDU. A drawback of this option is that it locks the PPP to the LCID in a static way. If the number of priority levels increase beyond 8 it might be hard to include that, as the logical channel identity only has ten values. 
We think the first option is the preferred one, as it maintains flexibility. The cost of one extra byte per IP packet is acceptable to us. We think this option would match options 1) and 2) from SA2 presented earlier.
Proposal 8 Encode PPP in User plane PDCP Data PDU.
3 Conclusion

In section 2 we made the following observations:
Observation 1
The existing LTE QoS framework can support the ProSe UE-to-network Relay scenario.


Based on the discussion in section 2 we propose the following:
Proposal 1
To implement PPP only changes to the PC5 interface are necessary.
Proposal 2
If a packet is prioritized on the PC5 interface, it should also be treated with some priority on the Uu interface (if a ProSe UE-to-Network relay is used).
Proposal 3
If a packet is prioritized on the Uu interface, it should also be treated with some priority on the PC5 interface (if a ProSe UE-to-Network relay is used).
Proposal 4
The sidelink logical channel prioritization serves channels in order of strict priority.
Proposal 5
Each resource pool with transmission resources is associated with a minimum priority.
Proposal 6
The UE shall select a transmission pool for a packet such that the priority of the packet is equal to or higher than the minimum priority of the transmission pool.
Proposal 7
Introduce a new Sidelink Buffer status report which allows a UE to report the buffer status per priority level.
Proposal 8
Encode PPP in User plane PDCP Data PDU.
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