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Introduction
In the April RAN1#80bis and RAN2#89bis meetings, the question of how to achieve support for group priority in ProSe was discussed.
[bookmark: _GoBack]A WF was presented in April RAN1#80bis with a proposal to define a resource pool allocation mechanism to map the application/group/user priority to a PSCCH and PSSCH resource pool or N distinct sub-sets of a resource pool [1]. Aspects such as mapping from different application/group/user to the resource pool or subset(s), any details of resource pool subsets or N (e.g. N > 16) were left FFS. Following the RAN1 discussions, an LS was sent to RAN2 to indicate that RAN1 had discussed the possibility of associating Mode 2 SA and data resource pools to application/group/user priorities and to ask RAN2 whether this approach can fulfil the requirements, and if not, whether RAN2 is looking at solutions to handle different priorities [2].
In RAN2#89bis, an LS was sent to SA2 and SA6 to first better understand the relevant requirements that may drive the overall QoS/priority solution for R13 eD2D and in particular which aspects would be relevant for the access stratum design [3]. Questions to SA2/SA6 include whether just one single priority level is applicable to all packets originating from a given UE, whether different priorities would be handled solely by the application if concurrent support of multiple priorities per UE and for multiple UEs were required, which overall architecture to assume in terms of priority handling, how many priority levels would need to be handled in the AS and if priority handling would also apply to the Relay case.
In this contribution, we discuss our views on the assumptions that should guide the design of the R13 resource pool allocation mechanism to efficiently support group priority handling in R13 eD2D while allowing for efficient use of radio resources with ProSe type applications in later Releases.

Background
It is worthwhile to re-visit R8 LTE principles for priority handling before considering the question of group priority handling for R13 eD2D.
For the LTE Uu, IP packets are assigned to radio bearers using filters contained in the TFT. For the case of UL traffic, the NAS configures the UE with the UL TFT to allow the UE to properly map the IP packets to the correct radio bearers. These are mapped 1-to-1 to EPS bearers and 1-to-1 to logical channels. To control the transmission of packets between the logical channels, the eNB configures parameters for logical channel prioritization (i.e. PBR, BSD) such that the UE can serve each of the logical channels based on LCP. In addition, the eNB maps logical channels into one of 4 logical channel groups which are used by the UE to report buffer status to the eNB. The eNB provides UL grants on a per-UE basis, by taking into account the BSR attached to each LCG. The UE then uses the UL grant and prioritizes the LCGs from highest priority to lowest priority as well as the logical channels within the LCG.
In the case of R12 ProSe communications, there are some significant differences in overall system and protocol architecture compared to the Uu which do not allow the exiting R8 Uu mechanism to be adopted “as is” for PC5:
1. ProSe communication can occur for the out-of-coverage case. In this case neither the network, nor the eNB can configure the UL TFT, LCP parameters and LCG mapping.
2. In R12 ProSe, there is no notion of EPS bearer. Therefore, the eNB has currently no information to map an equivalent of LCP parameters as a function of group priorities or prioritized bit rates even when operating in D2D Communications Mode 1.
3. For out-of-coverage as well as D2D Communications Mode 2 when in-coverage, the UE does not report anything, in particular no BSR to the eNB.
4. In R12 D2D, logical channels in the UE are currently created dynamically/autonomously by the UE without eNB control. A logical channel is created for each source/destination pair.
In summary, group priority handling in R13 eD2D can’t adopt the existing LTE Uu mechanism “as is”. Out-of-network communication can’t be controlled by the eNB, yet ProSe applications on the UEs still need to support priority handling. Even when operating D2D under network coverage under eNB control in D2D Communications Mode 1, sidelink packet filters in analogy to TFT(s) to permit UE based traffic differentiation with logical channels or LCGs are not currently available because there is no equivalent for EPS bearers and associated QoS for R12 ProSe. As another consequence following the absence of a well-defined notion of EPS for R12 ProSe, the eNB has no information available to deduce priority or prioritized bit rates for its Sidelink grants.

Principles of priority handling for R13 eD2D
We think that any attempt to introduce QoS or priority handling for R13 eD2D following the Uu design principles would necessarily result in an architectural re-design for the R12 ProSe communications framework due to the need for ProSe RABs with heavy impacts onto RAN, CN and the protocol architecture.
Therefore we consider that it can only be the ProSe application in the UE that is responsible to determine priority levels including their dynamic adjustment, when needed, due to situational conditions.
The ProSe application residing on the UE will be configured with static priority levels for group channels and subject to other factors through the PSF. The ProSe application may determine the appropriate priority level associated with a given IP packet, packet stream, communications group or application level signaling type based on configured static parameters as well as dynamic parameters. How the ProSe application sets an appropriate priority level associated with a given IP packet sent to the access stratum for transmission over PC5 is out-of-scope for 3GPP normative work. 
For access stratum design to support R13 group priority, it can simply be assumed that the UE receives an IP packet for transmission over PC5 from the ProSe application with an associated priority level for this packet to determine handling in the AS. This includes the possibility to map the ProSe application derived priority level for a given IP packet transmission over PC5 onto available PSCCH and PSSCH resource pools (or N distinct sub-sets of a resource pool). We note that this principle would apply to both D2D Communications Mode 1 and 2.
Once the per-packet prioritization is derived by the ProSe application, i.e. by upper layers, it can then simply be assumed that upper layers define up to N (=16 subject to confirmation by SA) logical channel priorities. Unlike the creation of a logical channel per source/destination pair as in R12, the R13 eD2D UE will support creation of multiple, i.e. different logical channels per source/destination pair and per priority level to take the associated priority levels into account for its IP packet processing.
Once a logical channel with an associated priority level is created by the UE, a mapping between the given logical channel and a LCG can be done in the UE. The upper layers may will also define the mapping of the N logical channel priorities to one out of the 4 logical channel groups, where each LCG has a higher priority than another LCG. In consequence, similar to current procedures each created logical channel per source/destination pair in the UE will have an assigned logical channel priority and an associated LCG.
Proposal 1:
Priority associated with the requested transmission of an IP packet over PC5 is determined by the ProSe application residing in the UE.
Proposal 2:
The determination of the priority level(s) by the ProSe application is out-of-scope for 3GPP normative work.
Proposal 3:
Priority level(s) associated with the requested transmission of an IP packet over PC5 are available in the UE access stratum.

Group priority in D2D Communications Mode 1
In order to support group priority when operating in D2D Communications Mode 1, a mechanism is required whereby the eNB can be informed by the UE about its needs to serve prioritized traffic in different logical channels prior to eNB controlled resource allocation.
We assume that no changes are needed in R13 with respect to the existing definitions and corresponding RRC signaling support for D2D communication pools in Mode 1 to introduce group priority handling.
A UE in D2D Communications Mode 1 will send a sidelink BSR to the eNB with buffer status associated with each of the LCGs (aggregation of the buffer status for all logical channels in a given LCG for a given destination). The existing 2-bit LCG in the sidelink BSR can be used to differentiate and indicate to the eNB for up to 4 LCGs. The R12 group index in the sidelink BSR is not needed for prioritization purposes when relying on the LCGs, and the R12 behaviour is unchanged, i.e. the value of the group index is set to the index of the destination identity reported in ProseDestinationInfoList.
Subsequently, the eNB will issue a Sidelink grant to the UE in the DL. Unlike R8 LTE Uu, D2D transmission behaviour with respect to logical channels in the UE is completely left to UE implementation in R12 D2D. To support group priority in R13 eD2D, 36.321 MAC specifications will be impacted. The R13 eD2D UE, upon reception of a sidelink grant from the eNB, must first serve its logical channels / LCGs in descending order of priority, similar to the approach taken for the Uu UL in R8 LTE.
We consider that these are mostly RAN2 aspects. We refer to our RAN2 companion paper [4] for more details.

Group priority in D2D Communications Mode 2
In order to support group priority when operating in D2D Communications Mode 2, availability of radio resources for transmission by the UE as a function the ProSe application derived priority level associated with a given IP packet or packet stream must be guaranteed.
We assume that the design principle for D2D Communications is such that a UE uses the resources that are dedicated to the priority level as signalled by the eNB while in-network coverage whereas an out-of-coverage UE uses pre-configured pools of radio resources for each priority level(s). These may possibly be stored in the ProSe application as a function of the geographical area the UE is authorized to operate in.
Clearly, existing R12 D2D PSCCH and PSSCH resource pool definitions could be adopted to support up to N=16 sub-channels in FDM/TDM, except that the resulting RRC signaling in SIB and the limitation for DCI F1A/C maximum TB size indication might become prohibitive.
We think that the introduction of a virtual partitioning approach such as for example described in [5] for the PSCCH and PSSCH resource pools by means of a new optional parameter NSC (range 1…16) associated with a Control and Mode 2 Data pool is more suitable, in addition to such a solution being able to avoid any RRC SIB and DCI limitations.
However, either approach to TDM/FDM resource partitioning of the SA and the D2D data radio resources, by means of different pools, or by means of different orthogonal sub-channels created in an SA/D2D data pool will have as a consequence that radio resources for ProSe are orthogonal and segregated.
We think this is not an issue as long as the ProSe is used exclusively for speech groups at incident scenes, i.e. as long as voice channels are used. The typical average and maximum numbers for first responder groups, their spatial user distribution at incident scenes, participants per group, dynamics of dispatcher based group (re-)assignments are well understood and known from previous operational experience using systems such as P25 and TETRA. The number of SA/D2D data pool(s) and orthogonal sub-channels created in support of group priority can be dimensioned accordingly and be configured for predictable voice traffic.
We think that the semi-static orthogonal resource partitioning approach to support voice-centric group priorities will not prove scalable once LTE based ProSe communications start being used for more than voice.
It should not be forgotten that besides commercial availability, one of the reasons why LTE based radio access in support of ProSe communications is an attractive solution is the inherent ability and scalability of LTE radio access for efficient support of transmissions at broadband data rates. Transmission of non-voice data packets and IP packet streams such as picture and one-way video in D2D Communication Mode 2 through the ProSe application will become one important use case for ProSe.
Transmission IP packet data other than voice in support of group communications over PC5 can be expected to have an associated priority level, albeit lower than for many voice groups in most cases.
If D2D radio resources for the PSCCH and PSSCH resource pool(s) or the newly created subchannels are partitioned into orthogonal TDM/FDM resource sets, any PC5 transmission associated with a given priority level will be confined to the use of the corresponding resources only.
To illustrate this by example, even for a generous SA/Data pool configuration with SA period of 80 ms and 16 available entire D2D data subframes using 12 PRB per subframe as a low-priority PSSCH pool, transmission rates for any type of picture or video traffic mapped to that pool would incur a severe penalty in terms of link budget and range due to TDM limiting the Eb/N0 that can be achieved per transmitted information bit. Note that this effect is independent from other penalizing aspects such as no feedback from receiver to transmitter available as by R12 D2D design. Even when the radio resources in vicinity are completely unused, low priority picture of video traffic could not be sent on the 10 MHz ProSe carrier at a data rate higher than some 500-600 kbps assuming QPSK and almost no channel coding.
Generally speaking, it would be desirable, if low priority PC5 traffic such as picture / video should be able to use most or all available radio resources on the ProSe carrier when ProSe radio resources are little or almost unused, such as when no or few speech channels are present, and it should immediately yield to higher priority traffic such a voice group channels appear. This implies some degree of dynamic resource allocation to be handled by the ProSe UE in Mode 2.
Clearly, it is possible to configure R12 SA/Data pools in a way that there is partial overlap of radio resources between the PSCCH and PSSCH resource pool(s). However, if the notion of priority is tied to the a given SA/Data pool or sub-channel thereof, any ongoing low priority PC5 transmission on these overlapping RBs part of different pools / subchannels would collide, i.e. prevent higher priority traffic from being transmitted.
One possibility to allow efficient multiplexing of low-priority traffic such as voice/video and high-priority traffic such as voice groups over PC5 would be the use persistence-controlled access parameters.
UEs determine whether SA resources are currently in use, in particular by higher priority transmitters. To illustrate this in an example, if a low priority IP packet is to be transmitted, this can only be done after drawing a random number from 0…1 where low priority packets can be sent if the random draw produces a result smaller than a threshold associated with the priority level, e.g. 0.2, whereas high priority packets may be transmitted already when the threshold is smaller 0.8. It should be noted that it is both the access probability and the number of empty SA resources for which the persistence based access control determines possibility of transmission that will result in that low priority ProSe traffic will end up using all available radio resources in absence of any concurrent high priority transmission.
Another possibility would be to consider dynamic pool sharing.
All SA resources in all SA pools can be selected for transmission by UEs for high priority D2D data. A subset of SA resources can be used by UEs for low priority D2D data. If the UE has low priority D2D data to transmit, the UE checks whether high priority D2D transmissions by other UEs are announced for the scheduling period from decoding the SAs. If it finds higher priority SAs, then it can determine transmission parameters corresponding to higher priority transmissions and only select SA and/or D2D data resources not in use by any concurrently ongoing high-priority ProSe transmission over PC5.
Finally, we think that it may be worthwhile to introduce already into R13 some form of priority and preemption indication for D2D Communications Mode 2. Priority indication carried in the PSCCH or as MAC CE on the PSSCH will greatly simplify UE receiver processing when decoding in presence of up to N (=16 subject to SA confirmation) priority levels. We note that in particular MCPTT control signaling for purposes such as floor control exchanged between the ProSe applications will benefit from timely processing of the associated PC5 packet exchanges. A preemption indication carried as one or two bit signalling flag on PSCCH can be used in a forward-compatible manner to reserve radio resources.
Both such approaches can be supported in conjunction with TDM/FDM resource partitioning of the SA and the D2D data radio resources, either by means of different pools, or by means of different orthogonal sub-channels created in an SA/D2D data pool.
The key aspect to consider is that lower priority picture or video traffic should not be confined to a particular subchannel or SA/Data pool in Mode 2 which would artificially throttle throughput and range to support such ProSe services. It may be possible to consider configuration of some SA/D2D data pools or virtual subchannels therein, the use of which is exclusively linked to a given priority level in the ProSe application. A second set of SA/Data pools, comprising a meaningful part of the available transmission bandwidth on the ProSe carrier would then be used for dynamic resource sharing.
Proposal 4:
Group priority handling for Mode 2 communication is supported through a resource pool allocation mechanism to map application/group/user priorities to PSCCH and PSSCH resource pool or subchannels.


Proposal 5:
Multiple allowed priority levels for Mode 2 communication can be mapped to a given PSCCH and PSSCH resource pool or subchannels.
Proposal 6:
A Dynamic pool sharing mechanism is supported in R13 eD2D.

Conclusion
In this contribution, we discuss our views on the assumptions that should guide the design of the R13 resource pool allocation mechanism to efficiently support group priority handling in R13 eD2D while allowing for efficient use of radio resources with ProSe type applications in later Releases. In summary, we propose…
Proposal 1:
Priority associated with the requested transmission of an IP packet over PC5 is determined by the ProSe application residing in the UE.
Proposal 2:
The determination of the priority level(s) by the ProSe application is out-of-scope for 3GPP normative work.
Proposal 3:
Priority level(s) associated with the requested transmission of an IP packet over PC5 are available in the UE access stratum.
Proposal 4:
Group priority handling for Mode 2 communication is supported through a resource pool allocation mechanism to map application/group/user priorities to PSCCH and PSSCH resource pool or subchannels.
Proposal 5:
Multiple allowed priority levels for Mode 2 communication can be mapped to a given PSCCH and PSSCH resource pool or subchannels.
Proposal 6:
A Dynamic pool sharing mechanism is supported in R13 eD2D.
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