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Introduction  
Ever since the start of the NR V2X SI, there has been substantial discussion on support of unicast, groupcast and broadcast transmission. After RAN2#104 meeting, an email discussion as initiated to discuss, among other things, the resource pool configuration options considering different cast types/modes of operation to be supported in NR V2X. From the conclusion [1], it seems like there was no consensus on some key issues and the rapporteur proposed to delay further discussion to the WI phase. Therefore, in this paper, we discuss some of those aspects in an attempt to clarify and make some progress.
Discussion
1.1 Resource allocation/configuration for unicast operation

Since the fundamental difference between broadcast and unicast/groupcast transmissions is based on whether they are addressed for a specific UE or a set of UE (which have been determined previously during the connection establishment procedure), this gives rise to the question whether the physical resources utilized for V2X transmissions are dedicated or shared with those used for broadcast transmissions. With the advanced use cases and stringent requirements, unicast transmissions are expected to be used for high reliability and low latency cases, e.g. extended sensor sharing and remote driving [2]. In such cases, it is imperative that transmissions from UEs for these use cases/V2X services are afforded the appropriate set of resources and QoS necessary for proper operation. 
Observation 1:	For unicast operation, a suitable set of sidelink resources needs to be ensured in order to meet the stringent QoS requirements for advanced V2X use cases.
In this regard, the question was raised for mode 2 operation on whether there is a need to consider separate and/or dedicated resource pools for unicast, groupcast and broadcast use cases. In our view, we should first have a clear terminology to remove any ambiguity before making further progress. In that vein, we have two following aspects:
1) Does NR V2X support configuration of common resource pools which are applicable for unicast, groupcast and broadcast? In other words, the gNB can configure a common resource pool for mode 2 UEs and any UE, regardless of whether it intends to perform unicast, groupcast or broadcast operation, can utilize all resources therein?
2) Does NR V2X support configuration of dedicated resource pools depending on cast type? In other words, can the gNB configure a resource pool for mode 2 operation only to be used by UEs if they are performing unicast transmissions? Note that in general, while groupcast case might be less motivated due to lower QoS requirements, it can also be considered.
Before attempting to address the questions themselves, a more fundamental question of resource pool configuration has to be addressed. Specifically, the selection of TX parameters (e.g. MCS ranges, PRB number) for a given resource pool and the dependence on channel congestion has to be discussed. In LTE, this was based on configured mapping between PSSCH parameters, CBR ranges and PPPP ranges (in SL-CBR-PPPP-TxConfigList), with the underlying principle that higher priority packets can take precedence for transmission over low priority ones (through differing applicable CBR ranges). The same principle should be applicable for NR as well, with PPPP replaced by the generalized QoS metric derived from PQI (as defined from SA2) and using the RAN1 defined congestion metric [3]. The detailed design can be left to the WI phase, but RAN2 should at least agree to the general principle of TX pool configuration being based on QoS information as well as channel congestion. This associated configuration for a range of QoS parameters can either based on or derived from PQI values (to be defined by SA2).
Proposal 1:	RAN2 shall discuss and confirm that the resource pool configuration for NR V2X sidelink shall be based on QoS information (such as PC5 5QI) and the congestion metric (as defined by RAN1), using the LTE resource pool configuration design as baseline.
Coming back to the questions above, in our view, the answer to question 1 should be yes anyway, since that is a generalized behaviour and is expected for normal NR V2X operation. The critical question then, is whether, in addition to common resource pool configuration, should the case of dedicated resource pool per cast type be considered as well (as in question 2). Regarding the motivation for question 2, it is based on the assumption that a V2X application’s need for establishing a unicast link is independent of its mode of operation (mode 1 vs mode 2). In other words, resource configuration design should be such that a UE should have the freedom to use mode 1 or mode 2 to meet QoS requirements of any of the advanced V2X services. Based on this assumption, it can be beneficial for the overall system operation if separate, non-overlapped resources are allocated for unicast transmissions. The other thing to consider is that even with various sidelink enhancements being considered to target the unicast case (e.g. HARQ feedback, RLC AM, etc.), the underlying set of physical resources itself goes a long way in determining if the QoS requirements can be met. So, we think that at least for unicast operation, in addition to common resource pool configuration (i.e. regardless of cast type), it would be useful to consider dedicated resource pools for unicast V2X communication over sidelink. This can ensure reduced contention with broadcast traffic. As pointed out by some companies, this can impact the resource usage efficiency adversely, but the gNB can always choose whether or not to configure the dedicated pools. For instance, traffic hotspots can be identified, e.g. on highway ramps where it is expected that a high density of UEs would likely be involved in unicast communication and resource pools configured accordingly. On the other hand, the case of groupcast is less motivated from QoS perspective and needs further discussion, based on the dynamicity of the group/platoon formation. While RAN1 is also discussing this aspect, it would be worthwhile discussing and agreeing to this in RAN2.
Proposal 2:	Pending RAN1 input, the use of separate/dedicated sidelink resources for unicast (FFS groupcast) transmissions should be adopted for NR V2X.
In the case of only common/shared resource pool being configured, the question is whether unicast traffic should be subject to the same priority rules as broadcast traffic. In our view, one of the main reasons why a V2X application at a given UE would set up a unicast connection is to meet specific QoS requirements it is not expected/able to otherwise meet using broadcast operation. From that sense, unicast traffic inherently corresponds to a higher overall “priority” than broadcast traffic (note that priority here does not refer to any specific QoS parameter but the general need for this traffic to be dealt with a higher urgency compared with broadcast traffic). In order to accomplish this, the corresponding set of rules as discussed earlier for mapping TX parameters to QoS and congestion (similar to CBR-PPPP mapping in LTE) for unicast traffic should in general be configured differently from broadcast traffic. For instance, for the same set of resources and a given congestion level, TX parameters in case of unicast traffic can be configured separately than that for broadcast to ensure differential treatment.   
Proposal 3:	For the case of common/shared resource pools, separate TX pool configuration shall be applied for unicast vs broadcast traffic (for the same TX pool) in mode 2 operation.

1.2 System information design

A related aspect to resource pool configuration for unicast, groupcast and broadcast for V2X is the impact on system information design in order to carry such configuration in a cell-specific manner. The following agreement regarding SI design for NR V2X was made in the last RAN2 meeting [4]:
2:	As in LTE, V2X-specific SIB(s) is needed for NR V2X. It is FFS by RAN2 whether V2X-specific SI should be on-demand SI or not for a cell supporting V2X sidelink communication in NR.

In LTE, during Rel-15 work, new system information block (SIB) had to be defined to carry essential configuration from V2X since the pre-existing SIB21 was already quite bloated. Therefore, SIB26 was defined and contains further V2X sidelink configurations, which are used jointly with those included in SIB21. For NR, the same principle might be applicable, i.e. across future releases, considering the number of cast dependent features and support of unicast, groupcast and broadcast operation over sidelink, it would be beneficial to have a modular design for system information blocks. While there can be different ways of accomplishing this, the most logical way is to consider dividing up the configuration information based on the cast type. As discussed above, the following can be considered:
· A separate SIB containing configuration for V2X sidelink communication specifically using broadcast operation
· A separate SIB which contains configuration for V2X sidelink communication using unicast (and optionally groupcast) operation.
Note that this can be done independently of whether separate/dedicate resource pools are configured for unicast vs groupcast/broadcast. For instance, in case of shared resource pools, the configuration itself, e.g. the TX parameter configuration (e.g. MCS ranges, PRB number) and the dependence on channel congestion for a given cast type can be configured independently in different SIBs. The UE, depending on whether it intends to perform unicast or broadcast transmission, can select the appropriate configuration by acquiring the relevant SIB. This cast-dependent configuration has several advantages, including affording resource allocation/configuration flexibility to the gNB, usage of “delta” configuration for shared resource pools (where only the different configuration needs to be included in the other SIB), possibility of independent configuration for synchronization frequencies and packet duplication for UEs in unicast and broadcast. 
Another important factor for defining separate SIBs for unicast vs broadcast traffic depends on the perceived availability of the broadcasted system information within a cell. One attractive feature in NR is the notion of on-demand SI, whereby instead of broadcasting all SIBs, the gNB only transmits certain SIs after reception of a SI request from a particular UE. For an IDLE mode UE, it can use specific RACH resource and/or preambles to send a request to the gNB, which can then acknowledge and transmit the requested SIB. This framework is already in place for NR and is ideally suited for the V2X case. Using the above method of dividing system information for V2X configuration into separate blocks for unicast and broadcast operation, the SIB containing configuration for unicast operation can be transmitted on demand (rather than always broadcast). This also reduces the signalling overhead at the gNB side and ultimately, it can choose whether to include this SIB in the list of SIBs to be indicated as on-demand in the SI-SchedulingInfo IE.
Proposal 4:	RAN2 shall consider defining separate SIBs to carry separate configuration applicable for unicast vs broadcast communication for NR V2X over sidelink.
Proposal 5:	The use of on-demand SI shall be supported to carry delta configuration for NR V2X, e.g. depending on cast type.
Conclusion
[bookmark: _Ref458739888]This contributions discusses aspects related to resource allocation and configuration for both broadcast and unicast communication over sidelink and makes the following observations and proposals:
Observation 1:	For unicast operation, a suitable set of sidelink resources needs to be ensured in order to meet the stringent QoS requirements for advanced V2X use cases.
Proposal 1:	RAN2 shall discuss and confirm that the resource pool configuration for NR V2X sidelink shall be based on QoS information (such as PC5 5QI) and the congestion metric (as defined by RAN1), using the LTE resource pool configuration design as baseline.
Proposal 2:	Pending RAN1 input, the use of separate/dedicated sidelink resources for unicast (FFS groupcast) transmissions should be adopted for NR V2X.
Proposal 3:	For the case of common/shared resource pools, separate TX pool configuration shall be applied for unicast vs broadcast traffic (for the same TX pool) in mode 2 operation.
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