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1. Introduction & Background

In the RAN1#94 meeting, sidelink resource allocation mechanism was discussed and agreed as follows [1].

	Agreements:

· At least two sidelink resource allocation modes are defined for NR-V2X sidelink communication

· Mode 1: Base station schedules sidelink resource(s) to be used by UE for sidelink transmission(s)

· Mode 2: UE determines (i.e. base station does not schedule) sidelink transmission resource(s) within sidelink resources configured by base station/network or pre-configured sidelink resources

Notes:

· eNB control of NR sidelink and gNB control of LTE sidelink resources will be separately considered in corresponding agenda items. 

· Mode-2 definition covers potential sidelink radio-layer functionality or resource allocation sub-modes (subject to further refinement including merging of some or all of them) where

a) UE autonomously selects sidelink resource for transmission

b) UE assists sidelink resource selection for other UE(s)

c) UE is configured with NR configured grant (type-1 like) for sidelink transmission

d) UE schedules sidelink transmissions of other UEs

· RAN1 to continue study details of resource allocation modes for NR-V2X sidelink communication


It is noticeable that, similarly to LTE sidelink, the mode 1 and mode 2 concepts are reused for NW schedulled resource and UE selecting resource by NR sidelink. However, the resource allocation mechanism may need enhancement in comparison to exsiting techniques for LTE sidelink. In this contribution, we discuss more details about the sidelink resource allocation mechanism for the two modes and give our proposals.
2. Discussion
2.1. Mode 1 

In LTE sidelink, the UE supporting NW scheduled resource allocation is characterized as follows [2]. 
	-
Scheduled resource allocation is characterized by:

-
The UE needs to be RRC_CONNECTED in order to transmit data;

-
The UE requests transmission resources from the eNB. The eNB schedules transmission resources for transmission of sidelink control information and data;

-
The UE sends a scheduling request (D-SR or Random Access) to the eNB followed by a Sidelink BSR. Based on the Sidelink BSR the eNB can determine that the UE has data for a sidelink communication transmission and estimate the resources needed for transmission. eNB can schedule transmission resources for sidelink communication using configured SL-RNTI.


We believe the above main idea can be largely reused to support mode 1 in NR sidelink. However, the NR sidelink is targeted to support advanced V2X service which has more varied traffic types with more strigent QoS requirement e.g., lower end-to-end latency, higher data rate, higher reliability, minimum required communication range, etc. Potentially, different kinds of transmission (i.e., unicast, groupcast and broadcast) are targeted for different QoS KPIs. Furthermore, RAN1 has already started some fundatentally different physical layer design for unicast and/or groupcast. for example, HARQ feedback, CSI and link adaption. From higher layer perspective, in order to assign the proper sidelink resource for different kinds of transmission, the sidelink BSR should indicate not only the buffer size but also the transmission type of the data. If more than one unicast (or groupcast) links are supported in a UE, the sidelink BSR report from that UE should also indicate which link the data belongs to. Otherwise, the NW may not be able to schedule the suitable radio resource for transmission and reception. A new NR Sidelink BSR should be considered. There are potentially two ways to design the NR sidelink BSR: 
a) referring to the NR Uu BSR.

b) considering existing LTE sidelink BSR. 
In our understanding, both ways should be taken into consideration. On one hand, in NR Uu BSR, the range of buffer size level has been extended to meet higher QoS requirement e.g., payload and data rate. The granularity of the LCG has also been extended to prioritize more serivice types in the LCP procedure within one UE. These characteristics should be kept when designing NR sidelink BSR.
On the other hand, in LTE sidelink BSR, there is an additional filed called destination index to differentiate targeted services. The targeted services in LTE are mostly broadcast-based. While in NR sidelink we will have sidelink unicast and groupcast communication in addition to sidelink broadcast communication. As mentioned above, to achieve better radio resource(s) efficiency from the NW the UE should be able to indicate the amount of data separately for sidelink unicast, groupcast and broadcast. The existing destination index field is not enough to reflect such information. Further studies may be needed to design the new NR sidelink BSR mechanism.
Proposal 1: New NR sidelink BSR mechanism should be studied such that the gNB can derive the following information.
· the amount of data.
· destination ID or destination group ID.
· LCG ID.
· transmission types i.e., unicast, groupcast and broadcast. 
· QoS information e.g., latency, reliability etc.
In order to support dynamic resource allocation, a new DCI format should be introduced in NR Uu to schedule the sidelink transmission. This DCI format would be a UE-specific DCI. Thus the non-fallback uplink grant (i.e., DCI 0_1) can be considered as the baseline for the dynamic sidelink grant, while the details still need further study. At least a sidelink RNTI would be introduced in NR for reception of this dynamic sidelink grant.
Proposal  2: A SL-RNTI should be introduced in NR for reception of NR dynamic sidelink grant.
Semi-persistent scheduling allocation in sidelink is supported in LTE V2X, which is proven to reduce the control overhead for sidelink transmission, especially for periodical traffic. It seems beneficial to be also supported in NR. In order to support low latency sidelink service, the configured uplink grant type-2 can be used, instead of the downlink SPS. As RAN1#94bis meeting already agreed in the Uu that NR V2X supports having multiple active UL configured grants in a given BWP in a given cell [4] for periodic traffic, multiple active configured grants can also be applicable to sidelink to support periodic traffic. 
Proposal  3: Multiple active semi-persistent scheduling allocations are supported for NR sidelink.
2.2. Mode 2 

· Resource pool and BWP

At least resource pool is supported for NR sidelink according to the last RAN1#94bis meeting, but whether to introduce BWP is still FFS. In NR protocol, many concepts are defined on top of BWP, if NR sidelink is designed without the definition of BWP, it may result in significant specification modification. Therefore, we prefer to introduce the concept of BWP.
Proposal  4: The concept of BWP should be confirmed in NR sidelink.

 In NR Uu interface, the BWP concept has been introduced for the wider bandwidth operation. Meanwhile, the resource pool concept has been defined within a carrier in LTE sidelink. Based on the observations, it makes sense that in NR sidelink, one or multiple resource pools can be allocated in different BWPs of one carrier.
Proposal  5: In NR sidelink, resource pools can be configured per different BWP of one carrier.
· Numerologies
According to the discussion on numerology in RAN1#94bis meeting, baseline is that a UE is not required to receive sidelink transmissions using different SCSs simultaneously in a given carrier and a UE is not required to transmit sidelink transmissions using different SCSs simultaneously in a given carrier. In this case, BWP can be configured in replace of the carrier in LTE, also, SCS can be defined per BWP like NR. 

Nevertheless, in some cases where different requirements (e.g., low latency and large coverage) traffic are generated, different numerology would be needed to satisfy the QoS performance. In general, we assume that UE supports multiple resource pools at the same time. The following configuration can be considered:

· One BWP activates at a time, SCS is configured per BWP, different types of traffic are TDMed. In this case, UE needs to perform BWP switching to support different SCS.

· One BWP activates at a time, multiple resource pools are configured in BWP, SCS is configured in the resource pool. If UE can support different SCS at the same time, UE can support multiple resource pools configured with different SCS. In this case, SCS configured in resource pool is beneficial.

Proposal 6: SCS configured per Sidelink BWP or per resource pool should be studied to satisfy different QoS requirements (e.g., low latency and large coverage).
· Service multiplex
Different kinds of traffic i.e., Sidelink unicast, groupcast and broadcast can be running within one UE at a given time. One transmission method is that different kinds of traffic occupy different resource pools. It means that resource pool(s) may be transmission type specific. However, given that the resource is semi-statically allocated. And the traffic load for each transmission type is dynamically changing. It probably leads to payload imbalance in different resource pools which may decrease the performance of the system. Another method is unicast, groupcast and broadcast services can be multiplexed in the same resource pool. In this case, the resource pool used to transmit unicast or broadcast can be dynamically shared. It works better to adapt to dynamic traffic. Therefore, we prefer unicast, groupcast and broadcast can share the same resource pool. 

Proposal 7: Unicast, groupcast and broadcast transmission multiplexed in the same resource pool should be further studied.
3. Conclusion

In this contribution, we mainly discuss the potential resource allocation enhancement for mode 1 and mode 2 and give our proposals as below. 

For Mode 1: 
Proposal 1: New NR sidelink BSR mechanism should be studied such that the gNB can derive the following information.
· the amount of data.
· destination ID or destination group ID.

· LCG ID.
· transmission types i.e., unicast, groupcast and broadcast. 
· QoS information e.g., latency, reliability etc.
Proposal  2: A SL-RNTI should be introduced in NR for reception of NR dynamic sidelink grant.
Proposal  3: Multiple active semi-persistent scheduling allocations are supported for NR sidelink.
For Mode 2:
Proposal  4: The concept of BWP should be confirmed in NR sidelink.
Proposal  5: In NR sidelink, resource pools can be configured per different BWP of one carrier.
Proposal 6: SCS configured per Sidelink BWP or per resource pool should be studied to satisfy different QoS requirements (e.g., low latency and large coverage).
Proposal 7: Unicast, groupcast and broadcast transmission multiplexed in the same resource pool should be further studied.
Reference

[1] 3GPP RAN1#94 Chairman Notes.

[2] 3GPP TS 36.300 V15.2.0.

[3] 3GPP TR37.885 V15.0.0.
[4] 3GPP RAN1#94bis Chairman Notes.
