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1. Introduction
In RAN1#94 meeting, the following agreements were made for NR sidelink resource allocation modes and Uu-based sidelink resource allocation techniques:

[image: image1]
In this contribution, we discuss about the strong and weak points of different Uu-based sidelink resource allocation techniques, considering the traffic types and requirements of advanced V2X services.


2. Traffic types of advanced V2X services  
Based on the SID [1], NR-V2X is expected to support the advanced V2X services specified in TR 22.186 [2] and TS 22.886 [3]. The traffic types of advanced V2X services include both periodic and event-driven traffic. For event-driven traffic, the requirements are listed in Table I. As shown in the table, the traffic volume ranges from 300 Bytes to 2000 Bytes. Moreover, the requirements are very stringent for some use cases, e.g., reliability requirement of 99.999% and latency requirement of 3 ms.
Table I. Requirements to supported use cases with event-driven traffic identified in TS 22.186.

	Use case
	Traffic type
	Payload (Bytes)
	Max end-to-end latency (ms)
	Relaibility

(%)
	Data rate (Mbps)
	Min required communication range (meters)

	Cooperative lane change 
	Event-driven
	300 - 400
	25
	90
	-
	-

	Emergency trajectory alignment
	Event-driven
	2000
	3
	99.999
	30
	500

	Sensor information sharing
	Periodic / Event-driven
	≧[1600]
	3
	99.999
	50
	200


Observation 1. Both periodic traffic and event-driven traffic need to be supported in NR-V2X.

Observation 2. The packet size of event-driven traffic is ranging from hundreds of Bytes to thousands of Bytes.

Observation 3. In some use cases, stringent reliability and latency requirements are defined for delivery of event-driven messages.
3. NR sidelink resource allocation techniques  
In this section, we discuss different options for NR sidelink resource allocation techniques, focusing on NR Uu.
3.1 Dynamic resource allocation
In LTE-V2X, dynamic resource allocation follows the SR-BSR procedure. In other words, if there is no available resource/grant when V2X traffic arrives at the VUE side, the VUE shall send SR for requesting PUSCH resources first, and then transmit sidelink (SL) BSR according to the received uplink (UL) grant. Based on the SL BSR, the eNB can schedule corresponding sidelink resources, accordingly. From the traffic arrival to the actual sidelink transmission, four steps of L1 signalling are evolved. From NR-V2X perspective, this scheme has the following pros and cons.
Cons:

· High latency. As been analysed in our companion contribution [4], the latency brought by L1 signalling transmission, L1 signalling processing, data transmission, data processing and frame alignment makes it impossible to fulfil the latency requirement of some NR-V2X use cases. 

· Signalling overhead issue. For periodic traffic, four steps of L1 signalling transmissions consume too much resource.

· Impact on reliability. The SR, UL grant, SL BSR, SL grant and sidelink data transmissions should meet the overall reliability target. 

Pros:

· Centralized resource allocation. It enables orthogonal / collision free sidelink resource allocation to ensure high reliability performance of sidelink data transmission.

· High flexibility. The resources are scheduled on a packet by packet basis. Therefore, it is suitable for event-driven traffic whose arrival time is unpredictable.

As pointed out in the previous section, in some use cases, it is required to deliver event-driven messages with high reliability and low latency. To achieve that, enhancements on latency reduction for dynamic resource allocation are vital.  To reduce latency, the following enhancements can be considered.
· Fast sidelink scheduling

A fast UL scheduling has already been supported for URLLC in Rel.15 NR. In this scheme, the base station can schedule UL resources for a VUE after receiving a SR without the reception of a followed BSR. Similar concept can be adopted to sidelink to enable fast sidelink scheduling, as depicted in Figure 1. An uplink control information (UCI) can be introduced for sidelink resource requesting. Such an UCI can be either a new type of UCI aside from HARQ-ACK, CSI and SR, or a sidelink specific SR. After receiving the UCI, the base station can schedule sidelink resources for a VUE without additional BSR transmission. The UCI may have multiple bits to carry information of packet size to help the base station to allocate sidelink resources. In such way, latency and signalling overhead can be reduced. Meanwhile, with reduced number of signalling transmissions, it is easier to achieve high reliability performance compared with the SR-BSR approach. The achievable latency of fast sidelink scheduling is analysed in the appendix. It is observed that the latency target of 3 ms can be achieved.
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Figure 1. Fast sidelink scheduling
· Sidelink bi-mode co-transmission

It is agreed to define two sidelink resource allocation modes for NR-V2X: 1) Mode 1 for base station schedules sidelink resources including dynamic resource allocation; 2) Mode 2 for VUE determines sidelink resources including VUE autonomous resource allocation. The former mode can guarantee high reliability at the cost of high signalling latency, as discussed above. The latter mode enables a quick sidelink transmission but has poor reliability performance. If mode 1 cooperates with mode 2 to enable a bi-mode sidelink transmission, their demerits can be supplementary overcome. In other words, the latency issue is solved by VUE autonomous resource allocation scheme, while reliability issue is solved by dynamic resource allocation scheme. Please refer to our companion contribution [5] for more details.

Proposal 1. 

· Dynamic resource allocation is supported at least for event-driven traffic.

· Consider the following enhancements to meet the stringent latency and reliability requirements for event-driven V2X traffic:

· Enable fast sidelink scheduling. Details of UCI design are FFS. 

· Consider sidelink bi-mode co-transmission as a candidate transmission scheme.
3.2 Semi-static resource allocation
There are two types of semi-static resource allocation:

1. RRC (pre-)configured: frequency resources and the corresponding periodicity are allocated by RRC signalling.
2. Activated / deactivated: RRC configured resources can be activated or deactivated by L1 signalling; i.e., the base station transmits L1 signalling to indicate that the configured frequency resources can be implicitly reused according to the periodicity defined by RRC, until deactivated.

Since resources are configured in a semi-static manner and the limited number of signalling transmissions are required, signalling overhead can be negligible. Therefore, semi-static resource allocation is suitable for periodic traffic.  For event-driven traffic, the following disadvantages become obvious:

· Low resource efficiency. Since the arrival time of packets and packet size are random, the probability of unutilized resources periodically (pre-)configured could be very high. Resource efficiency will be affected if VUEs are configured by orthogonal resources. Moreover, NR-V2X event-driven traffic usually has large packet size. For small packet size, it might be beneficial to sacrifice some resource efficiency for achieving low latency requirements. However, the benefit is not obvious for large packet size.

· Impact on reliability. To improve resource efficiency of semi-static resource allocation schemes, the resource sharing mechanisms can be introduced to enable multiple VUEs to share the same set of resources. However, in this situation, it is difficult to achieve the stringent reliability requirement of NR-V2X since that collision is inevitable.

Taking into account different types of NR-V2X traffic, the following enhancements can be considered. 

· Periodic traffic

· Orthogonal resource allocation mechanism considering half-duplex issue

Repetition transmission(s) is necessary for broadcast and groupcast V2X communications to mitigate the impact of half-duplex constraint. Therefore, semi-static configuration for periodic traffic should include resources for initial transmission and repetition(s). Moreover, these resources need to be carefully arranged to guarantee that each target receiver has at least one chance to receive broadcast / groupcast messages. Please refer to [6] for more details about the mechanism of semi-static resource allocation considering the half-duplex issue.

· Event-driven traffic

· Pre-empting the configured resources from low priority packet

Similar to LTE-V2X, each V2X packet can be associated with a priority which is related to delay budget. To handle the randomness in traffic parameters, it may permit the UE with the higher priority V2X traffic to use the resource which has already been configured to low priority traffic if there are no available / enough resources (please refer to our companion contribution [7] for more details).
· Resource sharing among UEs by LBT

Semi-static allocated resources can be shared among VUEs; i.e., the base station can configure a cell or group specific sidelink resource pool. An example of cell or group specific sidelink resource pool is illustrated in Figure 2. The pool is composed of predefined time frequency resources (e.g. m symbols x n subchannels). VUE can utilize resources inside this pool to transmit packets with different traffic types or priorities. The highest priority allows the transmitting VUE to select resources from the resource pool directly; while a lower priority requires the transmitting VUE to perform instantaneous carrier sensing (e.g., listen-before-talk (LBT) like) before it starts to transmit. Carrier sensing can be either energy measurement or SCI decoding. The length of carrier sensing can last several symbols and can be variable based on priorities of packets. For example, UE-1 is going to transmit a V2X packet with priority-0 (the highest priority). It can use resources from the resource pool without LBT. A packet with lower priority, e.g., UE-2’s packet with priority-1, can be transmitted on unused resources based on the result of instantaneous sensing. The base station can configure the resource pool to be shared within a small group area where the probability of collision caused by hidden terminal problem is small. With this instantaneous carrier sensing based resource sharing mechanism, semi-static resource allocation can be used for event-driven traffic without sacrificing resource efficiency.
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Figure 2. Instantaneous carrier sensing based resource sharing
Proposal 2. 

· Semi-static resource allocation is supported at least for periodic traffic. Details of resource allocation considering half-duplex issue are FFS.

· Consider the following enhancements about semi-static resource allocation for event-driven traffic:

· Pre-emption of configured resources. 

· Instantaneous carrier sensing based resource sharing mechanism.


4. Conclusion
In this contribution, we discussed different options of Uu-based sidelink resource allocation for NR-V2X. Tradeoffs in terms of latency, signaling overhead and reliability are discussed and potential enhancements are proposed. The following observations and proposals are made:
Observation 1. Both periodic traffic and event-driven traffic need to be supported in NR-V2X.

Observation 2. The packet size of event-driven traffic is ranging from hundreds of Bytes to thousands of Bytes.

Observation 3. In some use cases, stringent reliability and latency requirements are defined for delivery event-driven messages.

Proposal 1. 

· Dynamic resource allocation is supported at least for event-driven traffic.

· Consider the following enhancements to meet the stringent latency and reliability requirements for event-driven V2X traffic:

· Enable fast sidelink scheduling. Details of UCI design are FFS. 

· Consider sidelink Bi-mode co-transmission as a candidate transmission scheme.

Proposal 2. 

· Semi-static resource allocation is supported at least for periodic traffic. Details of resource allocation considering half-duplex issue are FFS.

· Consider the following enhancements about semi-static resource allocation for event-driven traffic:

· Pre-emption of configured resources. 

· Instantaneous carrier sensing based resource sharing mechanism.
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6. Appendix. Latency performance of fast sidelink scheduling
In this section, we analyze the latency performance of fast scheduling scheme in two cases: TDD and FDD. Figure 3 shows an example of fast sidelink scheduling in a NR TDD network. The slot duration on Uu is 0.5 ms based on 30 kHz SCS. We assume that for a slot, the first 6 symbols are configured as DL symbols for PDCCH and PDSCH transmissions and the last 7 symbols are configured as UL symbols for PUCCH and PUSCH transmissions. The rest symbol is configured as guard period between DL and UL. As for the configuration of sidelink, the slot duration is 0.5 ms as well. The achievable latency corresponding to the TDD example shown in Figure 3 is summarized in Table II. For the case of a FDD network, we assume that the time duration for PUCCH, PUSCH and PDCCH transmissions are configured same as the TDD case. Table III gives the latency performance for the FDD network case. Here, we assume that the UE has one opportunity in each slot to transmit UCI to request sidelink resources. Moreover, the assumption of SL TB preparation capabilities is based on the PUSCH preparation timing capability 2 [8]. 

As can be seen from Table II and Table III, the latency target of 3 ms can be acheived by the fast sidelink scheduling scheme.
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Figure 3. Procedure of fast sidelink scheduling

Table II. Achievable latency for fast sidelink scheduling (TDD)

	Step
	Description
	Delay (ms)

	1
	Average waiting time for PUCCH (=1/2 UCI period)
	0.25

	2
	VUE sends UCI on PUCCH 
	0.25

	3
	gNB processing delay (gNB decodes UCI and generates SL grant) + time alignment
	0.5

	4
	gNB transmits SL grant
	0.11

	5
	VUE processing delay (VUE decodes SL grant and encodes SL data) + slot alignement
	0.39 

	6
	UE sends SL data
	0.5

	
	Total delay (ms)
	2


Table III. Achievable latency for fast sidelink scheduling (FDD)

	Step
	Description
	Delay (ms)

	1
	Average waiting time for PUCCH (=1/2 UCI period)
	0.25

	2
	VUE sends UCI on PUCCH 
	0.25

	3
	gNB processing delay (gNB decodes UCI and generates SL grant) + time alignment
	0.25

	4
	gNB transmits SL grant
	0.11

	5
	VUE processing delay (VUE decodes SL grant and encodes SL data) + slot alignement
	0.39 

	10
	UE sends SL data
	0.5

	
	Total delay (ms)
	1.75


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


UE autonomously selects sidelink resource for transmission


UE assists sidelink resource selection for other UE(s)


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


UE schedules sidelink transmissions of other UEs


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





Agreements:


Study at least the following NR sidelink resource allocation techniques:


Dynamic resource allocation


Activation/deactivation based


E.g., semi-persistent scheduling allocation or NR grant free type-2 


RRC (pre-)configured


E.g., configured NR grant type-1, UE autonomous selection of resource(s) from resources configured by RRC


RAN1 will study the level of network control, e.g., whether the UE may select other parameters (e.g., MCS) and/or the exact transmission resources, and whether the selection is autonomous or not












