3GPP TSG RAN WG1 Ad-Hoc Meeting 1901		R1-1900120
Taipei, 21st - 25th January, 2019

Source:	vivo
Title:	Discussion on resource allocation mechanism for NR V2X
Agenda Item:	7.2.4.1.4
Document for:	Discussion and Decision
1. [bookmark: _Ref490222521][bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction
[bookmark: OLE_LINK7]In RAN Plenary meeting #80, the study item of NR based V2X was agreed [1]. The SID indicates NR V2X would support advanced V2X services defined by SA1 and the consolidated requirements for each use case group are captured in TR 22.886 [2]. NR V2X on PC5 is subject to more stringent requirements than that for LTE V2X. The important aspects are considered as below:
· Lower end-to-end latency
· Higher data rate
· Higher reliability
In the RAN1 #95 meeting, the following agreements were achieved:
Agreements:
Sensing procedure is defined as SCI decoding from other UEs and/or sidelink measurements
· FFS information extracted from SCI decoding
· FFS sidelink measurements used
· FFS UE behavior and timescale of sensing procedure
· Note: It is up to further discussion whether SFCI is to be used in sensing procedure
· Note: Sensing procedure can be discussed in the context of other modes
Resource (re)-selection procedure uses results of sensing procedure to determine resource(s) for sidelink transmission
· FFS timescale and conditions for resource selection or re-selection
· FFS resource selection / re-selection details for PSCCH and PSSCH transmissions
· FFS details for PSFCH (e.g. whether resource (re)-selection procedure based on sensing is used or there is a dependency/association b/w PSCCH/PSSCH and PSFCH resource)
· FFS impact of sidelink QoS attributes on resource selection / re-selection procedure
For Mode-2(a), the following schemes for resource selection are evaluated, including
· Semi-persistent scheme: resource(s) are selected for multiple transmissions of different TBs 
· Dynamic scheme: resource(s) are selected for each TB transmission

Agreements:
Mode-2(b) to be studied as a functionality that can be a part of Mode-2(a)(c)(d) operation, when one UE assists sidelink resource selection for other UE(s)
Note: Mode-2(b) is not supported/studied as a standalone sidelink resource allocation mode

Agreements:
· For out of coverage operation, Mode-2(c) assumes (pre)-configuration of single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool). 
· For in-coverage operation, Mode-2(c) assumes that gNB configuration indicates single or multiple sidelink transmission patterns (patterns are defined on each sidelink resource pool)
· FFS pattern design in time and frequency for periodic and aperiodic traffic
· If single pattern is configured to transmitting UE there is no sensing procedure executed by UE
· If multiple patterns are configured to transmitting UE there is a possibility of sensing procedure executed by UE
· Pattern is defined as follows
· Size of the resource in time and frequency
· Position(s) of the resource in time and frequency
· Number of resources
· FFS pattern selection procedure by UE
Agreements:
For Mode-2(d) operation, further study the following potential radio-layer procedures including at least the following
· Procedures to become/serve as a scheduling UE for in-coverage and out-of-coverage scenarios
· The following options are identified for further study:
· Scheduling UE is configured by gNB
· Application layer or pre-configuration selects scheduling UE
· Receiver UE schedules transmissions of the transmitter UE during the session
· Scheduling UE is decided by multiple UEs including the one that is finally selected
· UE may autonomously decide to serve as a scheduling UE (self-nomination) / offer scheduling UE functions
In this contribution, firstly, we analyze the functionalities of different sub-modes in mode 2. Then, we focus on the discussion of resource allocation mechanism for mode 2(a), especially on resource allocation mechanisms for periodic and aperiodic traffic.
2. Sub-modes of mode 2 resource allocation
According to the definition of mode 2, there are four sub-modes defined. Mode 2(b) was agreed as a functionality that can be a part of Mode-2(a)(c)(d) operation. In this section, we further discuss the functionality of each mode and the necessity of the remaining sub-modes needs to be further studied.
2.1. Mode 2(a) 
In mode 2(a), a UE needs to decode sidelink control information or to perform sidelink measurement in order to identify the sidelink resources occupied by other UEs. Then, the UE selects resources for PSCCH and PSSCH or PSFCH based on the sensing results. For periodic traffic, it is similar to the resource allocation mechanism in LTE mode 4. Nevertheless, the requirement of advanced V2X is more stringent than that of LTE. Some enhancements are necessary, which are discussed in the next section. For aperiodic traffic, it needs another mechanism to select the resource to avoid resource collision.
For mode 2(a), the key is that the transmitter UE decides the resource for sidelink transmission. In LTE, the candidate resource is based on the sensing results of transmitter UE. It can work well when the environment of the transmitter UE is similar to that of the receiver UE. In NR V2X, the interference would become much divergent, the variation of sensing results between the transmitter UE and the receiver UE may be significant. It would be beneficial for other UEs to provide additional information to the transmitter UE for resource selection.
[bookmark: _Ref534819883]Observation 1: Assistance information from other UEs may be beneficial for sensing procedure in mode2 (a).
2.2. Mode 2(c) 
In mode 2(c), a UE performs pattern-based transmission in sidelink. When a UE is in the network coverage, the patterns can be configured by RRC signaling which is identical to mode 1 procedure. It may be an enhancement for V2X mode 1 to reduce the overhead of signaling and lower the probability of collision in the system. If the UE is out of coverage, the patterns can be pre-configured and selected by sensing. In this case, it is quite similar to mode 2(a) with dedicated resources, but useful to mitigate the half-duplex issue. 
The main problem of mode 2(c) is how to define and select the resource pattern. The size of the pattern period (consequently the number of distinct patterns) may be the most important factor to avoid collision. However, it depends on the number of transmitting UEs in the environment, which is unpredictable and dynamically varying. If the number of transmitters exceeds the number of distinct patterns, a persistent collision between UEs happens. In this case, the performance (e.g. PRR) may be much worse than that of mode 2(a), and the half-duplex issue is not avoidable. 
It seems that the pattern period and the position of resource within the pattern are semi-statically determined. So it is unclear how the above-mentioned issue can be resolved. Further, a pre-configured pattern can hardly adapt to different deployment scenarios, for example, the UE density and distribution in highway differ from that in urban scenario significantly. Finally, it is not clear if different UEs having different size of patterns can work together in the same resource pool.
[bookmark: _Ref528918405][bookmark: _Ref535042354]Proposal 1: Further study is needed for the issues identified for Mode 2(c), e.g. how to define and select the resource pattern, how to change the pattern and how to support coexistence of UEs having different size of patterns.
2.3. Mode 2(d) 
In mode 2(d), the scheduling UE is responsible to allocate resources for the transmitter UE and/or the receiver UE. When the scheduling UE disappears, it can fallback to mode 2(a) or reselect a scheduling UE. One of the typical scenarios is platooning, in which the head vehicle allocates resource for member vehicles. Besides, the candidate resource set may also be configured by gNB. Compared to mode 2(a), its potential benefit is to relax the restriction of half-duplex and to improve the performance, which can be coordinated by the scheduling UE when UE is out of coverage. Another typical scenario is the UE-type RSU, which can be regarded as a proxy gNB to some extent. The scheduling UE coordinates the resource for different UEs to avoid collision. For different groups, the scheduling UEs may be sensing or by (pre-)configuration coordinating the resource to reduce the collision between groups. 
In each scenario, the scheduling UE is determined according to the application. Moreover, the group management is done in the upper layer as agreed in RAN2. Therefore, in our view, the selection of scheduling UE is up to application layer, or by OAM configuration. A leader election algorithm in the distributed Ad-Hoc network is too complicated in the physical layer and/or data link layer. It is difficult to guarantee the consistency and reliability of the election at the same time. The delay and service outage caused by the election procedure may be another important issue. Finally yet importantly, how to ensure the security for the election is also a critical issue.
The association between the scheduling UE and the scheduled UE can reuse the procedure of link establishment of unicast transmission. However, mode 2(d) requires member UE to report information to the scheduling UE or even to other member UEs. How to transmit the reported information without a significant increase in overhead should be further studied. 
Another specific form of mode 2(d) is that the receiver UE schedules transmissions of the transmitter UE in the unicast manner. In this case, there is no additional procedure needed to determine or select a scheduling UE; instead, each receiver UE is the scheduler of the transmitter UE. 
[bookmark: _Ref534876436]Observation 2: Mode 2(d) is beneficial for relaxing the restriction of half-duplex and improving the performance without dynamic network control.
[bookmark: _Ref535003101][bookmark: _Ref535042360]Proposal 2: In mode 2(d), the selection of scheduling UE is up to application layer or by OAM configuration.
[bookmark: _Ref535003145][bookmark: _Ref535042364]Proposal 3: Further study is needed for the issues for mode 2(d), e.g. how to ensure the security for the election of scheduling UE and how to transmit the reported information without a significant increase in overhead.
3. [bookmark: OLE_LINK5][bookmark: OLE_LINK6]Resource allocation for mode 2(a)
It is noted that mode 2(a) is the baseline mode in NR V2X. It should support periodic and aperiodic traffic. The most stringent latency requirement in NR V2X is 3ms. For aperiodic traffic, if the semi-static resource allocation mechanism is enhanced as shortening the reservation period to satisfy the latency as in LTE V2X, it may increase the probability of the resource collision between different UEs. Then, it reduces the resource efficiency as we analyzed in our previous contribution [5]. 
Therefore, in our view, for periodic traffic, semi-static resource reservation mechanism can be enhanced to supported advanced V2X service in NR V2X. However, for aperiodic traffic, dynamic resource allocation should be defined to balance the performance of UE and the system efficiency.
[bookmark: _Ref534819816]Proposal 4: Dynamic resource reservation mechanism is required to support aperiodic traffic.
In the following, we analyze the resource allocation mechanisms for semi-static resource reservation and dynamic resource reservation.
3.1. Semi-static resource allocation mechanism 
· Multi-slot scheduling
In NR V2X, for periodic traffic, the packet size may be up to 60000 bytes based on the assumption defined in TR 37.885 [3]. In this case, the one-slot resource reservation may not be enough. Therefore, multi-slot scheduling needs to be supported to transmit the large packet. In another aspect, the reliability requirement in NR V2X needs to be 99.999% in some scenarios like emergency trajectory alignment and a higher degree of automation. Multi-slot scheduling can be used for repetition as that in NR Uu to increase the reliability and to reduce the latency. Furthermore, FR2 is in the scope of NR V2X SI. If the broadcast is supported, multi-slot will be beneficial for fast beam sweeping. As a consequence, multi-slot scheduling should be supported in NR V2X. One example of multi-slot scheduling is illustrated in Figure 1:
[image: ]
[bookmark: _Ref534812338]Figure 1 Multi-slot scheduling
[bookmark: _Ref534819835]Proposal 5: Multi-slot scheduling should be supported in NR V2X.
· Identification of occupied resource
In LTE V2X, only broadcast service is available. UE reserves resource based on the results of sidelink control information (SCI) decoding and sidelink measurement in the sensing window. However, in NR V2X, data can transmit in unicast, groupcast or broadcast manner, and the QoS models are different between them. Moreover, HARQ feedback is not used for broadcast. Therefore, the resource allocation procedure may need to take into account the transmission type, for example, to prioritize the broadcast transmission, or to enable MU-MIMO like transmission between unicast UEs. Therefore, we propose that transmission type should be considered when sensing procedure is performed.
[bookmark: _Ref534819839]Proposal 6: Transmission type of unicast, groupcast and broadcast should be taken into consideration in resource reservation.
In order to avoid collision among UEs, it should identify whether a resource is occupied or not. If periodic and aperiodic traffic transmits in the same resource pool, for semi-static resource reservation, the occupied resource can be identified by the result of SCI decoding, while the interference level can be deduced from the RSRP measurement for the associated PSSCH.  
[bookmark: _Ref534819843]Proposal 7: SCI decoding and RSRP measurement for the associated PSSCH should be considered in semi-static resource allocation in NR V2X.

3.2. Dynamic resource allocation mechanism
According to the analysis, dynamic resource allocation mechanism should be designed. 
· One-shot transmission
One-shot transmission can work for aperiodic service. A UE performs a small scale of sensing within a sensing window in addition to the normal one. The duration of the second sensing window can be defined based on the latency requirement. At first, each UE decodes SCI slot by slot to get the scheduling information which includes the priority and detailed resource allocation information. If the decoded priority is lower than itself, it treats the resource as a candidate resource. Besides, if other UE reserve several slots but only use part of them according to the actual arriving packet size, a UE can reuse the unoccupied resources according to the resource allocation. Then, a UE can select resources from its candidate resources. One example is illustrated in Figure 2.
[image: ]
[bookmark: _Ref535023196][bookmark: _Ref535023192]Figure 2 one-shot transmission mechanism
This mechanism balances the reliability and the latency. In order to support small scale sensing, it should support cross-slot scheduling to indicate other UEs the reserved resource, as illustrated in Figure 3. Some simulation results of this scheme are provided in section 4.


[bookmark: _Ref534812379]Figure 3 Cross-slot scheduling
[bookmark: _Ref534819848]Proposal 8: Cross-slot scheduling should be supported in dynamic resource reservation to reduce collision in NR V2X.
[bookmark: _Ref535003195]Proposal 9: Priority and resource allocation information should be included in SCI to identify the occupied resource.

· Counter-based resource allocation
Counter based resource allocation is another scheme for resource allocation of aperiodic traffic. Firstly, a UE performs sensing to identify the occupied resource. Then, a UE selects a counter value when a packet arrives and count down when the resource is unoccupied. The process can be described as follows:
1) When a packet arrives, the UE activates a counter.
2) If the counter is zero, it transmits immediately in the current slot.
3) The UE selects a candidate resource and evaluates whether the resource is occupied. If the following conditions are satisfied, it identifies the resource as occupied:
a) The result of RSRP measurement associated with the SCI decoding is higher than a threshold.
b) The result of RSSI measurement is higher than a threshold.
4) If the slot is unoccupied, the UE decreases its counter. The decreasing is based on the number of sub-channels in a slot.
5) When the counter is smaller or equal to zero, the UE transmits in the next candidate resource. If not, the UE repeats the procedure 3).

[bookmark: _Ref534819856][bookmark: _Ref535003155]Observation 3: Counter based resource allocation can be used for aperiodic traffic in NR V2X.
[bookmark: _Ref534819861][bookmark: _Ref535003160]Observation 4: RSRP or RSSI measurement can be used to identify the occupied resource in counter based resource allocation in NR V2X.
One example is illustrated in Figure 4, where only one single sub-channel is assumed in a slot for simplification. 
[image: ]
[bookmark: _Ref534812438]Figure 4 Counter based resource allocation mechanism
3.3. Combination of resource allocation mechanism 
In our view, both periodic traffic and aperiodic traffic with fixed or variable packet size can be transmitted in the same resource pool, which is favorable from resource efficiency perspective.
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK1][bookmark: OLE_LINK2]Multi-slot resource reservation can be used to satisfy large and variable packet sizes. However, packet size may be unknown until it arrives. When semi-static resource reservation is performed, the resource reservation may be based on the maximum packet size. If a UE reserve several slots but only use part of them according to the actual arriving packet size, another UE can reuse the unoccupied resources and updates its candidate resource map. Then, a UE can select resources from its candidate resources.
[bookmark: _Ref534819865]Proposal 10: The aggregation level of slots should be indicated in the SCI for identification of occupied resource in semi-static resource allocation.

If a UE has traffic arriving, it calculates whether the next reserved transmission occasion (if existed) can meet its QoS requirement. If yes, then the UE can transmit in the reserved resource. Otherwise, a UE can execute dynamic resource allocation.
As illustrated in Figure 5, where 15 kHz SCS is assumed, UE1 performs sensing in the sensing window (same as LTE sensing window). Based on the sensing result, UE1 starts to reserve resource in the selection window from t = 1. Assuming that two-slot resources are reserved for each transmission occasion, with a reservation period of 50ms, if a packet burst arrives at t = 20ms with latency requirement of 20ms, there is no reserved resource available for this burst. Then, UE1 can perform a dynamic resource reservation to select resource and active a counter when the packet arrives. UE1 decodes SCI slot by slot. When the resource is unoccupied, the counter will decrease. When the counter is equal to 0, the data will transmit in the next candidate resource. 
As shown in this figure, at t = 25, UE1 decodes an SCI transmitted by UE2, that indicate t = 30, 31, 32, 33 resources are reserved, and only t = 30 and 31 are occupied. Then, UE1 gets the information that t =32 and 33 can be used for transmission. UE1 then updates its candidate resource to include that. At t = 29, the counter reaches to 0, the next candidate resource for UE1 is t = 32 and 33. UE1 transmits at t = 32 and 33.
[image: ]
[bookmark: _Ref534812479]Figure 5 Resource selection mechanism
[bookmark: _Ref534819870]Proposal 11: UE could perform dynamic resource allocation when the next reserved transmission occasion can not meet the QoS requirement.
4. Preliminary evaluation results
In Table 1, it introduces the simulation scenario for aperiodic traffic. Corresponding system level evaluation assumption is illustrated in Annex A. The packet size is uniformly random in the range between 200 bytes and 2000 bytes. The modulation order and code rate are defined related to the packet size. 
[bookmark: _Ref534823129]Table 1 Simulation parameters for aperiodic traffic
	Case index
	Bandwidth
	Inter-packet arrival interval (ms)
	Latency (ms)
	Resource reservation method

	1
	20MHz
	50+exp(50)
	50
	Counter based resource allocation

	2
	20MHz
	50+exp(50)
	50
	One-shot transmission

	3
	10MHz
	50+exp(50)
	50
	Counter based resource allocation

	4
	10MHz
	50+exp(50)
	50
	One-shot transmission



System evaluation result of average PRR on dynamic resource allocation for aperiodic traffic is as follows.
[image: ]
[bookmark: _Ref534836954]Figure 6 Average PRR for aperiodic traffic
As shown in Figure 6, the average PRR of one-shot transmission is slightly better than that of counter based resource allocation. Because UE gets the resource information in advance and avoids to utilize the occupied resources.
It is observed that when 10MHz bandwidth is configured, the PRR performance reduced significantly compared to 20MHz system bandwidth. In 10MHz system bandwidth, collision occurs more frequently.
[bookmark: _Ref534839882]Observation 5: The average PRR of one-shot transmission is better than that of counter based resource allocation.
[bookmark: _Ref534839887]Observation 6: The PRR performance reduced significantly when 10MHz system bandwidth is configured compared to 20MHz system under medium intensity aperiodic traffic.
[bookmark: _Ref535003277]Proposal 12: One-shot transmission can be considered in NR V2X.
5. Conclusion
In this contribution, overview and discussion on NR V2X resource allocation are provided. Some observations are as following:
Observation 1: Assistance information from other UEs may be beneficial for sensing procedure in mode2 (a).
Observation 2: Mode 2(d) is beneficial for relaxing the restriction of half-duplex and improving the performance without dynamic network control.
Observation 3: Counter based resource allocation can be used for aperiodic traffic in NR V2X.
Observation 4: RSRP or RSSI measurement can be used to identify the occupied resource in counter based resource allocation in NR V2X.
Observation 5: The average PRR of one-shot transmission is better than that of counter based resource allocation.
Observation 6: The PRR performance reduced significantly when 10MHz system bandwidth is configured compared to 20MHz system under medium intensity aperiodic traffic.

Based on the discussion, we have the following proposals: 
Proposal 1: Further study is needed for the issues identified for Mode 2(c), e.g. how to define and select the resource pattern, how to change the pattern and how to support coexistence of UEs having different size of patterns.
Proposal 2: In mode 2(d), the selection of scheduling UE is up to application layer or by OAM configuration.
Proposal 3: Further study is needed for the issues for mode 2(d), e.g. how to ensure the security for the election of scheduling UE and how to transmit the reported information without a significant increase in overhead.
Proposal 4: Dynamic resource reservation mechanism is required to support aperiodic traffic.
Proposal 5: Multi-slot scheduling should be supported in NR V2X.
Proposal 6: Transmission type of unicast, groupcast and broadcast should be taken into consideration in resource reservation.
Proposal 7: SCI decoding and RSRP measurement for the associated PSSCH should be considered in semi-static resource allocation in NR V2X.
Proposal 8: Cross-slot scheduling should be supported in dynamic resource reservation to reduce collision in NR V2X.
Proposal 9: Priority and resource allocation information should be included in SCI to identify the occupied resource.
Proposal 10: The aggregation level of slots should be indicated in the SCI for identification of occupied resource in semi-static resource allocation.
Proposal 11: UE could perform dynamic resource allocation when the next reserved transmission occasion can not meet the QoS requirement.
Proposal 12: One-shot transmission can be considered in NR V2X.
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Annex A
[bookmark: _GoBack]Medium Intensity aperiodic traffic defined in TR 37.885 [3] is assumed. 
Table 2  System level simulation assumption
	Parameter
	value

	Deployment
	Freeway scenario

	UE drop
	Option A (140km/h)

	Carrier frequency
	6GHz

	Bandwidth 
	20MHz/10MHz

	Subcarrier spacing
	15KHz

	Traffic model
	Aperiodic traffic: Medium Intensity for broadcast
· Inter-packet arrival time: 50ms + an exponential random variable with the mean of 50 ms
· Packet size: Uniformly random in the range between 200 bytes and 2000 bytes with the quantization step of 200 bytes
· Latency requirement: 50 ms

	Resource selection
	Semi-static resource allocation
· Based on LTE mode 4 sensing and selection
· Selection period is 50ms
Dynamic resource allocation
· One shot resource allocation
· Counter based resource allocation

	TTI structure
	10 symbols for data

	Transmission parameter
	Modulation order and code rate
· 0-500 bytes: QPSK 0.5
· 500-1000bytes: 16QAM 0.6
· 1000-1500bytes: 64QAM 0.55
· 1500-2000bytes: 64QAM 0.65

	Channel model
	NR freeway channel model defined in 37.885 [3]
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