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1. Introduction
In previous RAN1 meetings, we presented schemes for sidelink resource allocation and collision avoidance [1, 2] and also for control exclusion zones and resource reservation mechanisms. In this meeting we present additional results using the suggested schemes and propose to make productive agreements going forward. This discussion focusses on Mode-2a.
2. Background
In past RAN1 meetings, we’ve presented contributions on resource allocation mechanisms with accompanying results. Based on further discussions and analysis the main ideas for a robust resource allocation mechanism have been distilled down and presented in this paper. 
The key elements of a flexible and robust resource allocation scheme are as follows: 
1. Slot Aggregation
· Maintains similar link budgets across different packet sizes for the same application
2. Reservation of resources for retransmissions
· Minimizes collisions and half duplex effects
3. Control exclusion based on distance/RSRP
· Allows for efficient channel reuse 
4. Counter based channel access
· Distributed channel access opportunities thereby minimizing collisions for bursty traffic
We discuss each aspect in detail in the following sections. In the previous RAN1 meetings, we’ve made the following agreements on Mode 2(a). 









Agreements:
· Mode-2 supports the sensing and resource (re)-selection procedures according to the previously agreed definitions.
· FFS resource granularity for sensing & resource (re)-selection, e.g., PRB(s), slots, resource patterns (when applicable), etc.
· FFS detailed conditions when these procedures can apply
· Sub-channel based resource allocation is supported for PSSCH
· FFS details for sub-channels
· FFS other use cases for sub-channel (e.g., measurement, interaction with PSCCH, etc.)
· SCI decoding applied during sensing procedure provides at least information on sidelink resources indicated by the UE transmitting the SCI
· NR V2X Mode-2 supports reservation of sidelink resources at least for blind retransmission of a TB
· Whether reservation is supported for initial transmission of a TB is to be discussed in the WI phase
· Whether reservation is supported for potential retransmissions based on HARQ feedback is for the WI phase
· Mode-2 sensing procedure utilizes the following sidelink measurement
· L1 SL-RSRP based on sidelink DMRS when the corresponding SCI is decoded
· FFS whether/which measurement is used if the corresponding SCI is not decoded e.g. SL-RSRP after blind DMRS detection, SL-RSSI


3. Slot Aggregation
Both periodic and aperiodic types of traffic have varying packet sizes from 200 to 2000bytes for medium intensity traffic and between 10000 to 60000bytes for high intensity traffic. 
Packet sizes vary dramatically even for the same application. From the receiver’s point of view, it is important that the link budget is the same or similar for all packets in order to maintain reliability for an application. Maintaining similar Tx power per tone for all the packet sizes while also maintaining a similar code rate ensures that the decoding performance for all packet sizes is similar at a target receiver. This is crucial to support different application types in NR V2X. Figure 1 illustrates slot aggregation for variable size packets.
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Figure 1: Illustration of single slot transmission and two slot aggregation
The number of aggregated slots for a TB is indicated through control channel signalling for decoding purposes but also for resource allocation. It can be assumed that the number of aggregated TTIs is known to Rx UEs for resource allocation. 
Slot aggregation in V2X follows similar principles of repetition defined in NR with minor changes. The elements of slot aggregation in the context of V2X are: 
· Selected of the MCS for all the aggregated slots 
· Each slot in the aggregated set would have the same MCS applied
· PSCCH is transmitted in only the first slot of the aggregated set
· Since the number of aggregated slots are indicated in the SCI, the all the aggregated slots are considered to be a single transmission. Therefore, a single control channel is sufficient for the entire set
· This mechanism also improves spectral efficiency due to lesser overhead incurred overall
· The number of data REs in the first slot is different from the number of available data REs in subsequent slots. 
· This is due to the presence of the control channel in the first slot
· TBS selection is based on the MCS indicated and the total number of REs combined across all the aggregated slots
· This is a minor change from the NR specification where the TBS selected in performed per slot but is not considered to be a significant change
· The available REs across all the slots are known to both Tx/Rx based on the number of aggregated slots
· Effective code rate is computed across all the aggregated slots. (CReff < 1)
· CR for an individual slot may be greater than 1 for large TB sizes. 
· Each slot is an individual repetition of the TB with a specific RV associated with it. Once the entire TB is encoded, a circular buffer is used to select the bits for transmission based on the RV for each slot
· The RV pattern is (pre-)configured for V2X similar to the NR specification
· All other aspects of the encoding/decoding and HARQ operation remain the same as it is for NR. 
As explained above, most of the functionality of slot aggregation can be assumed to be the same as that defined for NR. The main differences are in the consideration of the entire set of aggregated slots for MCS and TBS selection. The following figure shows slot aggregation in NR V2X for three slots.
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Figure 2: 3-slot aggregation in NR V2X

Proposal 1: Slot Aggregation is supported for NR V2X with the SCI indicating the number of aggregated slots.

4. Reservation of Resources for Re-transmissions
An effective way to manage half duplex effects and associated packet losses is by introducing redundancy in the form of retransmissions. Judicious use of re-transmissions with HARQ feedback while accounting for latency requirements and congestion in the system can effectively combat losses due to half duplex. 
Additionally, to reduce the impact of collisions in the system, resources for the retransmissions to occur can be reserved in advance. The 1st transmission of a TB can reserve resources for subsequent transmissions. This reservation can be indicated through the control channel. Reservation ensures that the retransmissions can occur without additional interference, avoid collisions to the extent possible and even mitigate half duplex effects. Figure 3 shows the mechanism of reservation for re-transmissions. Each subsequent transmission reserves the resources for the next transmission to minimize overhead in resource reservation signaling. Note that the 1st transmission of a packet does not have any reservation for its resource selection.
 [image: ]
Figure 3: Resource reservation for retransmissions

4.1	Interaction with HARQ Feedback
When a particular transmission is successful, i.e, NACK is not received for the groupcast case or ACK is received for the unicast case, then there is no need for additional transmissions to occur. Therefore, any resources that have previously been reserved can be released. Resources that are released can then be reused by other UEs for their reservations or initial transmissions. Therefore, it is important that NACK/ACK transmissions are monitored by UEs wanting to perform resource selection. If a NACK is received, then the reserved resources are utilized for the retransmission. Other UEs selecting resources for their 1st transmission or reserving resources for retransmissions avoid the reserved resources thereby reducing collisions and increasing reliability.
Each UE utilizing the same resource pool for groupcast/unicast operations maintains a map of occupied resources indicated through the control channel signaling. This resource map is used for decoding data and also for resource selection by avoiding occupied resources. 
Proposal 2: NR V2X sidelink resource allocation supports reservation of resources for retransmissions of a TB. 
Proposal 3: If a TB has been successfully received by the target Rx UEs, then any reserved resources associated with that TB are released for use by other UEs. 
Proposal 4: If a re-transmission is necessary due to HARQ-feedback, the resources reserved by the previous transmission are utilized for the retransmission.
Proposal 5: The initial transmission (1st transmission) does not have any dedicated resources reserved. 
Other companies [3, 4] have discussed the notion of resource reservation also for the 1st transmission in addition to retransmissions. However, there are a several disadvantages to the introduction of a separate channel or a pre-reservation signaling mechanism. These are detailed as follows: 
· Introduction of a pre-reservation signal before the first transmission is essential the introduction of a reservation channel with its own decoding and RS structure. The design and decoding implementation of this adds complexity to the receiver.
· The pre-reservation signal is expected to be much small than the average data transmissions in the context of NR since it doesn’t carry any application data. Therefore, transmission of this signal may fragment the frequency spectrum preventing other data transmissions to occur in the same TTI or causing additional delays
· Introduction of an transmission after which data transmissions can begin introduces additional latencies to the data reception
· It should also be noted that there no retransmissions of the pre-reservation signal. Therefore, any loss of this signal due to half duplex effects or collisions cannot be recovered.
· Multiple such pre-reservation signals can cause additional IBE to on-going transmissions which could lead adverse effects to other data transmissions.
As a result of these issues, the performance overall suffers in comparison to the scheme where there is no pre-reservation signaling and only re-transmissions occur on reserved resources. Results comparing these two schemes are shown in Section 7 along with further discussions on the benefits and costs of each scheme.
5. Control Exclusion 
It has been agreed in RAN1 that some form of sensing would be used for resource selection and resource reservation. The purpose of this sensing is to detect occupied resources in order to avoid them during resource selection. This prevents collisions and improves reliability.
RSSI/RSRP based sensing mechanisms or other similar measurement-based schemes suffer from performance degradation when there are varying levels of interference across frequency and time resources. Such mechanisms can also lead to excessive resource fragmentation since resources are avoided even if there are available due to the inherently unreliable performance.
Reliable estimation of occupied resources is possible through control channel decoding due to the CRC. Control channel decoding can also be made to be significantly more reliable than data decoding by carefully managing code rates, employing diversity schemes and other mechanisms. Control channel content would indicate the occupied and reserved time/frequency resources which can then be avoided for resource selection
Since the Rx UE continuously detects and decodes all control channel transmissions, the UEs are aware of on-going transmissions, resources that have been reserved for future transmissions, number of slots aggregated, and sub-band frequencies allocated. Consequently, when a packet arrives, and the UE needs to perform resource selection, all resources occupied by ongoing transmissions can be excluded. The control exclusion mechanism is used for the initial transmission (1st transmission) as well as for reservation of resources for future transmissions. Figure 4 illustrates the concept of sensing based on control channel decoding.
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Figure 4: Resource selection through control channel decoding
We define the control exclusion zone as the area where the resource exclusion applied, and occupied resources are avoided. All UEs in this zone can reliably decode the control channel in order to determine and maintain the resource allocation map. In order to promote channel re-use, we need to define the boundaries of this zone through a threshold. If the zone is simply defined as the region where control channel decoding is possible, then the lack of channel re-use results in inefficient utilization of the spectrum. This is because data decoding typically requires a much higher SNR as compared to the control channel. Therefore, demarcating control exclusion zones is necessary to improve channel utilization. This demarcation can be performed in two ways: 
· RSRP/RSSI threshold based control exclusion
· Distance based control exclusion
Figure 5-8 shows the performance of RSRP/RSSI based control exclusion vs distance based control exclusion. It can be seen that distance based control exclusion has better performance as compared to the RSRP based control exclusion within the control exclusion zone. This is because some UEs can suffer from poor channel conditions due to hidden node effects even when in close proximity to the transmitter. Therefore, the RSRP would be lower than the threshold even though the distance from the transmitter is low. This causes these UEs to ignore any reservations or on going transmissions which results in more collisions and poor performance as a result.
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Figure 5: Control Exclusion for resource reservation; PRR; Distance vs RSRP; Highway; Aperiodic 
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Figure 6: Control Exclusion for resource reservation; Latency CDF; Distance vs RSRP; Highway; Aperiodic
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Figure 7: Control Exclusion for resource reservation; PRR; Distance vs RSRP; Urban; Aperiodic
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Figure 8: Control Exclusion for resource reservation; Latency CDF; Distance vs RSRP; Urban; Aperiodic




Observation 1: Distance based exclusion performs better than RSRP based exclusion within the control exclusion zone.
However, it is conceivable that there are radio environments where RSRP based control exclusion is preferable. Therefore, it is considered that both mechanism are supported and the specific mechanism to be followed is based on RRC configuration. 
Note that configuring an excessively high distance value or a very low value for the RSRP threshold also results in poor channel re-use and a degradation in performance. This is because of a lack of resources in such large control exclusion zones. Appropriate values of the distance and the RSRP threshold are needed to maximize reliability.
Proposal 6: Control channel-based resource exclusion is supported in NR V2X.
Proposal 7: RSRP based control exclusion and distance-based control exclusion are both supported in NR V2X.

6. Counter-based Channel Access (CCA)
In a previous contribution [2], counter-based channel access mechanisms were discussed. This mechanism is meant to be initiated once all occupied resources have been eliminated, the resource size has been determined.
The underlying principle of the counter-based mechanism is to spread out the contention for resources over multiple slots. When there are packet arrivals at the same time, the contention for resources for the 1st transmission can result in collision. As a result, spreading the channel access out over a few slots reduces collision probability.
It is considered that slot level counter mechanisms have the ideal trade-off between performance gains and receiver complexity. In this scheme, Tx UE selects a counter when channel access is imminent. The counter selected has a range of 0-N slots where N is a pre-configured value. The Tx UE begins counting down in slots transmits the packet when the counter reaches 0. In case the channel is completely occupied, then the counting down pauses until channel resources are once again available. 
Packet priority levels can also be incorporated into the counter selection. High priority packets would have a shorter counter range to select thereby affording them immediate channel access. Lower priority packets would have larger counter ranges with the effect that channel access is deferred to lower priority packets. Collisions between lower and higher priority level packets can be avoided in such a scheme. 
Counter-based mechanisms efficiently distribute the channel access/contention over multiple symbols and slots which significantly reduces the probability of collision while also allowing for UE’s to continuously contend for resources thereby satisfying their latency requirements.
In LTE Rel 14/15, a particular delay budget for a packet is met by varying CBR thresholds and through other mechanisms to ensure that the targeted delay budget is met for all packets. A similar goal needs to be adopted for NR to ensure efficient communications. The details of how we ensure that the delay budget is met can be FFS.
Proposal 8: Counter-based channel access schemes are supported for resource allocation in NR V2X.
Proposal 9: NR V2X supports a mechanism to meet target packet delay budgets similar to LTE Rel14/15. Details of the mechanism are FFS.
7. Simulation Results
The set of simulation assumptions used for the results in shown in Table 1 and follow the agreed assumptions in [2]. These assumptions correspond to the groupcast profile with aperiodic traffic. 

Table 1: Simulation Assumptions
	Parameter
	Groupcast

	Sidelink Frequency
	6GHz

	Traffic models
	Aperiodic traffic: Medium Intensity
Inter-packet arrival time: 50 ms + an exponential random variable with the mean of 50 ms
Packet size: Uniformly distributed between [200, 400, 600, 800, 1000, 1200, 1400, 1600, 1800, 2000] bytes
Latency requirement: 50 ms
Periodic Traffic: Medium Intensity
Inter-packet arrival time: 50 ms 
50% of UEs generate packets
Packet size: 1200 bytes with prob 0.2, 800 bytes with prob 0.8
Latency requirement: 50 ms

	Simulation Environment
	Highway, Urban

	UE Drop and Mobility
	Highway: Option A (140Kmph)
Highway: Option A

	Number of Tx/Rx Antenna elements
	2Tx/4Rx

	Antenna Models
	Option 1

	Channel Model
	SCM LOS, NLOSv

	SL Simulation BW
	20MHz

	Pathloss, shadowing, blocking and dual mobility models
	Enabled (as per TR 37.885)



The schemes that have been simulated and compared are detailed as follows. A brief summary of each scheme is also presented. 
Scheme 1: As described in this contribution.
· Slot aggregation is implemented so that all packet sizes ranging from 200bytes to 2000bytes occupy similar number of RB in frequency. 
· 1st transmission does not have any reservation. The resources for the 1st transmission of each TB are selected based on control exclusion alone.
· The 1st transmission reserves resources for the following re-transmission. Each re-transmission reserves resources for the following transmission. This is so that overhead due to reservations can be minimized. 
· Maximum number of transmissions = 3.
· If the latency budget is exceeded before the re-transmission limit is reached, then any retransmissions that exceed the latency budget are not transmitted. 
· Distance based control channel exclusion is implemented with Threshold = 700m

Scheme 2: Pre-reservation signal is transmitted to reserve resources for the 1st transmission. Based on [3,4]
· Slot aggregation is implemented similar to Scheme 1. 
· Pre-reservation signal is transmitted for each TB. This signal occupied 3RBs in frequency and 1 slot in time.
· Pre-reservation signal reserves resources for the 1st transmissions which in turn reserves resources for the following retransmission and so on.
· Maximum number of transmissions = 3.
· If the latency budget is exceeded before the re-transmission limit is reached, then any retransmissions that exceed the latency budget are not transmitted. 
· Distance based control channel exclusion is implemented similar to Scheme 1 with Threshold = 700m

Simulation results for the Highway scenario for aperiodic traffic are shown in Figures 9-11. 
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Figure 9: PPR of Scheme 1 vs Scheme 2; Highway; Aperiodic
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Figure 10: PIR of Scheme 1 vs Scheme 2; Highway; Aperiodic
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Figure 11: Latency of Scheme 1 and Scheme 2; Highway; Aperiodic
The results for the Highway scenario for Periodic traffic are shown in Figures 12-14.
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Figure 12: PPR of Scheme 1 vs Scheme 2; Highway; Periodic
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Figure 13: PIR of Scheme 1 vs Scheme 2; Highway; Periodic
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Figure 14: Latency of Scheme 1 and Scheme 2; Highway; Periodic
The results for the Urban scenario for Aperiodic and Periodic traffic are shown in Figures 15-18.
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Figure 15: PPR of Scheme 1 vs Scheme 2; Urban; Aperiodic
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Figure 16: PIR of Scheme 1 vs Scheme 2; Urban; Aperiodic
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Figure 17: PPR of Scheme 1 vs Scheme 2; Urban; Periodic
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Figure 18: PIR of Scheme 1 vs Scheme 2; Urban; Periodic



It can be seen from the Figures that for all cases Scheme 1 without any pre-reservation signalling performs slightly better. This is because the pre-reservation signal has several deleterious effects to the system namely, half-duplex, additional interference and IBE impacts. 
Figure 11 and 14 shows the impact of latency due to the additional transmission of the pre-reservation signal. In many cases, ~9-10ms of additional latency is observed. This additional latency would be problematic for applications with strict latency requirements.
If similar or better performance can be achieved without any preservation signal, then it is considered that the complexity of specification and implementation of an additional channel/signal for pre-reservation signalling is not warranted.
8. Conclusion
In this contribution, a scheme for sidelink resource selection and collision avoidance is described and pertains to the Mode-2(a). The following is proposed.
Proposal 1: Slot Aggregation is supported for NR V2X with the SCI indicating the number of aggregated slots.
Proposal 2: NR V2X sidelink resource allocation supports reservation of resources for retransmissions of a TB. 
Proposal 3: If a TB has been successfully received by the target Rx UEs, then any reserved resources associated with that TB are released for use by other UEs. 
Proposal 4: If a re-transmission is necessary due to HARQ-feedback, the resources reserved by the previous transmission are utilized for the retransmission.
Proposal 5: The initial transmission (1st transmission) does not have any dedicated resources reserved.
Proposal 6: Control channel based resource exclusion is supported in NR V2X.
Proposal 7: RSRP based control exclusion and distance based control exclusion are both supported in NR V2X.
Proposal 8: Counter-based channel access schemes are supported for resource allocation in NR V2X.
Proposal 9: NR V2X supports a mechanism to meet target packet delay budgets similar to LTE Rel14/15. Details of the mechanism are FFS.
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