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1 Introduction

At RAN1 #78 meeting, resource allocation for Mode 2 communication was discussed. The SA content was agreed [1]. 
· For Mode-2 communication and associated SA: 

· For transmission in a given scheduling period (i.e. including SA and data transmission), the UE selects a resource with equal probability from the available resources for the first transmission of SA, 

· Alt 0: No further details of the selection algorithm are specified in RAN1 specs 

· FFS:1 bit resource reservation announcement is included in SA to indicate that the resource is reserved in the next scheduling period, and the above selection avoids resources for which the UE has received a reservation announcement relating to this scheduling period. 

It was also agreed that no other fields in SA will be introduced except 1 bit field for resource reservation if resource reservation announcement can be agreed.
The 1 bit resource reservation announcement mechanism was briefly discussed at RAN1#78. In this contribution, we provide a detailed description of the 1-bit reservation announcement to answer remaining questions. Given the performance benefits of this technique [3] achieved at very low cost (1-bit), we propose to add the 1-bit reservation field in the SA.
2 Overview
At RAN1 #78, we proposed to include 1 bit resource reservation in SA to indicate that the resource is reserved in the next scheduling period. This way, a UE knows to avoid resources for which it has received a reservation announcement relating to this scheduling [2]. This scheme is illustrated in Figure 1 from a single UE perspective.
Previous proposal at RAN1#78:

· In the current scheduling period, 1 bit resource reservation announcement is included in SA to indicate that the resource is reserved in the next scheduling period

· Scheduling period is N SA periods (with N >=2)

· UE will not transmit in the next scheduling period on resources for which reservations by other UEs are detected on the other N-1 SA periods during at least the current scheduling period 

· Observation: The above selection avoids resources for which the UE has received a reservation announcement relating to this scheduling period
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Figure 1. Resource reservation announcement from a UE’s perspective
Due to the limited online discussion, there was no consensus to include the 1-bit resource reservation field in SA. In the next section, we provide more details for resource reservation announcement mechanism to make the solution clear and clarify some concerns raised by some companies in the previous meeting.
3 Details of Resource reservation announcement
In this section, we provide the description of the whole picture and more details of 1-bit resource reservation announcement mechanism. 
For Mode 2, more than one transmitter can select the same resource for transmission. Collisions can happen.  The average collision probability increases as the ratio of the number of Tx UEs to the number of resources increases as shown in [3]. Some mechanism, such as resource reservation announcement mechanism, can be used to alleviate the collision for Mode 2 communication.
According to the agreements at RAN1#78, the resource selection for data is independent from the SA resource selection. Therefore collisions can happen both for SA and data. It is rare that both SA and data are collision between two transmitters, so we mainly focus on the case that two transmitters select the same data resource but different SA resource. Before data transmission, the transmitters transmit SA. 1 bit (reservation announcement bit) can be carried in the SA to announce the selected resource as a reservation for data to avoid collision. 
1 bit resource reservation mechanism

It is a simple, low overhead solution to include only 1 bit in SA for resource reservation announcement to indicate that the resource for data, including frequency resource and T-RPT, is reserved in the next scheduling period (including N SA instances and data transmission). For N SA transmission opportunities, one transmitter selects one instance with equal probability for SA transmission to enable resource reservation and receives in the other N-1 instances to obtain the reserved resources by others. 
Due to half duplex constraint, when a transmitter transmits SA, it cannot simultaneously receive other transmitters’ announcement. If two transmitters independently select one instance from N instance, the collision probability for them to select the same instance is:

[image: image2.wmf]1111

1

11

1

NNNN

Collision

NN

CCCC

P

CCN

-

-

==


For instance, when N equals to 5, the collision probability would be limited to 20% between two transmitters.

One example is given as shown in Figure 2 in which two SA instances and data transmission is assumed in a given scheduling period. For this case, N=2, the collision probability is 50%. The transmitting UEs announce within one instance in the current scheduling period and detect announcement in the other instances. The resource they announced refers to the next scheduling period. In Figure 2, UE A or UE C is the only one reserving their selected resources so they can transmit in the next period. However, UE B and UE D, announce the same selected resource for data: a collision happens if nothing is done. Since they can both receive each other’s announcement, they are aware of the potential collision and can avoid it by not transmitting.
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Figure 2. Resource reservation announcement for multiple UEs
Based on the above discussion and analysis, we have the following observation and proposals.

Observation: Resource reservation announcement can reduce the collision probability. 
Proposals:

· 1 bit can be carried in the SA to indicate that the resource is reserved in the next scheduling period (including N SA instances and data transmission).
· UE will not transmit in the next scheduling period on resources for which reservations by other UEs are detected on the following SA instances during at least the current scheduling period.
4 Conclusion

In this contribution, we provide the description of the 1-bit resource reservation announcement scheme to alleviate the collision for Mode 2 communication.

Based on the discussion and analysis, we have the following observation and proposals.

Observation: Resource reservation announcement can reduce the collision probability. 
Proposals:

· 1 bit can be carried in the SA to indicate that the resource is reserved in the next scheduling period (including N SA instances and data transmission).
· UE will not transmit in the next scheduling period on resources for which reservations by other UEs are detected on the following SA instances during at least the current scheduling period.
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