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1. Introduction
At the RAN1#76bis meeting, the following was agreed regarding Type 2B discovery,
· Confirm that a radio resource pool(s) may be provided by eNB for D2D UEs in SIB for discovery reception for Type-2B (if supported)
· FFS whether the common reception pool(s) or different reception pools for type 1 and Type-2B discovery
· UE is not required to decode neighboring cell SIB
· Mechanisms for Type-2B discovery

· a resource hopping mechanism following the resource allocation by eNB can be applied

· FFS details of resource hopping mechanism 

· Others FFS

In this contribution, we discuss a detailed design for the Type 2B discovery resource hopping mechanism. In addition, concerns were raised in the last meeting on the inter-cell operation of Type 2B with resource hopping mechanism. Candidate solutions to this issue are also discussed in the contribution. 
2. Resource hopping for Type 2B discovery
Type 2BOne of the most important benefits from Type 2B discovery is that eNB scheduling can avoid collisions of discovery signals from UEs in the same cell. To obtain This benefit, resource hopping should be either cell-specific or common.

Observation 1: Resouce hopping should be cell-specific or common.
In addition, by using the resource hopping, a set of UEs transmits discovery signal on the same subframe should be able to transmit in different subframes in latter transmissions. Thus they could discover each other. Therefore, time domain resource hopping is necessary to resolve the half duplex problem.
Observation 2: Time domain resource hopping is necessary to resolve the half duplex problem.
Finally, combined reception of discovery signals from the same UE may be possible to enhance the discovery performance of UEs. To obtain the benefit of combined reception, the receiving UEs should be able to predict the resource hopping of the transmitting UEs, even if the receiving UE is in RRC_IDLE state. It should be noted that the gain from the combined reception of discovery signals is an additional bonus only for the Type 2B discovery UEs since the type 1 discovery signals from the same UE cannot be combined due to the random resource selection.
Observation 3: It is benefitial if the resource hopping is predictable by RRC_idle receiving UEs.
As proposed in [1], a T-F switching hopping rule can be considered as a candidate resource hopping rule, where the hopping rule is actualized by changing the frequency-domain order to the time-domain order in each period. An example of the hopping rule is shown in Fig. 1. Since UEs transmitting a discovery signal in the same subframe at a certain discovery period can be distributed to different subframes in the next discovery period according to this hopping rule, the T-F switching hopping rule can resolve the half duplex problem with minimum number of periods.
Proposal 1: A T-F switching hopping rule can be utilized for Type 2B discovery.
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Figure 1: Resource hopping for Type 2B discovery

3. Inter-cell Discovery Signal Collision
Although state of discovery signal collision can be expected for intra-cell Type 2B discovery, collisions may still occur among discovery signals from different neighbouring cells. For synchronous NW deployment, the same (time & freq. aligned) Tx resource pool may be used by neighbouring eNBs to enable inter-cell discovery. If there is no eNB coordination, each eNB will decide on its own scheduling for Type 2B discovery signal transmissions of UEs in its cell. The same resources may be assigned to UEs which can interfere to each other but in different cells, and thus collision occurs. If collision occurs among discovery signals of multiple UEs in different cells, these UEs cannot discover each other, and other receiving UEs may not be able to receive correctly the discovery signal from each of these UEs. The situation can be even worse if UEs in different cells use the same hopping rule, because collisions will continue until some UEs release their transmission resources. In Fig. 2, assuming that the Tx resource pool and hopping rule are the same in cell 1 and cell 2, if the same resources are assigned to UE A and UE B, constant collisions of their discovery signals will occur.
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Figure 2. Example of inter-cell collision (assuming T-F shifting)
The following candidate solutions are considered to address the inter-cell discovery signal collision problem.

Cell Specific Resource Hopping
To address the constant collisions of inter-cell discovery signals, cell-specific resource hopping can be designed. Additional cell-specific time domain or frequency domain cyclic shifts can be applied to the T-F switching hopping rule. In this way, UEs in different cells will not always transmit on the same resources, and the interference from UEs in other cells could be randomized. An example of the cell-specific hopping rule comprising the T-F switching and cell specific frequency domain cyclic shift is shown in Fig. 3. The cell specific time domain cyclic shift can also be used instead of the frequency domain cyclic shift. Although the combined reception of inter-cell discovery signals may not be possible unless the cell specific shift value of the neighbouring cell is available, the combined reception of intra-cell discovery signals may still be possible.
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Figure 3. Example of cell specific resource hopping (assuming T-F shifting + frequency domain cyclic shift)
eNB Rescheduling
Another possible way to resolve the problem of inter-cell discovery signal collision in Type 2B discovery is to employ eNB rescheduling. This type of rescheduling may be triggered in a periodic way, or by a report from either the transmitting UEs or receiving UEs. 
1) If the eNB rescheduling is triggered periodically, the resources for Type 2B discovery signal transmission will be rescheduled repeatedly, regardless of whether or not a occurs. Clearly it will unnecessarily increase the burden on the eNB scheduler. Furthermore, the eNB has no additional information on whether the previous scheduling decision should be changed, and how to improve the scheduling if a change is necessary. Resolving the collision problem can only be done in a random and semi-static manner.
2) If the eNB rescheduling is triggered by the report from receiving UEs, each receiving UE will constantly monitor whether there exists a collision when it receives a discovery signal in the Type 2B reception pool. The decision on whether there exists a collision on the resource could be based on UE implementation, e.g., reception failure with high energy detected on the resource. A receiving UE could then report the collision and the eNB can reschedule the UE that transmits on the resource where the collision is detected. Compared to periodic rescheduling, the eNB only needs to change the scheduling when a collision occurs. However, the receiving UE for Type 2B discovery may not always be in the RRC_connected state. If the receiving UE is in the RRC_idle state, triggering the eNB rescheduling may incur much signaling and energy costs.
3) In the case of Type 2B discovery, only an RRC_connected UE may request resources for transmission of discovery messages. Also, it has been agreed that the UE releases the transmission resources the latest when the UE enters RRC_idle or when the eNB withdraws the resource by RRC signaling [2]. Therefore, the transmitting UE for Type 2B discovery would always be in the RRC_connected state. It would be more efficient if the transmitting UE can detect whether there exists a collision and request the eNB to reschedule the resources if collision occurs.
Due to the half-duplex constraint, the transmitting UE cannot monitor the resources at the same time when it is transmitting. Therefore, the UE needs to mute its transmission incidentally to monitor whether or not the resource that it ought to transmit is used by other UEs. For example, in the 2nd period of Fig. 4, UE B mutes its transmission to listen on resource 3, and detects that UE A is also using this resource. UE B can then request its eNB for rescheduling and the collision can be avoided since the next period.

It should be noted that if two UEs in different cells mute transmission at the same time, they may not able to detect a collision among their discovery signals. Therefore, a cell-specific UE muting mechanism could be further defined to avoid simultaneous muting of two UEs that are assigned the same resources in two different cells.
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Figure 4. eNB rescheduling triggered by muting of transmitting UE 
Orthogonal Tx Resource Pools of Neighbouring Cells
As described in our companion contribution [3], the reception resource pool can consist of orthogonal Tx resource pools of neighbouring cells in an asynchronous NW deployment. If orthogonal Tx resource pools in neighbouring cells is implemented in a synchronized NW deployment, the resource hopping would occur within different subsets of the reception resource pool , i.e., Tx resource pool in different cells, and thus inter-cell discovery signal collision can be avoided. However, dividing the whole reception pool into different Tx resource pools would decrease the radio resource utilization efficiency, especially in a synchronous NW deployment. In addition, other than the reception resource pool, the Tx resource pool must be separately signaled to the transmitting UEs for resource hopping. Therefore, other options should be prioritized to address the inter cell discovery signal collision.
Based on the above discussions, we propose that:
Proposal 2: For Type 2B discovery, RAN1 should discuss and decide among the following alternatives to address inter-cell discovery signal collisions:
· Cell-specific resource hopping

· eNB rescheduling triggered periodically or by UE reporting
4. Conclusion
In this contribution we discussed resource selection for Type 2B discovery. Based on the discussion, we propose the following:
Proposal 1: A T-F switching hopping rule can be utilized for Type 2B discovery.

Proposal 2: For Type 2B discovery, RAN1 should discuss and decide among the following alternatives to address inter-cell discovery signal collisions.
· Cell-specific resource hopping

· eNB rescheduling triggered periodically or by UE reporting
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