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1. Introduction
In RAN1#84bis, the following agreements were made with respect to sensing [1]:
Agreement:
· Both SA decoding and energy measurement are supported for sensing in UE autonomous resource selection.

· FFS how each of SA decoding and energy measurement is used.

· Note: strive for a design with managable complexity especially in terms of SA blind decodes, UE buffer, etc.
In this contribution, details of the UE sensing procedure for resource (re-)selection is discussed.
2. Discussion
Figure 1 shows a procedure for resource selection in UE autonomous mode based on sensing. The focus of this contribution is on the highlighted part i.e. the sensing part of resource selection is discussed in this contribution. Based on the sensing results from SA decoding and/or energy sensing, the UE makes a decision on the resources that need to be excluded in the transmission. Thus, a UE identifies the resources that will be occupied and/or collided by the other UEs and avoids a colliding resource allocation for its transmission. Based on the remaining resources available for transmission, the UE then selects the resources to be used for transmission. The UE then selects the transmission parameters such as transmit power and MCS and transmits in the selected resources with the selected transmission parameters. The UE finally makes a decision whether to continue this transmission on the selected resources or re-start the process for a new transmission. Further details on the resource (re-)selection procedure are available in companion documents [2, 3, 4]
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Figure 1: Resource re-selection procedure for UE autonomous resource allocation
2.1 Energy measurements:

 Depending on whether SA and data are multiplexed in the same subframe or not, the transmission power can be different among different UEs. It is possible that UEs in proximity of the transmitting UE can have lower transmit power and show lower received sensing levels than UEs that are further away which need not communicate to the transmitting UE, leading to potential collisions if energy sensing assumes all UEs have same transmit power. By adjusting the sensing results to account for transmit power variations from other UEs, the UE can select transmission resources based on minimizing the interference to other UEs. Additionally, the knowledge of transmit power of other UEs can be used for power control of the transmitting UE. 
To adjust for transmit power variations between different UEs, it is proposed to indicate the transmit power for SA and/or data (either total power or per RB group) (assuming one can be derived from the other) in the SCI transmissions for energy sensing.  The energy sensing results are then adjusted based on the transmit power offset per RB group. Note that only relative transmit power differences are needed for the adjustment. 

Let the energy sensing results for each RB group be G(k) and let P(k) be the transmit power assigned per RB group obtained from decoding the SA from different UEs. The RBs where no UE transmissions were identified due to failed SA decoding either due to collisions from multiple transmitters or due to unused SA are assigned to a constant such as the maximum transmit power per RB group. Then, the normalized energy sensing results S(k) = G(k) – P(k), where S(k), G(k) and P(k) are in dB scale. 

Figure 2 shows the adjustment of energy sensing results with transmit power. The raw energy sensing results (all plots are shown normalized) are adjusted based on the transmit power used based on the decoding of the SA. 
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Figure 2: Adjusting energy sensing results for varying UE transmit power
Proposal 1: The energy sensing results should be normalized to account for transmit power variations from different UEs. 
2.2 Sensing details:
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Figure 3: Sensing with SA decoding and energy based sensing
Figure 3 shows the sensing operation based on SA decoding and energy measurement. 
2.2.1 Sensing – I:  SA decoding

A list of potential data resources (for example, a data resource pool) in RB groups is first identified for resource selection, where each RB group is the minimum number of RBs used for data transmission. The transmitting UE first performs blind decoding on SA resources of other UEs to investigate which of the potential RB groups are in use. The RB groups indicated by successful decodes of PSCCH of other UEs are prioritized for possible exclusion. Any resources indicating being used by UEs transmitting higher priority traffic shall be first excluded for transmission by low priority UEs. 
Proposal 2: Sensing starts with SA decoding of other users and excluding PSSCH resources identified as used by higher priority traffic than current UE’s transmission.
2.2.2 Sensing – II:  Energy sensing
Energy based sensing is then performed on the remaining potential RB groups and the RB groups are sorted again based on the energy measurement. If RB groups are scheduled by a decoded SA, the energy on the RB can also be estimated based on the power measurement of the decoded SA [4]. If the energy in a RB group exceeds a threshold m, those RBs are identified as unavailable.  The transmitting UE can then select resources starting from the first RB group identified as available in the sorted list for transmission. The threshold m, can be configured by the eNB for operation.

Proposal 3: Energy sensing is performed on PSSCH resources that are not identified by successful SA decoding and/or occupied by UEs with equal or lower priority.

Proposal 4: During energy sensing, a configurable threshold is used to identify available resources. 
Since the resources available after excluding occupied resources may be fragmented, it is proposed to have a transmission mode for PSSCH that allows multi-cluster transmissions, where the PSSCH resources can be distributed among the frequency resources in multiple clusters (i.e. non-contiguous). This can allow better utilization of resources in situations, where contiguous resource allocation is not available for transmission.  It is possible that limits be placed on the number of clusters to minimize maximum power reduction (MPR) issues. More details on a multi-cluster transmission mode that can support transmission over fragmented resources are available in our companion document [5]. 
Proposal 5: Multi-cluster PSSCH transmissions can be considered to support transmissions over fragmented PSSCH resources identified as available after sensing. 

Proposal 6: The sensing operation provides a sorted list of available resources for future PSSCH transmissions.
3. Conclusion
The following proposals are made to support sensing for UE autonomous mode. 
Proposal 1: The energy sensing results should be normalized to account for transmit power variations from different UEs. 
Proposal 2: Sensing starts with SA decoding of other users and excluding PSSCH resources identified as used by higher priority traffic than current UE’s transmission.
Proposal 3: Energy sensing is performed on PSSCH resources that are not identified by successful SA decoding and/or occupied by UEs with equal or lower priority.

Proposal 4: During energy sensing, a configurable threshold is used to identify available resources. 

Proposal 5: Multi-cluster PSSCH transmissions can be considered to support transmissions over fragmented PSSCH resources identified as available after sensing. 
Proposal 6: The sensing operation provides a sorted list of available resources for future PSSCH transmissions.
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