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1. Introduction
Partial sensing for P-UE resource selection was discussed in RAN1#86bis and the following agreement was made:

Agreement:
· The following aspects needs to be addressed to define resource selection based on partial sensing

· How to determine the subset of subframes in which UE performs sensing

· How to determine the subset of subframes for the candidates of resource selection

· How to relate these two subsets

· Study the above aspects in terms of PRR and energy consumption:
This contribution discusses details of partial sensing operation and its specification impact.

2. Discussions 
This section discusses the three main points in the RAN1#86bis agreement.

2.1. How to determine the subset of subframes in which UE performs sensing

In the partial sensing operation, a UE monitors a subset of subframes within the sensing window in order to save the battery consumption. In determining this sensing subframe subset, impact on the Uu operation needs to be considered.
If a P-UE does not have a dedicated RX chain for the partial sensing operation, one used for DL reception needs to be switched to the PC5 carrier thereby creating a kind of discontinuous DL reception. As it is expected that a P-UE will perform sensing over about 10% subframes, such an uncontrollable DL reception failure may not be acceptable in Uu operations. Thus, a DL gap needs to be configured from the network so that the P-UE performs partial sensing only within this gap and eNB may avoid DL scheduling on this gap. In this case, the configuration of DL gap is up to eNB implementation and the UE shall limit its sensing to the subframes included in the gap, which means that the sensing subframe subset is determined by the eNB, not by the UE. 
Even if a P-UE has a dedicated RX chain for the partial sensing operation, the chain needs to be turned on and off to save the battery consumption. However, such turn-on/off RX chain incurs interruption to the reception operation in other carriers
 (see 7.16.3 in [1] for the related specification in Rel-12/13 D2D). This makes it difficult to define a rule for the sensing subframe subset determination. For example, an RRC_Idle UE needs to monitor its own paging occasion but it will be a problem if turning on/off the PC5 RX chain interrupts the paging reception. An RRC_Connected UE also needs to receive some important DL messages such as random access response. If a solution to avoid such a problem cannot be easily found, how to determine the exact subframe subset can be up to UE implementation under the condition that the partial sensing operation shall not interrupt important Uu operation. In such a case, the eNB can provide some guidance on the partial sensing operation such as the minimum number of subframes to be sensed before resource selection.
Observation 1: If a P-UE can perform partial sensing with an RX chain shared with DL reception, DL gap configuration is necessary to allow switching the RX chain to the PC5 carrier.
Observation 2: Determination of the sensing subframe subset can be up to UE implementation under the condition that the partial sensing operation shall not interrupt important Uu operation such as monitoring paging occasion. The eNB can provide some guidance on the partial sensing operation such as the minimum number of subframes to be sensed before resource selection.
2.2. How to determine the subset of subframes for the candidates of resource selection and how to relate this with the sensing subframe subset
RAN1#86bis made the following agreement on handling the case where a UE skips monitoring on some subframes:
Agreements:
· In order to handle the skipped subframe#k in the resource exclusion procedure, the UE shall exclude the subframe#y within its own selection window if the subframe#(y+P*j) can be overlapped with subframe#(k+100*i), where P is the resource reservation interval of the UE, j is 0, 1, …, C_resel-1, i are any (available) elements in the set restricted by carrier-specific network (pre)configuration.
Basically, this agreement means that, once a subframe is not monitored, any subframe that may collide with a subframe potentially reserved by an SCI transmitted in that subframe shall be excluded from the resource selection. In our view, this is sufficient to describe how to determine the subset of subframes for the candidates of resource selection, and no additional behaviour is needed. In other words, the agreement in RAN1#86bis can apply to any case of skipping a monitoring subframe irrespective of the reason of skipping (e.g., due to half duplex issue, battery saving, etc.).
Observation 3: RAN1#86bis agreements on handling monitoring subframe skipping can be reused to determine the subset of subframes for the candidates of the partial sensing based resource selection.
2.3. How to specify the partial sensing operation
The observations made in the previous subsections reveal that the partial sensing operation can be supported by introducing a “power saving version of sidelink mode 4.” If (pre-)configuration allows the power saving operation in a resource pool configured for mode 4, the UEs can perform the partial sensing operation. It should be noted that this power saving operation may be allowed only for P-UEs, and V-UEs using the same resource pool may be forced to do the full monitoring operation all the time.
When the eNB allows partial sensing on a mode 4 resource pool, it can provide the minimum number of subframes to be sensed in the sensing window. This provision can be based on the tradeoff between the power consumption and PRR performance. Each P-UE determines the exact subset of sensing subframes according to its implementation under the constraints that

· The number of sensed subframes in each sensing window shall be larger than or equal to the minimum number configured by the eNB, and

· The partial sensing operation shall not interrupt important Uu operation such as monitoring paging occasion.
For all the other UE behavior concerning the sensing procedure, those of the existing Mode 4 operation are kept such as the sensing/selection window size, step 2 and step 3 operations, etc.

If the specification supports RX chain sharing between DL reception and partial sensing, a DL gap needs to be configured to allow RX chain switching. Details of the DL gap can be defined in RAN2 preferably by maximally reusing the ProSe gap introduced in Rel-12/13.
Proposal 1: A “power saving version” of sidelink mode 4 is defined to specify the partial sensing operation of P-UEs with the following additional features:

· Each P-UE determines the exact subset of sensing subframes according to its implementation under the constraints that
· The number of sensed subframes in each sensing window shall be larger than or equal to the minimum number configured by the eNB, and
· The partial sensing operation shall not interrupt important Uu operation such as monitoring paging occasion. Details of such important Uu operation can be decided in RAN2.
Proposal 2: If the specification supports RX chain sharing between DL reception and partial sensing, a DL gap needs to be configured to allow RX chain switching.
It is also proposed to send an LS to RAN2 and RAN4 to ask the corresponding specification work.

3. Conclusion
This contribution discussed details of the partial sensing operation in P-UE resource selection. The discussion can be summarized as follows:

Proposal 1: A “power saving version” of sidelink mode 4 is defined to specify the partial sensing operation of P-UEs with the following additional features:

· Each P-UE determines the exact subset of sensing subframes according to its implementation under the constraints that
· The number of sensed subframes in each sensing window shall be larger than or equal to the minimum number configured by the eNB, and
· The partial sensing operation shall not interrupt important Uu operation such as monitoring paging occasion. Details of such important Uu operation can be decided in RAN2.
Proposal 2: If the specification supports RX chain sharing between DL reception and partial sensing, a DL gap needs to be configured to allow RX chain switching.
Proposal 3: Send an LS to RAN2 and RAN4 to ask the corresponding specification work.
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� If the subset of sensing subframe has the structure of repeating with 100 ms period, the interruption may grow up to 4% of the total DL reception; one switch-on and one  switch-off every 100 ms with interrupting up to 2 DL subframes in each switch-on/off when SL subframe is not aligned with DL subframe.





PAGE  
2

