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1 Introduction
In RAN2#90 meeting, it was agreed that gaps will be introduced for sidelink discovery:
	· To enhance inter-carrier discovery performance for the non-dedicated transceiver case, gaps will be introduced to allow reusing an RF transmitter/receiver chain for direct discovery transmissions/receptions.   The gaps should be under network control.  FFS if the gap applies both for intra and inter-frequency.


In this contribution we refer to the gap discussed as “sidelink gap”, and based on the agreements above this contribution will further discuss the following issues on sidelink gap:

· Can the sidelink gap be applied to both inter and intra-frequency discovery?

· Can the sidelink gap be applied also for sidelink communication?

· How does the serving eNB configure the sidelink gap to the UE?

· How does the UE use the configured sidelink gap?

· What is the UE behavior in case the sidelink gaps and measurement gaps are overlapping?

Some proposals are given based on the discussion.

2 Discussion
2.1 Can the sidelink gap be applied to both inter and intra-frequency discovery?
In RAN2#90 meeting, we agreed that the sidelink gap applies to both transmission and reception of sidelink discovery. We also agreed on the UE requirements for R13 sidelink discovery for public safety and non-public safety.

	· The dual transceiver chain is not mandated for direct discovery transmissions on other carriers, for commercial use case.  

· For PS discovery the UE capability requirements should be aligned with the Rel-12 communication capabilities.     


For non-public safety (commercial) sidelink discovery, a dedicated transmitting RF chain or the dedicated receiving RF chain cannot be guaranteed. In case there is no dedicated RF chain for reception of sidelink discovery, the UE needs to retune its Uu DL receiving chain to the intra-frequency UL carrier or other inter-frequency carriers for reception. If no sidelink gap is configured, to avoid the interruption of Uu downlink, the operation of retuning can only happen in DRX periods, and the reception of sidelink discovery can only be best effort. Therefore, to improve the reliability of reception of sidelink discovery, it is beneficial for the sidelink gap to be applied for both intra and inter-frequency discovery. 
For the non-PS case, in case there is no dedicated RF chain for transmitting sidelink discovery, the UE needs to retune its Uu UL transmitting chain to another inter-frequency carrier for transmission. However, the UE does not need to retune the transmitting chain for intra-frequency transmission of sidelink discovery. Therefore, if the UE is configured to transmit sidelink discovery on a carrier different than a serving carrier, it is beneficial to configure the UE with sidelink gaps for transmitting sidelink discovery.

Proposal 1: For non-PS case, the sidelink gap can be applied for reception of both intra and inter-frequency sidelink discovery.
Proposal 2: For non-PS case, if the UE is configured to transmit on carriers other than the serving carriers, the UE can be configured with sidelink gaps for transmitting sidelink discovery.

For public safety sidelink discovery, and to align with requirements of Rel-12 sidelink communication, there should be a dedicated receiving RF chain for sidelink. However, the dedicated transmitting RF chain cannot be guaranteed for transmitting sidelink discovery. If the UE is configured to transmit sidelink discovery on a public safety carrier different than the serving cell, it is beneficial to configure the UE with sidelink gaps. 

Proposal 3: For PS case, if the UE is configured to transmit on a public safety ProSe carrier different from the serving carriers, the UE can be configured with sidelink gaps for transmitting sidelink discovery.
2.2 Can the sidelink gap be applied also for sidelink communication?
In Rel-12 sidelink communication, if a UE only has one transmitting RF chain, then a UE in RRC_CONNECTED may not be able to transmit sidelink communication on another carrier different than the Pcell (i.e., may only be able to transmit sidelink communication on another carrier in DRX periods). Otherwise, the uplink Uu transmission would be affected. Therefore, it is beneficial for the sidelink gap to be applied for sidelink communication as well,  in order to improve the reliability of transmission of sidelink communication.
Furthermore, as discussed in another of our contributions [1], in the Rel-13 UE-Network relay case, the relay UE needs to transmit both Uu and sidelink communication to forward the UL/DL traffic respectively. In the inter-frequency scenario where the ProSe carrier for sidelink operation is different from the Uu operation’s serving carriers , a relay UE with only one transmit chain may not be able to work if there is no sidelink gap configured for transmitting sidelink communication.
Proposal 4: RAN2 is kindly asked to discuss whether the sidelink gap applies also for sidelink communication. 
2.3 How does the serving eNB configure the sidelink gap to the UE?
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Figure 1 Sidelink gap configuration procedure
· Sidelink gap for reception

If the eNB configures a sidelink gap for the UE to receive sidelink discovery in a carrier, it is necessary for the eNB to first know about the configuration of resource pools in which the UE needs to receive sidelink discovery on that carrier. Then the eNB can configure the sidelink gap for receiving sidelink discovery on a carrier to be the time pattern of the resource pools on the carrier.

For the carriers belonging to intra-PLMN or the coordinated inter-PLMN discovery, it is possible that the serving eNB can learn the configuration of these carriers from the network side (e.g., OAM configuration or X2 signaling). However, for  carriers belonging to the uncoordinated inter-PLMN discovery, the serving eNB may need to learn the resource pool configuration on these carriers from UE reporting. It is not necessary for each UE to report the configuration of resource pools on other carriers. The eNB can configure one UE to read and report this configuration as illustrated in Fig.1, and then the eNB can configure the sidelink gap to the UEs for receiving sidelink discovery. If the carrier for sidelink reception and the serving carrier are unsynchronized, the SFN offset between the two carriers also needs to be reported by the UE, in order for the eNB to learn the exact positions of the resource pools. Proposal 5: the eNB can configure the sidelink gap for receiving sidelink transmissions on a carrier to be the time pattern of the resource pools on that carrier.
Proposal 6: For a carrier belonging to uncoordinated inter-PLMN discovery, the eNB can configure the UE to read and report the configuration of resource pools on the inter-PLMN carrier and the SFN offset between the inter-PLMN carrier and the serving carrier.
· Sidelink gap for transmission

As agreed in the previous meetings, similar to R12, two modes are available for the UE to obtain the discovery resource on other carriers: Network scheduled resource allocation and UE autonomous resource selection.

For network scheduled resource allocation the serving eNB can simply configure appropriate sidelink gaps for the UE to transmit sidelink on a carrier according to the resource scheduled by the serving eNB. 
However, a problem exists for the UE autonomous resource selection on the pools configured by the serving cell or read autonomously. In this case, the serving eNB does not know exactly the discovery resource selected by the UE, and it is difficult for the serving eNB to configure the appropriate sidelink gaps for the UE without resource information. 
There are two options to solve this issue:
· Option-1: the eNB configures the sidelink gap for sidelink transmission on a carrier to be the time pattern of the transmission resource pools on that carrier.

· Option-2: the eNB can configure the UE to report the resources selected on a carrier, and then configure the sidelink gap according to the report for the UE to transmit sidelink on that carrier.

If a sidelink gap for reception is not needed for a UE, option-1 does not seem appropriate. This is because compared to the subframes really used for transmission, many more subframes would be configured in the sidelink gap. In this case, option-2 is applicable.

Proposal 7: the eNB can configure the UE to report the transmission resources selected on a carrier, and then configure the sidelink gap according to the report for the UE to transmit sidelink on that carrier.

2.4 How does the UE use the configured sidelink gap?

Sidelink gap is generally similar to the legacy measurement gap. Within a measurement gap, the UE suspends both downlink reception and uplink transmission on the serving carrier, in order to switch to another carrier to measure it. For a sidelink gap:
· If the sidelink gap is configured for sidelink reception on a carrier, the UE cannot receive cellular downlink data within the sidelink gap, but it may be able to perform uplink transmissions within the gap. However, considering that the UE cannot receive uplink grants from PDCCH during the sidelink reception gap the benefit to allow uplink transmission during the sidelink gap may be limited.
· If the sidelink gap is used for sidelink transmission on a carrier, the UE cannot perform uplink Uu transmission within the sidelink gap, but it may be able to perform downlink reception on cellular within this gap. However, considering that the sidelink gaps used for sidelink transmission should be very sparse, the benefit to allow downlink reception during the sidelink gap may be also limited.
Therefore, similar to the legacy measurement gap, within a sidelink gap the UE is proposed to terminate all the Uu communication and switches the TX/RX RF chains to sidelink operation. In other words, one sidelink gap should be regarded as a combination of an uplink gap and a downlink gap.
Proposal 8: Like for the legacy measurement gap, the UE should not perform any uplink or downlink Uu operation within a sidelink gap..
2.5 What is the UE behavior in case the sidelink gaps and measurement gaps are overlapping?
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Figure 2 Collision between sidelink gap and measurement gap
It is obvious that one UE can be configured with both sidelink gaps and legacy measurement gaps. Due to the restriction of the transceiver, the UE may be unable to receive sidelink discovery and perform measurement at the same time. It is better for the serving eNB to guarantee that the sidelink gap and measurement gap do not overlap with each other at all.  However, the legacy measurement gap is periodically distributed while the sidelink gap mainly depends on the discovery resource configuration on the desired carriers which may be out of the control of the serving eNB. Therefore, it is almost impossible for the serving eNB to ensure that the sidelink gap does not collide with a measurement gap for a specific UE. RAN2 is requested to discuss the UE behavior in case the sidelink gap and the measurement gap are overlapping.
Proposal 9: RAN2 is requested to discuss the UE behavior in case the sidelink gap and the measurement gap are overlapping. 
3 Conclusion
Some issues related to the sidelink gap were discussed in this contribution. Some proposals were proposed as below.

Proposal 1: For non-PS case, the sidelink gap can be applied for reception of both intra and inter-frequency sidelink discovery.
Proposal 2: For non-PS case, if the UE is configured to transmit on carriers other than the serving carriers, the UE can be configured with sidelink gaps for transmitting sidelink discovery. 
Proposal 3: For PS case, if the UE is configured to transmit on a public safety ProSe carrier different from the serving carriers, the UE can be configured with sidelink gaps for transmitting sidelink discovery.
Proposal 4: RAN2 is kindly asked to discuss whether the sidelink gap applies also for sidelink communication. 
Proposal 5: the eNB can configure the sidelink gap for receiving sidelink transmissions on a carrier to be the time pattern of the resource pools on that carrier.

Proposal 6: For a carrier belonging to uncoordinated inter-PLMN discovery, the eNB can configure the UE to read and report the configuration of resource pools on the inter-PLMN carrier and optionally the SFN offset between the inter-PLMN carrier and the serving carrier.

Proposal 7: the eNB can configure the UE to report the transmission resources selected on a carrier, and then configure the sidelink gap according to the report for the UE to transmit sidelink on that carrier.

Proposal 8: Like the legacy measurement gap, the UE should terminate both uplink and downlink Uu operation within a sidelink gap.
Proposal 9: RAN2 is requested to discuss the UE behavior in case the sidelink gap and the measurement gap are overlapping. 
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