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1 Introduction

At the RAN1#89 meeting, sidelink resource configuration was discussed and following agreements including conclusion were reached [1]:
· At least TDM multiplexing between PSCCH and PSSCH is supported from both the Relay and Remote UE transmission perspective.
· Conclusion: 
· Continue discussion including the impact on specification and possibility to reuse R12-R14 sidelink resource pool configurations.
Sidelink resource allocation was also discussed, with the following agreements: 
· eNB can schedule sidelink transmission resource for Remote and Relay UE transmission by sending sidelink grant
· Relay UE can forward sidelink grant generated by eNB to Remote UE
· Relay UE can control sidelink radio-resources used for transmission and reception by Remote UEs within sidelink resource pools which are configured by eNB
· FFS control signaling details
· Sidelink SPS is studied in RAN1, and following enhancements are considered:
· eNB schedules sidelink SPS via relay UE forwarding for the remote UE linked with the relay UE.
· eNB schedules sidelink SPS for the remote UE linked with the relay UE.
· Relay UE schedules sidelink SPS for the remote UE linked with the relay UE.
In this contribution, we continue discussing resource pool configuration for PSCCH and PSSCH, as well as detailed procedure and signaling design for resource allocation. 
2 Discussion
2.1 Resource configuration
At RAN1#88bis meeting, three sidelink resource configuration options were agreed for further study [2]:

· TDM between PSCCH / PSSCH from UE and system perspective (Similar to R12)

· FDM between PSCCH / PSSCH from UE and system perspective (Similar to R14)
· FDM between PSCCH / PSSCH from system perspective but TDM from UE perspective
The difference lies in how to multiplex the PSCCH and PSSCH resource pools. At the last meeting, it was further agreed that at least TDM multiplexing between PSCCH and PSSCH is supported from both the Relay and Remote UE transmission perspective. Thus, the last remaining issue is mainly on whether to use TDM or FDM between PSCCH and PSSCH from the system perspective.
Figure 1 illustrates the resource pool configuration between PSCCH and PSSCH, with TDM multiplexing in (a) and FDM multiplexing in (b). The advantage of TDM based resource pool configuration is that the localized PSCCH can limit the time searching range of SAs transmitted by the relay UE when remote UEs have no prior knowledge of SA transmission, therefore saving power. However, having a fixed pool size may create unnecessary inefficiencies, depending on the traffic type. For example, if there are not enough resources for the PSCCH in an SA period, the scheduling has to be delayed. In addition, transmissions at the end of one PSSCH pool have to bear some scheduling latency from its SA, as showed in Figure 1 (a), which will affect the performance of link adaptation due to possible channel variation occurring at the time between SA and data.
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Figure 1. Illustration on multiplexing of PSCCH resource pool and PSSCH resource pool
For FDM based multiplexing between PSCCH and PSSCH, the channelization is beneficial for supporting bandwidth limited remote UEs. Furthermore, the latency between SA and data is reduced. A disadvantage is that the remote UEs may have to continuously search for SAs, thereby increasing power consumption. However it can be alleviated by some enhancements, such as introducing a scheduling period. Therefore, FDM between PSCCH and PSSCH resource pools is preferred.

Proposal 1: From the system perspective, FDM between PSCCH and PSSCH is supported.

2.2 Resource allocation

2.2.1 eNB-controlled Resource Allocation
At the last meeting, it was agreed that the eNB could schedule sidelink transmission for both the remote and the relay UE transmission by sending a sidelink grant. The first thing to address is that the eNB has to know the buffer status information of the remote UE and the relay UE. Therefore, the remote UE and the relay UE have to report the sidelink buffer status information to the eNB.

Observation 1: To support eNB-controlled resource allocation, the remote UE and relay UE have to report the buffer status information for sidelink to the eNB.
For the relay UE, the buffer status reporting can be supported by the legacy sidelink BSR operation. For the remote UE, two potential options can be considered: 

· Option 1:　The remote UE directly transmits the BSR to the eNB 

· Option 2:　The relay UE forwards the BSR generated by remote UEs to the eNB

For PC5-based L2 UE-to-NW relay, maintaining both direct Uu link and relay link leads to potentially high power consumption for the remote UE. Furthermore, the coordination during the switch between direct Uu link and relay link is complex for low complexity remote UEs with single RX chain. Besides, the legacy mechanism cannot be extended to out-of-coverage scenarios. These may prevent the remote UE from reusing the option 1 no matter whether the remote UE is a type 1 or type 2 UE. Thus, option 2 should be supported for eNB-controlled resource allocation. As illustrated in Figure 2, BSR relaying can be divided into two steps (step 1 and step 2 in Figure 2). After receiving the BSR from remote UEs, to reduce the signaling overhead, the relay UE can generate an aggregated BSR containing the buffer status information of multiple remote UEs rather than just forwarding the original BSR from remote UE one by one. 
Proposal 2:
· The remote UE sends its BSR to the relay UE and the relay UE forwards the BSR generated by remote UEs to the eNB. 
· When forwarding BSRs from remote UEs to the eNB, the relay UE aggregates the buffer status information of multiple remote UEs. 
Similarly, the sidelink grant relaying can also be divided into two steps (step 3 and step 4 in Figure 2). In step 3, the eNB transmits sidelink grant to the relay UE for scheduling UL data of the remote UE. In step 4, the relay UE forwards this sidelink grant received from the eNB to the corresponding remote UE. In the following, we discuss these two steps separately.
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Figure 2 Example of eNB-controlled resource allocation

For step 3, the sidelink grant can be carried by PHY signaling (i.e. DCI) or higher layer signaling (e.g., MAC CE). If PHY signaling is used, the DCI format 5 should be enhanced. For example, the information indicating the destination UE should be included, so that the relay UE can be able to distinguish whether the received sidelink grant is allocated to itself or to one of the linked remote UE. If higher layer signaling is used, multiple sidelink grants can be jointly carried by multiple remote UEs linked with the relay UE. However, the processing delay is increased and more specification impact is brought about. 

Proposal 3: To support sidelink grant relaying, and to assist the relay UE to receiving the sidelink grant for the remote UE from the eNB, following enhancements can be considered:

· Using DCI to carry the sidelink grant for the remote UE and the information indicating the destination UE 

· Using higher layer signalling to carry sidelink grant for the remote UE
For step 4, high layer signaling is considered to be inefficient to carry sidelink grant: the relay UE has to request resources from the eNB for forwarding the higher layer information to the remote UE, which leads to high signaling overhead. Therefore, physical layer enhancements should be considered. The sidelink grant received in step 3 should include PSCCH resource and SCI format 0 fields used for scheduling PSSCH, which can be shared by the relay UE and the remote UE. The relay UE can use the PSCCH resource only to transmit the SA to the remote UE, while the remote UE can use the PSSCH resource scheduled by the SA to transmit data to the relay UE without transmitting SA since the relay UE already knows the PSSCH resource. Therefore, compared with the legacy SA carrying the control information for transmitting UE, the enhanced SA needs to carry the control information for receiving UEs, and the solutions to differentiate these two kinds of SAs should be studied.

Proposal 4: In order to support sidelink grant relaying, for relay UE forwarding the sidelink grant to remote UE received from eNB, the following enhancement is considered:

· Differentiation between the SA carrying control information for receiving UEs and the SA carrying control information for transmitting UEs is needed
2.2.2 Relay UE-assisted Resource Allocation
With this resource allocation mechanism, the resource pool is configured by the eNB and the relay UE schedules the resources for sidelink communication. Figure 3 shows an example procedure, where the PSCCH is reused to carry the control information for the remote UE. 
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Figure 3 Example of relay UE assisted resource allocation
The remote UE needs to know when and where the relay UE will transmit the SA with its grant. Currently on the sidelink, the UE will blindly search the SAs from transmitting UEs. This mechanism is not power efficient for a low energy/low cost remote UE.. In addition, the current SA is designed for broadcast communication, and there is no information indicating the specific receiving UE in the SA. Consequently, the receiving UE should blind decode the SAs until it detects the associated data to obtain the address information. This will also introduce power consumption. Hence a more efficient relay UE scheduling mechanism should be introduced. 
One possible way is to limit the resources used by the relay UE for transmitting SAs. For example, some specific resources in some number of subframes can be configured to carry the SAs from the relay UE. In this way, the SA blind searching and blind decoding are still required. Another way is to indicate the SA resources for the scheduled remote UEs so that the remote UEs only need to blindly search and decode the indication information, which can be periodically transmitted in order to reduce the searching range.
Proposal 5: Enhancements to reduce SA blind searching and SA blind decoding are considered.

2.2.3 Remote UE autonomous resource selection
Remote UE autonomous resource selection is beneficial for scenarios such as out of network coverage scenario. However, it may cause collision. In this section, we discuss some enhancements to reduce collisions.
In UE-NW relaying scenarios, the relay UE can operate with multiple remote UEs. The relay UE and the linked remote UEs can be seen as a UE group. In remote UE autonomous resource selection case, pre-configured and shared resource pool may be used for transmission. Group information can be utilized to reduce transmission collisions occurring in the shared pool. A resource set is firstly allocated to a group. Then the remote UEs in the group can autonomously select resource for their transmissions.
Two options to allocate resource subset for a group can be considered. 
Option 1:  The eNB schedules resource subset for the remote UE group
The relay UE may report the information about the remote UEs to the eNB (e.g., the number of remote UEs linked with the relay UE, the sidelink channels status, etc). According to the report information, the eNB could allocate the resource subset from the dedicated resource pool for the remote UEs in the same group. The option can reduce collision among groups, but adds the signaling overhead for the eNB.

Proposal 6: The relay UE may report the information about the remote UEs to the eNB (e.g., number of remote UEs that are communicating with the relay UE, the sidelink channels status, etc).
Option 2: Relay UE selects resource subset for remote UE group
According to the information about remote UEs (e.g., the number of remote UEs linked with the relay UE, the sidelink channels status, etc), the relay UE can select a resource subset from the dedicated resource pool for the remote UEs in the same group. In order to increase the resources efficiency, the selected resource set could be adjusted dynamically based on the different information about remote UEs.  This option can reduce the signalling overhead for eNB and improve the resource efficiency, but could generate some collision in the resource pool as well.
Proposal 7: The relay UE may select a resource subset for its linked remote UEs based on information about the linked remote UEs (e.g., the number of remote UEs linked with the relay UE, the sidelink channels status,)

In order to reduce the signalling overhead on sidelink and saving power,  the relay UE could broadcast or multicast the selected/allocated resource subset to the remote UEs in the same group. The remote UEs can then autonomously select the resource from the resource subset. Additionally, the resource subset could be adjusted dynamically by the relay UE to reduce the conflict among remote UEs and improve the resource efficiency.
Proposal 8: Remote UE autonomous resource selection should be considered.
2.3 Sidelink SPS

Sidelink SPS is being studied in RAN1 and three enhancement options are considered. For legacy UL/DL SPS, after the SPS is activated by the DCI scrambled by SPS-C-RNTI, the UE can receive/transmit data in the indicated PDSCH/PUSCH without monitoring PDCCH. Similarly, the SA can also be avoided in sidelink after the sidelink SPS is activated. The relay UE and remote UE are expected to communicate in the indicated PSSCH without transmitting SA, as a result, the signaling overhead and power consumption can be reduced. Therefore, the sidelink SPS configuration and activation/release should be informed to a pair of the relay UE and the remote UE. 
Two potential solutions can be investigated to support sidelink SPS as showed in Figure 4:

Solution 1: Reusing the legacy SPS including SPS parameters configuration (i.e. semiPersistSchedInterval) and activation/release mechanism

Solution 2: Combining sidelink SPS with the sidelink resource configuration
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Figure 4. Two potential solutions for sidelink SPS
For solution 1, the sidelink SPS configuration carried by RRC dedicated signaling can be sent to the relay UE and remote UE via direct Uu link, or can be sent to the relay UE and forwarded by the relay UE to the remote UE which is enabled by the current CP L2 relaying architecture. For solution 2, the periodic resource configuration for sidelink may be useful for sidelink SPS. As an example, the eNB can allocate a dedicated sidelink resource set/pool for sidelink SPS to a pair of the relay UE and the remote UE. Besides, the problem on how to activate/release the sidelink SPS is required to study. For instance, the SCI can be used to activate/release the sidelink SPS, thus, some explicit or implicit information should be carried by SCI for indicating the activation/release of sidelink SPS.

Proposal 9: To support sidelink SPS, the SA needs to be enhanced to indicate the activation/release of sidelink SPS by carrying some explicit or implicit information.
3 Conclusions
In this contribution, we discussed the remaining issues for resource configuration and resource allocation. Based on the analysis, following observations and proposals are made:

Proposal 1: From the system perspective, FDM between PSCCH and PSSCH is supported.

Observation 1: To support eNB-controlled resource allocation, the remote UE and relay UE have to report the buffer status information for sidelink to the eNB.
Proposal 2:
· The remote UE sends its BSR to the relay UE and the relay UE forwards the BSR generated by remote UEs to the eNB. 
· When forwarding BSRs from remote UEs to the eNB, the relay UE aggregates the buffer status information of multiple remote UEs. 
Proposal 3: To support sidelink grant relaying, and to assist the relay UE to receiving the sidelink grant for the remote UE from the eNB, following enhancements can be considered:

· Using DCI to carry the sidelink grant for the remote UE and the information indicating the destination UE 

· Using higher layer signalling to carry sidelink grant for the remote UE
Proposal 4: In order to support sidelink grant relaying, for relay UE forwarding the sidelink grant to remote UE received from eNB, the following enhancement is considered:

· Differentiation between the SA carrying control information for receiving UEs and the SA carrying control information for transmitting UEs is needed
Proposal 5: Enhancements to reduce SA blind searching and SA blind decoding are considered.

Proposal 6: The relay UE may report the information about the remote UEs to the eNB (e.g., number of remote UEs that are communicating with the relay UE, the sidelink channels status, etc).
Proposal 7: The relay UE may select a resource subset for its linked remote UEs based on information about the linked remote UEs (e.g., the number of remote UEs linked with the relay UE, the sidelink channels status,)

Proposal 8: Remote UE autonomous resource selection should be considered.
Proposal 9: To support sidelink SPS, the SA needs to be enhanced to indicate the activation/release of sidelink SPS by carrying some explicit or implicit information.
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