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1	Introduction
In RAN1#89, the sidelink power control for sidelink communications and UE-to-Network relaying was discussed with the following agreements reached [1].
Agreement
· For sidelink power control for FeD2D, unless instructed by TPC command from the eNB, the UE transmits at a power no larger than the calculated power based on open loop power control between the UE and the eNB as described in Section 14.1.1.5 of TS 36.213
· Maximum power of sidelink transmission, and open loop power control parameters (P0, alpha) are configured by eNB.
· For out of coverage operation power control parameters (P0, alpha = 0) can be pre-configured
· FFS if UE is not required to monitor DL

Agreement
· UE can set transmit power below the upper limit based on UE-UE channel propagation conditions
FFS details and specification impact (e.g. whether the power setting can be up to UE implementation or mandated by specification)

Based on the above agreements, this paper discusses further details of the sidelink power control for LTE sidelink transmissions and UE-to-NW relaying to enable reliable and low-energy for IoT and wearables.
 
2	Sidelink power control
As agreed in last meeting, the sidelink transmit power shall be upper limited by the calculated power based on the open-loop power control defined in Rel-12/13 which depends on the pathloss between the UE and the eNB (if alpha is not set to zero). The purpose is to suppress potential interference to cellular UL transmissions for co-channel sidelink and cellular transmissions. 
One potential issue is that the remote UE may be not required/configured to monitor DL (e.g. in order to reduce power consumption or other reasons) thus the remote UE may have no information on DL pathloss hence cannot make the open-loop power control. A potential scheme to address this issue is that the relay UE broadcasts the estimated DL pathloss value to its associated remote UEs (e.g. in discovery message) and the remote UEs use this DL pathloss to make the power control. This scheme makes sense especially for the wearable usage scenario where the remote UEs are near the associated relay UE thus the DL pathloss values may be similar to a large extent. 
Proposal 1: In case remote UEs are not required/configured to monitor DL, the relay UE may broadcast the DL pathloss to associated remote UEs to enable their open-loop power control. 

As agreed in last meeting, UE can set transmit power below the upper limit based on UE-UE channel propagation conditions. Generally the UE-UE channel propagation conditions could be the sidelink pathloss and/or more generic channel condition information such as packet decoding feedback information. In the sidelink uplink (from remote UE to relay UE), multiple remote UEs may make the transmissions simultaneously over different frequency resources (i.e. FDM) depending on the resource selection/allocation. In this case, the potential near-far effect among the multiple remote UEs shall be addressed. If the UE-UE channel conditions of only generic decoding feedback information is used in the sidelink power control, the multiple FDMed remote UE signals may have quite different transmit powers, leading to performance degradation at relay UE receiving owing to the near-far effect. To address this potential issue, the sidelink pathloss may have to be used in the sidelink transmit power control. The sidelink pathloss could be estimated based on the existing PSSCH-RSRP (and/or SD-RSRP). It is noted that to enable sidelink pathloss estimation, the transmit power value shall be indicated (e.g. in PSDCH for SD-RSRP and in PSSCH or PSCCH for PSSCH-RSRP). 
Proposal 2: UE can set transmit power below the upper limit initially based on UE-UE pathloss with possible adjustment based on UE-UE channel conditions e.g. decoding feedback information.  

The sidelink transmit power control for relay UE in sidelink DL can be conducted in the similar way as for the remote UEs in sidelink UL. However, the difference between sidelink DL and sidelink UL shall be noted. In sidelink DL, the transmission is from one relay UE to multiple remote UEs and the packets of remote UEs may be FDMed in same subframe. In this case, the transmit power per PRB shall be set to the same (or similar) value for different remote UEs (which shall meet the link budget of the weakest remote UE) and at the same time the total transmit power shall be upper limited by the transmit power calculated by the existing open-loop power control. 
Proposal 3: In sidelink downlink, in case of multiple remote UE packets FDMed, the relay UE can make the sidelink transmit power control based on the UE-UE channel conditions with the weakest remote UE. 

Based on above, the sidelink power control for communication and UE-to-NW relaying in sidelink transmission mode 2 or mode 1 (if TPC is set to 0) can be implemented in a way illustrated as follows (taking PSSCH as an example)

dBm






Here denotes the (pre)configured maximum transmit power for the sidelink communication and UE-to-NW relaying for IoT/wearable use,  denotes the transmit power calculated by open-loop power control defined in Rel-12/13 which is used as upper limit here,is the bandwidth of the PSSCH resource assignment in number of resource blocks, and are provided by high layers and denotes the sidelink pathloss in dB between remote UE and relay UE. 

The potential subsequent adjustments for the sidelink transmit power e.g. based on packet decoding feedback information could be left to UE implementations with the constraint of upper limit of. 

3	Conclusion
In this paper, the sidelink power control for sidelink communication and UE-to-NW relaying with IoT and wearables is discussed. The following proposals are obtained. 

Proposal 1: In case remote UEs are not required/configured to monitor DL, the relay UE may broadcast the DL pathloss to associated remote UEs to enable their open-loop power control.  
Proposal 2: UE can set transmit power below the upper limit initially based on UE-UE pathloss with possible adjustment based on UE-UE channel conditions e.g. decoding feedback information.
Proposal 3: In sidelink downlink, in case of multiple remote UE packets FDMed, the relay UE can make the sidelink transmit power control based on the UE-UE channel conditions with the weakest remote UE.
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