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1 Introduction

At the RAN1#88bis and RAN1#89, sidelink feedback mechanisms and information for wearable and IoT use cases were discussed within framework of study item on “Further enhanced Device-to-Device communication for wearable IoT and Relays” [1]. The following agreements were made by RAN1 WG:
RAN1#88bis

	Agreement
· No new sidelink physical channel to be introduced solely to provide feedback

· Piggyback in existing channels is not precluded

· Study the following feedback information to be exchanged between the receiving and transmitting UEs for sidelink link adaptation

· Decoding status, taking into account the impacts on complexity and Remote UE power consumption

· Adaptation of MCS, number of (re)transmissions and resource for transmission

· FFS on sidelink CSI feedback

· SL measurements e.g. SL-RSSI/RSRP/RSRQ. FFS on details.


RAN1#89
	Agreement
· Time-frequency resource specific SL-RSSI measurement/report are supported in FeD2D.
Agreement

· In case of Relay UE assisted resource allocation, two mechanisms to determine transmission parameters (MCS, TX power, number of TTIs, frequency sub-channel, etc.) of Remote UE are considered
· Relay UE may constrain Remote UE resource pool 
· FFS if sidelink grant can be generated by Relay UE or Remote UE or both options are supported


In this contribution, we continue discussion on benefits of introducing sidelink feedback, while our considerations on other sidelink enhancements for synchronization, discovery and communication targeting wearable and IoT use cases are provided in our companion contributions [7]-[14]. The analysis of performance benefits from the considered sidelink enhancements is presented in [4]-[6].

2 Sidelink Feedback Information
In Rel.12-14 sidelink framework there is no any feedback mechanism defined since only broadcast type of communication is enabled at radio-layer although it is possible to support all types of communication: broadcast, groupcast, and unicast at upper layers. In Rel.15 FeD2D, the main operation scenario assumes unicast communication between eRemote UEs and eRelay UEs. For this use case, it is crucial to optimize efficiency of the communication by taking into account the link quality and introducing a feedback loop to at least provide long term link adaptation mechanisms.
For sidelink operation in R12-R14, there is no any mechanism for SL link adaptation (CQI adjustment/reporting). The MCS for transmission is either determined by UE implementation or pre-configured by eNB. Moreover, the number of TTIs for transmission of one TB is always fixed to 4. Besides MCS and number of TTIs, there is no even mechanism to inform transmitter about erroneous packets at the receiver side, given that multicast/broadcast nature of communication was assumed as a main focus for sidelink R12-R14 design. For wearable and IoT use cases, at least radio layer mechanism for error recovery should be introduced in order to ensure more reliable communication/forwarding and also as a mechanism to save UE power, which can prevent unnecessary retransmissions at higher layers increasing UE power consumption.
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Figure 1: Feedback loop between eRemote and eRelay UEs.

2.1 Decoding Status

At the last RAN2 meeting, the support of RLC Acknowledged Mode was agreed for FeD2D [2]. That is, RLC layer will generate RLC status reports based on a request or a trigger to report which PDUs of the SDU are received and which are not. The RLC status will be generated as a new transport block or appended to the data in other direction. Therefore, the RLC feedback will be just a conventional PSSCH transmission in the reverse direction that may be supported without any further enhancements. However, it should be carefully considered whether such mechanism of signaling is sufficient. One issue with such approach is that in case of unreliable communication link, e.g. due to low SNR, the feedback channel may also be unreliable and it may not deliver the RLC status. In that case, it is desirable to increase potential reliability of RLC status delivery by e.g. selecting robust transmission parameters or even avoiding its multiplexing with other data. This may be done by UE-implementation assuming the link adaptation mechanism are introduced.
Proposal 1

· RAN1 to consider mechanisms to increase reliability of transmissions carrying RLC status reports

· FFS whether there is any specification impact

2.2 Measurements and Link Adaptation

Another aspect of link adaptation is the introduction of channel quality measurements. For wearable and IoT use cases, where low complexity and low power UEs are assumed, a simple mechanism to estimate link quality is desirable. The simplest method is to estimate at least SNR of potential transmission for a given power setting. This may be done by RSRQ / RSRP reporting and deriving pathloss from RSRP and TX power settings. Additionally, RSRQ / RSSI / ISSI measurements may be considered to derive both SNR and SINR of the link as it is indicated in the equations below:
RSRQ = N·RSRP / RSSI,

RSSI = N·RSRP + ISSI,

LS-SINR = N·RSRP/ISSI,

RSRQ = 1/ (1 + 1/LS-SINR).

Note, that although these measurements are large scale / long term, those may be done in time-frequency selective manner. In this case, a time-frequency measurement sets (sets of subframes and frequency channels) may be configured to a UE which are used to report the measurements.

Additionally, calculation of sidelink pathloss is also important in order to support enhanced power control as discussed in [13]. In order to calculate the pathloss, additionally to the SD-RSRP / S-RSRP / any other SL-RSRP the UE needs to know transmission power settings in order to derive the pathloss value. This may be done by either signaling of TX power or by reporting of RSRP to the transmitting UE which knowns its own TX power [13]. At the previous meeting it was agreed that Time-frequency resource specific SL-RSSI measurement/report are supported in FeD2D. In our view, at least SL-RSRP measurement also need to be exchanged between eRelay and eRemote UEs. These measurements can help to derive SL-RSRQ and pathloss values at the transmitter side. The latter is needed for proper setting of TX power by UE implementation.
Proposal 2

· Mechanisms to enable calculation of sidelink pathloss between UEs are introduced

· FFS on the signaling details to enable these measurements

· SL-RSRP measurements are exchanged between eRelay and eRemote UEs

2.3 Sidelink Power Headroom Report and TPC Commands
Additionally, to aid the enhanced power control, a mechanism to estimate transmit power budget is needed. For instance in case of open loop power control towards eNB is enabled, the eNB-UE pathloss of transmitting UE may need to be known at eRemote and eRelay UEs. Alternatively, a sidelink power headroom report (PHR) may be introduced. In case if PHR reports indicate that there is no room to further increase power/SNR, a UE may decide to change MCS or to transmit more TTIs. 
The additional power control commands need to be further studied. The purpose of TPC commands in UL is mainly to track potential channel variations in fast time scale. For D2D and low data rate communication, such fast link adaptation may not bring much benefits however if sidelink power control mechanism is totally left up to UE implementation then it is desirable to have mechanism for transmit power adjustment.
Proposal 3

· Introduce sidelink power headroom reporting between eRemote and eRelay UEs
· Introduce mechanism for sidelink transmit power adjustment (increment/decrement transmit power commands).

· At least eRelay UE can command to adjust sidelink transmit power of eRemote UE

· Signaling details are FFS and can be defined in normative phase
3 Sidelink Feedback / Control Signaling

In order to enable the reporting of feedback information according to the agreements made at the last meeting, a mechanism of embedding the signaling to the existing channels is needed. A natural choice is the usage of MAC Control Element approach. Note, that the MAC CEs are already introduced for PC5, however those are not used in previous releases.
In that sense, several new MAC CEs can be introduced for reporting sidelink feedbacks and control signaling:

· Measurement request: to trigger measurement reporting and configure measurement sets.
· Measurement report: to report the requested or periodic measurements.
· Power headroom report and/or TX power report: to inform eRelay UE about eRemote UE power budget for the purpose of link adaptation.
· Buffer status report: in case of eRelay UE assisted resource allocation, the current traffic demands may be signaled in order to grant sufficient resources for eRemote UE transmission.
· Resource scheduling: in case of eRelay UE assisted resource allocation, the control signaling from eRelay UE to eRemote UE may carry resources for transmission of eRemote UE, i.e. may encode SCI for transmission.
· UE capabilities / BW: eRemote UE may need to signal its capabilities (at least inform about bandwidth limitations) for proper operation of D2D communication with eRelay UE.
Although the MAC CE mechanism is flexible and extendable, its transmission follows the conventional data transmission procedure, i.e. PSCCH + PSSCH. In case there is no data in the direction of reporting, it may cause additional burden to a UE to transmit / process these reports. One potential solution for this is to use dedicated SCI formats to report measurements in case there is no data. This would reduce the number of processed /occupied resources.
Proposal 4
· Signaling of sidelink feedback is supported by both physical (SCIs) and higher layer signaling (e.g. MAC CEs)
· SCI signaling is used to provide

· Scheduling information in eRelay UE assisted mode and eNB controlled mode (forwarding)
· Triggers for sidelink measurement requests/reports

· Activation/deactivation of SPS configurations

· Higher layer PC5 signalling is used to provide (details up to RAN2 WG):
· Sidelink measurement reports and configuration (e.g. SL-RSRP, SL-RSSI);
· Sidelink power headroom reports;
· Resource allocation information (pool for transmission and reception);

· Buffer status report;
· UE capabilities (BW, etc.).
4 Summary

In this contribution, we provided our views on benefits of sidelink feedback information and signaling for wearable and IoT use cases. In summary, we have following proposals to improve sidelink communication framework:
Proposal 1

· RAN1 to consider mechanisms to increase reliability of transmissions carrying RLC status reports

· FFS whether there is any specification impact
Proposal 2

· Mechanisms to enable calculation of sidelink pathloss between UEs are introduced

· FFS on the signaling details to enable these measurements

· SL-RSRP measurements are exchanged between eRelay and eRemote UEs
Proposal 3

· Introduce sidelink power headroom reporting between eRemote and eRelay UEs
· Introduce mechanism for sidelink transmit power adjustment (increment/decrement transmit power commands).

· At least eRelay UE can command to adjust sidelink transmit power of eRemote UE

· Signaling details are FFS and can be defined in normative phase
Proposal 4
· Signaling of sidelink feedback is supported by both physical (SCIs) and higher layer signaling (e.g. MAC CEs)

· SCI signaling is used to provide

· Scheduling information in eRelay UE assisted mode and eNB controlled mode (forwarding)
· Triggers for sidelink measurement requests/reports

· Activation/deactivation of SPS configurations

· Higher layer PC5 signalling is used to provide (details up to RAN2 WG):
· Sidelink measurement reports and configuration (e.g. SL-RSRP, SL-RSSI);
· Sidelink power headroom reports;

· Resource allocation information (pool for transmission and reception);

· Buffer status report;
· UE capabilities (BW, etc.).
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