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1 Introduction

At the RAN1#88bis meeting, the bandwidth limitations on both Relay UE and Remote UE were discussed, and it was agreed that whether to support 1 PRB limitation on remote UE is for further study [1]:

Agreement

· Evolved UE-to-NW Relay UEs support all DL/UL/SL system bandwidth capabilities (i.e. system BW from 1.4MHz and above is supported)

· BW limitations are supported for Remote UEs

· RAN1 focuses on UEs that can transmit and receive in at least 6 PRBs at the upcoming meetings (till RAN1#89).

· RAN1 can study whether 1 PRB BW limitation can be supported by reusing solutions similar to the ones defined for 6 PRB case at least for physical layer design
At RAN1#89 meeting, the following agreements about 1 PRB BW limitations for remote UEs [2] were reached:

Agreement 

· SLSS/PSBCH format in Rel-12/13 can be reused for FeD2D at least for 6 PRB bandwidth limited UEs.

· FFS for 1 PRB BW limited UEs
Agreement

· The following discovery design enhancements are further studied

· Multi-shot discovery transmission across bandwidth of discovery pool(s) for Relay UE
· eNB assistance signaling to allow/improve Relay UE discovery

· Association of discovery transmission and reception resources
· Narrowband definition for discovery operation including 1 PRB and 6 PRB narrowband
In this contribution, we will discuss a relaying scenario for 1 PRB remote UE with limited coverage at first. Then we will discuss the physical layer design aspects for supporting 1 PRB operation.
2 Discussion
2.1 Motivation and scenario for 1 PRB operation in FeD2D

In the SID [3], three coverage scenarios were captured for study, one of which is for 1PRB bandwidth limited remote UE in enhanced coverage:

Evolved ProSe UE-to-Network Relay UE has a Uu connection to the eNB and evolved Remote UE can be in enhanced coverage (enhanced coverage implies that the UE is connecting to the network via NB-IOT or Rel-13 MTC in CE mode)
Figure 1 shows an example of the scenario, where the narrowband device means a device supporting limited bandwidth such as 1 PRB. In some cases, the remote UEs like water meters may be deployed in deep underground or at the edge of a cell. To achieve the target coverage enhancement (CE) level, large number of repetitions for both UL transmission and DL transmission would be required, which will increase the power consumption of the device on transmission and reception. Taking UL transmission for example, there could be a huge difference in estimated battery life between normal coverage (MCL=144dB) and extended coverage (MCL=164dB) [4]. In other words, with relay, the sidelink between remote UE and relay UE providing improvement for remote UEs (e.g., MCL=164dB) can bring significant power consumption benefits.
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Figure 1. Coverage scenario for 1 PRB bandwidth limited devices
Observation: UE-to-NW relay is beneficial for reducing power consumption of remote UE in enhanced coverage.
In order to combat the possible negative impacts caused by complex deploying environment, e.g. deep underground, and to meet some extreme CE level requirement, it is reasonable for the relay UE to support 1-PRB system bandwidth, as shown in Figure 1. Hence we propose to extend the relay UE capability:
Proposal 1: 1 PRB system bandwidth capability is supported by relay UE. 
2.2 Physical layer design aspects for 1 PRB bandwidth limitation
In this section, we will discuss whether the physical layer designs for 6-PRB bandwidth limitation can be reused for 1-PRB case.

Resource configuration

In our companion contribution [5], we have discussed the resource configuration between PSCCH pool and PSSCH pool, and propose the FDM based multiplexing. This kind of resource configuration can be reused for 1-PRB bandwidth operation. Each PSCCH pool occupies 1 RB in frequency domain, so it can fit well with the 1PRB operation of remote UEs. Since the possible PSCCH resources can be reused by data and TDM between PSCCH and PSSCH is supported from UE perspective, SA and the associated data of a 1-PRB remote UE can be transmitted in the same RB even under the FDMed resource pool configuration.
Resource allocation
Among the three kinds of resource allocation mechanisms, remote UE assisted resource allocation is not suitable for 1-PRB bandwidth operation. The main consideration is that the remote UE is sensitive to power consumption and the retransmissions caused by collision will increase the power consumption of the remote UE. 
For eNB controlled resource allocation and relay UE assisted resource allocation, there is no additional enhancement required for 1-PRB case. 
Power control
Since power control mechanism design has little relationship with the bandwidth, the design for 6-PRB sidelink operation case can be reused for 1-PRB case.

One concern is whether the remote UE should support UE-UE pathloss measurement and whether the remote UE can control its transmission power. We think it is similar to 6-PRB bandwidth case. Considering the UE complexity, the measurement and control can be done by the relay UE.
Feedback and link adaptation
In NB-IoT, there is no closed-loop feedback except HARQ ACK/NACK, i.e., there is no measurement feedback, nor CSI/CQI/etc. This was done to reduce the amount of UL transmissions to the minimum possible, and also to simplify the overall system flow. To maintain the similar complexity with NB-IoT, simple link adaptation such as changing the number of retransmissions based on ACK/NACK can be considered. 

PSDCH design
Currently, a sidelink discovery message occupies 2 PRBs that exceeds the bandwidth of low complexity devices with 1 PRB bandwidth capability. In order to support PSDCH discovery by bandwidth limited UEs, one option is that the message size of single PSDCH transmission (which is currently 232 bits) needs to be reduced in order to fit to 1 PRB allocation.  Alternatively, if the discovery message size keeps the same, the discovery message transmission needs to be further enhanced due to 1 PRB bandwidth limitation, such as extending the discovery message into two consecutive subframes while limiting the bandwidth to 1 RB. 
Synchronization signal/PSBCH design
For 1-PRB bandwidth operation over sidelink, the bandwidth of synchronization signal/PSBCH should be reduced to 1 PRB. The synchronization channel structure and signals derived from NB-IoT can be considered for 1-PRB case. 
From the discussion, we can observe most design aspects can be shared for both 6-PRB bandwidth limitation case and 1-PRB bandwidth limitation case, with some exception in PSDCH design and synchronization design.
Proposal 2: Designs for 6-PRB bandwidth limitation case can be reused for 1-PRB bandwidth limitation case, with additional consideration in:

· Feedback and link adaptation;

· PSDCH design;

· Synchronization signal/PSBCH design
3 Conclusion

In this contribution, physical layer design aspects for 1-PRB bandwidth limitation are discussed. Based on the discussion and analysis, we have the following proposals:
Observation: UE-to-NW relay is beneficial for reducing power consumption of remote UE in enhanced coverage.
Proposal 1: 1 PRB system bandwidth capability is supported by relay UE. 
Proposal 2: Designs for 6-PRB bandwidth limitation case can be reused for 1-PRB bandwidth limitation case, with additional consideration in:

· Feedback and link adaptation;

· PSDCH design;

· Synchronization signal/PSBCH design
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