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1 Introduction

At RAN1#88b meeting, the following agreement about BW limitations for remote UEs [1] was reached:

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
In this contribution, we will discuss the narrow band feD2D communication for 6 PRBs. The design for 1 PRB BW limitation will be discussed as well.
2 Discussion
2.1 Consideration on narrow band feD2D design for 6 PRBs
For Rel-12/13 D2D, the system bandwidth is full band, because power consumption is not a big issue. For FeD2D, there was an agreement that relay UEs support system bandwidth from 1.4MHz and above while at least 6 PRBs bandwidth limitation is supported for remote UEs. For feD2D, the following aspects should be considered for narrow band feD2D communication for 6PRBs. 
Narrow band specific resource allocation
For devices with 6 PRBs BW, multiple remote UEs may be connected to one relay UE. In these cases, the relay UE needs to be able to efficiently manage resources between remote UEs in order to provide conflict free operation (i.e. manage resources as a sidelink group head). It was agreed to study relay UE assisted resource allocation and configuration under eNB control [1]. However, due to remote UE occupying 6 PRBs limited bandwidth and relay UE occupying full bandwidth, there are some potential issues about resource allocation that need to be considered, such as: 
· Resource configuration for narrow band remote UE and wide band relay UE. Firstly, we need to define the resource pool/resources for the paired relay UE and narrow band remote UEs. Both statically configured and some relay controlled resources can be allocated to the paired sidelink communication. Before the communication, the remote UE should know its candidate narrow band resource within the relay UE’s bandwidth. Secondly, there would be more than one relay UEs within the network, hence for some relay UE it also should know its own relay specific resource. Furthermore, if there are more than one narrow band remote UEs, the mechanism design should consider how to allocate the narrow band for different remote UEs, and how the relay UE communicates with multiple different subband remote UEs.
· Half-duplex for narrow band remote UE and wide band relay UE. If the sharing resource pool is used by remote UE and relay UE, it is possible that the remote UE uses the same subframe with the associated relay UE. As a result, there would be half-duplex conflict on sidelink transmission and reception, which should be avoided.
· Hopping pattern for narrow band remote UE and wide band relay UE. The hopping pattern has been defined for UEs supporting full bandwidth in the same resource pool in D2D. But now the bandwidth will be different from relay UE and remote UE. Related adapting is also needed for hopping pattern in the paired sidelink communication. 
Observation 1: The following potential issues about resource allocation need to be considered for narrow band remote UE and wide band relay UE:

· Resource configuration
· Half-duplex
· Hopping pattern
Narrow band specific power control
The sidelink power control is another inefficient functionmainly due to broadcast nature of sidelink communication. The limited bandwidth could reduce the power consumption for remote UE. However, narrow band power transmission could bring some negative impact for remote UE, such as coverage limitation. When remote UE could not detect a relay UE within limited power, how to expand the coverage range for remote UE needs to be considered. For this case, the subband power boosting can be considered if the coverage is limited. 
Observation 2: Power boosting can be considered for narrow band remote UE transmission.
Narrow band specific link adaptation 
For an acceptable reliability, potential enhancement for link adaptation should be studied [1]. For commercial use with low power consumption requirement, blind retransmission used in R12/R13 D2D is not suitable any more. Link adaptation mechanism should be studied for narrow band feD2D communication. The transmitter can adaptively change the MCS value according to the received information such as channel condition, interference level, etc. Considering one relay UE could communicate with more than one narrow band remote UEs simultaneously, and each remote UE may have different requirement such as data rate and QoS, therefore different priority levels for links between the paired relay UE and the remote UE can be defined to meet different requirements, and the retransmission number for remote UE could be adaptively adjusted according to sidelink priority level. 

Proposal 1: The retransmission number for remote UE could be adaptively adjusted according to sidelink priority level.
2.2 Consideration on narrow band feD2D design for 1 PRB
According to last RAN1 meeting [1], supporting IoT type UEs with 1 PRB bandwidth is still open in FeD2D. In this section, we will discuss whether the design for 6-PRB bandwidth can be reused for 1 PRB bandwidth. For general design aspects such as resource allocation,power control and link adaptation, the above issues are similar with these for 1 PRB bandwidth. Therefore, the general design for 1 PRB bandwidth can reuse that for 6 PRBs bandwidth. 

However, there are some additional potential issues for 1 PRB bandwidth devices. One is PSDCH design. Currently, a sidelink discovery message occupies 2 PRBs per subframe. If the discovery message size keeps the same, the discovery message transmission needs to be further studied due to 1 PRB bandwidth limitation. The other is synchronization signal and channel design. Since the bandwidth of synchronization signal/PSBCH occupied 6 PRBs, the synchronization signal/PSBCH needs to be redesigned for a bandwidth lower than 6 PRBs.
According to the above analysis, we give the following proposal:

Proposal 2: For narrow band feD2D communication, the design for 1 PRB BW limitation can reuse that for 6 PRBs BW except that the discovery message transmission and the synchronization signal need to be further studied for 1 PRB BW.
3 Conclusion

In this contribution, narrow band feD2D communication for 6 PRBs and 1 PRB BW limitation are discussed. Based on the discussion and analysis, we have the following proposals:
Observation 1: The following potential issues about resource allocation need to be considered for narrow band remote UE and wide band relay UE:

· Resource configuration
· Half-duplex
· Hopping pattern
· Observation 2: Power boosting can be considered for narrow band remote UE transmission.

Proposal 1: The retransmission number for remote UE could be adaptively adjusted according to sidelink priority level.
Proposal 2: For narrow band feD2D communication, the design for 1 PRB BW limitation can reuse that for 6 PRBs BW except that the discovery message transmission and the synchronization signal need to be further studied for 1 PRB BW.
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