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Introduction
In RAN2#93bis meeting, the working scope of R14 feD2D was discussed. Several agreements on the scenario and objectives had been reached [1]. For example, any UE category, such as Category 0, Category M1, NB-IoT, can be considered as a starting point. The relay architecture should cover both 3GPP and non-3GPP. Remote UEs in normal coverage or extended coverage shall be studied. The primary objective is to address power efficiency and bit rate improvements are not excluded. 
However, there are still some FFS issues. For example, how sidelink communication can be done with eMTC BW limitation and it is FFS if we will include NB-IoT UEs based on RAN1 TUs, use cases and impacts. In this paper, we will discuss how the sidelink communication could be supported with bandwidth limitation. The potential use cases and impacts for the NB-IoT are further analyzed. Several observations and proposals are presented based on the discussion. 
Discussion
Design considerations for sidelink with bandwidth limitation
R13 eMTC UE is the bandwidth reduced low complexity UE which can operate in any LTE system bandwidth but with a limited channel bandwidth 6 PRBs in downlink and uplink [2]. In other word, the UE only supports 1.4MHz RF bandwidth in downlink and uplink. Compared with R13 eMTC UE, the NB-IoT UE only supports 180KHz RF bandwidth for both downlink and uplink. We may categorize both of them as BL (Bandwidth reduced Low complexity) UEs.
As agreed in RAN2#94bis meeting, the BL UE in normal coverage or extended coverage shall be studied in R14 feD2D. The BL UE could communicate through a relay UE to the 3GPP network as shown in Figure 1. To be specific, the BL UE may directly receive the system information and paging from eNB while delivering its UP and/or CP traffic (depends on the routing scenario discussion) via the relay UE through sidelink communication. However, before the UP and/or CP traffic could be forwarded by the relay UE, BL UE should first discover nearby Relay UEs. Namely, the BL UE should first make sure that suitable Relay UEs are nearby and establish the direct connection with Relay UE before it initiates the PC5 based traffic forwarding. As we can see, both the sidelink discovery and sidelink communication should be considered for the indirect 3GPP connection via a relay. 


Figure 1 Illustration of indirect 3GPP connection via a relay
Since the RF bandwidth of BL UE is restricted to 1.4MHz or 180KHz, the sidelink discovery and sidelink communication between BL UE and Relay UE should also be restricted to 1.4MHz or 180KHz. In order to support the bandwidth limited sidelink for BL UE, three issues are identified, such as bandwidth limited sidelink resource pool, bandwidth limited sidelink resource allocation and bandwidth limited sidelink reception. We will discuss them one by one.
Observation 1: In order to support the BL (bandwidth restricted low complexity) UE, both the sidelink discovery and sidelink communication should be considered to adapt to the bandwidth limitation in R14 feD2D.
Bandwidth limited sidelink resource pool
The first issue needs our attention is how to configure the sidelink resource pool for BL UE. As we know, the sidelink reception is performed by UE monitoring the sidelink reception resource pool. And for the mode 2 resource allocation, the UE randomly select a sidelink transmission resource from the sidelink transmission resource pool. All these require the bandwidth limited resource pool configuration. In fact, the sidelink resource pool design specified in R12 could be scalable to different system bandwidths. Figure 2 presents an illustration of sidelink communication resource pool. The subframe bitmaps for SC and SL data indicate the subframe resources used for sidelink. For a specific subframe with SL data resource, the sidelink communication can occur on PRB with index greater than or equal to prbStart and less than prbStart + prbNum, and on PRB with index greater than prbEnd - prbNum and less than or equal to prbEnd. The prbStart, prbEnd could range from 0~99 whereas the the prbNum could range between 1~100. Similar to the SL data resources, the sidelink discovery and the SC resource share the same design within a subframe. As we can see, the sidelink resource pool could be flexibly configured within narrowband to support the BL UE.


Figure 2 Illustration of sidelink communication resource pool
Observation 2: The sidelink resource pool design in R12 could be scalable to different bandwidths. 
Proposal 1: The sidelink discovery and communication resource pool could be configured within a narrowband to support the BL UE.
Bandwidth limited sidelink resource allocation
For the R13 eMTC UE, eNB may schedule the Uu resource within a narrowband for it on a given subframe. However, the narrowbands of the Uu resource allocated to eMTC UE may change over subframes. When it comes to the sidelink resource allocation, it seems that the narrowband used for sidelink transmission could also change over subframes. 
For the mode 1 resource allocation, upon receiving the SL BSR from eMTC UE, the eNB may first decides which narrowband shall be used and then which sidelink resource on this narrowband shall be allocated. Subsequently the eMTC UE uses the allocated sidelink resource within a narrowband for its sidelink transmission. Alternatively, the narrowband used for the sidelink transmission could also be fixed for the sake of simplicity. 
For the mode 2 resource allocation, the eNB may configure multiple bandwidth limited sidelink transmission resource pools to the R13 eMTC UE. And the R13 eMTC UE may be free to decide which bandwidth limited sidelink transmission resource pool shall be used and then randomly select the sidelink resource from  the pool for its transmission. Alternatively, the eNB may select one sidelink transmission narrowband and only configure the sidelink resource pools on this narrowband for the eMTC UE. 
When it comes to the NB-IoT UE, it could only support the Uu resource allocation on fixed narrowband. Correspondingly, sidelink resource allocation for NB-IoT UE should be fixed on one narrowband and this narrowband should be shared with its UL Uu resource allocation, no matter mode 1 or mode 2 resource allocations are used. 
In a sum, the sidelink resource allocation on fixed narrowband should be supported. Whether the sidelink resource allocation on dynamic narrowband shall be supported could be evaluated and decided in SI phase.
Observation 3: Both Mode1 and Mode 2 sidelink resource allocation could be supported for BL UE. For R13 eMTC UE, the narrowband used for sidelink transmission could change over subframes. For NB-IoT UE, it could only support the sidelink resource allocation on fixed narrowband and the narrowband should be shared with its UL Uu resource allocation.
Proposal 2: For a specific BL UE, the sidelink resource allocation over fixed narrowband should be supported. Whether the sidelink resource allocation over dynamic narrowbands should be supported could be evaluated and decided in SI phase.
Bandwidth limited sidelink reception
As shown in Figure 1, the Relay UE may transmit the relay discovery message, PC5 signaling and forward data packets to BL UE via PC5. For the BL UE served by this Relay, it needs to monitor the sidelink reception resource pool to receive these message/signaling/packets. Due to the Rx RF bandwidth limitation, the BL UE could only monitor the bandwidth limited sidelink reception resource pool, which means that the sidelink transmission from Relay UE destined to the BL UE should be confined within a narrowband. 
Suppose multiple narrowbands are supported and multiple bandwidth limited sidelink resource pools are configured on these narrowbands, it is advantageous for the BL UE to know which narrowband or bandwidth limited sidelink resource pool shall be used by the Relay UE. In this way, the BL UE only needs to monitor one narrowband over PC5. Since the sidelink transmission resource used by Relay UE is either allocated by the eNB or selected by the Relay UE itself, it is necessary to support the sidelink resource coordination among BL UE, Relay UE and eNB. For example, the eNB or Relay UE may notify the BL UE the bandwidth limited sidelink reception resource pool or the narrowband that shall be monitored by the BL UE. The detailed solutions could be discussed in the SI phase.
It is not clear if the Relay UE is bandwidth limited. Suppose it is not bandwidth limited, the Relay UE should be capable of monitoring all the sidelink resource pools. No matter which narrowband is used by BL UE for sidelink transmission, the Relay UE should be able to receive it. However, if the Relay UE is bandwidth limited, the Relay UE should also be notified of the sidelink reception resource pool or narrowband that it shall monitor. 
Observation 4: Due to the Rx RF bandwidth limitation, the BL UE could only monitor the bandwidth limited sidelink reception resource pool, which means that the sidelink transmission from Relay UE targeted to the BL UE should be confined within a narrowband.
Proposal 3: It is advantageous for the BL UE to know which narrowband or bandwidth limited sidelink resource pool shall be used by the Relay UE. Since the sidelink transmission resource used by Relay UE is either allocated by the eNB or selected by the Relay UE itself, it is necessary to support the sidelink resource coordination among BL UE, Relay UE and eNB.
Other considerations for NB-IoT
Generally speaking, NB-IoT should support 3 different modes of operation: 
· Stand-alone operation: utilizing for example the spectrum currently being used by GERAN systems as a replacement of one or more GSM carriers, as well as scattered spectrum for potential IoT deployment.
· Guard band operation: utilizing the unused resource blocks within a LTE carrier’s guard-band.
· In-band operation: utilizing resource blocks within a normal LTE carrier.
Based on the three operation modes, three NB-IoT deployment use cases could be considered for R14 feD2D relay as shown in Figure 3.
· Use case 1: The eNB is operated in stand-alone mode. In this case, since the eNB implementation is non-backward compatible, not only the remote UE but also the relay UE should be NB-IoT UE. 
· Use case 2: Suppose the eNB supports the aggregation of normal LTE carrier and standalone NB-IoT carrier, the NB-IoT remote UE camps on the standalone NB-IoT carrier whereas the non bandwidth limited relay UE camps on the normal LTE carrier. However, the eNB may configure the sidelink resource on the standalone NB-IoT carrier to relay UE for the PC5 data forwarding between NB-IoT remote UE and normal relay UE.
· Use case 3: The eNB supports the guard band operation or in band operation of NB-IoT. In this case, the relay UE may be in the form of NB-IoT UE or normal UE. Suppose the NB-IoT relay UE is used, both the remote UE and relay UE utilize the resource block within LTE carrier’s guard band or normal LTE carrier for its Uu and PC5 communication. 


Figure 3 Potential NB-IoT deployment use case for R14 feD2D relay
Proposal 4: RAN2 is suggested to consider the three NB-IoT deployment use cases for R14 feD2D relay, such as standalone carrier, carrier aggregation, inband or guard band. 
Based on the above three use cases, we give a preliminary analysis of the potential design issues. The key issues are listed as follows:
1) The feasibility of NB-IoT UE based relay
Relay UE needs to forward the data traffic from multiple remote UEs. The data forwarding for other remote UEs is generally energy consuming. However, from the perspective of NB-IoT remote UEs, they could be benefit from the relay forwarding since the repetition times for its data transmission is expected to be greatly reduced. And for the standalone carrier NB-IoT deployment, only NB-IoT Relay UE could be supported. So it is doubtful if the NB-IoT UE should be supported to act as relay UE.
2) Reuse the R13 sidelink PHY layer or design new NB-IoT based sidelink PHY layer
For the sidelink transmission between NB-IoT UE and relay UE, two design choices may be considered. First one is to reuse the R13 sidelink design with some bandwidth limitation enhancement as discussed in Section 2.1. However, this requires the NB-IoT UE be additional set of R13 sidelink baseband processing. The second one is to design the sidelink PHY layer tailored for NB-IoT UE, which reuses the legacy NB-IoT PHY layer design as much as possible. The first choice requires less specification efforts whereas the second choice seems more cost effective. In our opinion, which one should be selected needs further evaluation by RAN1 and RAN4.
3) Necessity for the sidelink transmission repetition
It is regarded that the traffic forwarding of relay UE may greatly reduce the repetition times of NB-IoT UE’s Uu data transmission. However, it is not clear if the repetitions could be totally eliminated. Suppose the NB-IoT UE is deployed in the deep coverage and discovers a relay for data forwarding, the repetition times may be still necessary for sidelink but with a less number. 
On the other hand, it is interesting to explore if the repetition times could be shared over the Uu and sidelink. For example, the NB-IoT UE may transmit its data packets to both relay UE and eNB. Upon receiving the packet from NB-IoT UE, the relay UE may help to forward the same packets to eNB. eNB may merge the transmission from both Relay UE and NB-IoT UE. In this way, the repetition time could be greatly reduced from the perspective of NB-IoT UE. 
4) The impact of half duplex
As we know, the sidelink transmission and reception can only operate in half duplex mode since the sidelink resource is only configured in the UL subframes. In R12 and R13, the impact of half duplex has been extensively discussed and many solutions have been designed to mitigate this issue. When it comes to NB-IoT UE, this issue becomes worse since the NB-IoT UE can only operate in half duplex mode. It means that the RF chain of NB-IoT UE should be used for the Uu reception on DL carrier, PC5 reception on UL carrier, Uu transmission on UL carrier, PC5 transmission on UL carrier in TDD way. This potential impact of joint half duplex of NB-IoT and sidelink is suggested to be further investigated by RAN1. 
Proposal 5: RAN2 is suggested to evaluate the following issues together with RAN1 and RAN4: the feasibility of NB-IoT UE based relay, reuse the R13 sidelink PHY layer or design new NB-IoT based sidelink PHY layer, necessity for the sidelink transmission repetition, and half duplex impact.
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
In this paper, we discussed how the sidelink communication could be supported with bandwidth limitation. The potential use cases and impacts for the NB-IoT were further analyzed.  Several observation and proposals have been outlined below for further study.
Observation 1: In order to support the BL (bandwidth restricted low complexity) UE, both the sidelink discovery and sidelink communication should be considered to adapt to the bandwidth limitation in R14 feD2D.
Observation 2: The sidelink resource pool design in R12 could be scalable to different bandwidths. 
Proposal 1: The sidelink discovery and communication resource pool could be configured within a narrowband to support the BL UE.
Observation 3: Both Mode1 and Mode 2 sidelink resource allocation could be supported for BL UE. For R13 eMTC UE, the narrowband used for sidelink transmission could change over subframes. For NB-IoT UE, it could only support the sidelink resource allocation on fixed narrowband and the narrowband should be shared with its UL Uu resource allocation.
Proposal 2: For a specific BL UE, the sidelink resource allocation over fixed narrowband should be supported. Whether the sidelink resource allocation over dynamic narrowbands should be supported could be evaluated and decided in SI phase.
Observation 4: Due to the Rx RF bandwidth limitation, the BL UE could only monitor the bandwidth limited sidelink reception resource pool, which means that the sidelink transmission from Relay UE targeted to the BL UE should be confined within a narrowband.
Proposal 3: It is advantageous for the BL UE to know which narrowband or bandwidth limited sidelink resource pool shall be used by the Relay UE. Since the sidelink transmission resource used by Relay UE is either allocated by the eNB or selected by the Relay UE itself, it is necessary to support the sidelink resource coordination among BL UE, Relay UE and eNB.
Proposal 4: RAN2 is suggested to consider the three NB-IoT deployment use cases for R14 feD2D relay, such as standalone carrier, carrier aggregation, inband or guard band. 
Proposal 5: RAN2 is suggested to evaluate the following issues together with RAN1 and RAN4: the feasibility of NB-IoT UE based relay, reuse the R13 sidelink PHY layer or design new NB-IoT based sidelink PHY layer, necessity for the sidelink transmission repetition, and half duplex impact.
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