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1. Introduction
In RAN1#85, the followings were agreed. 
Agreements:
· NR should allow for efficient same frequency operation between the access link and backhaul link
· NR should also allow for efficient operation when the backhaul link and access link are on different frequencies. This includes:
· Operation of backhaul link and access link on different frequencies in the same band
· Operation of backhaul link and access link in different bands
· Note: The term ‘backhaul link’ does not make any assumption on NR RAN architecture design options

In this contribution, we further discuss design considerations for relay operation particularly when access and backhaul link share the same band either via TDM or FDM manner including handling of mobile relays.
2. Discussion

2.1. Dynamic resource sharing between access and backhaul link
There are multiple cases where dynamic backhaul signaling is necessary as the followings. 
(1) Real-time coordination among cells (ICIC): for example, when dynamic DL/UL configuration change occurs in every subframe, and coordination among cells is necessary, then real-time backhaul signaling needs to be supported. 
(2) Relay: to relay data from one cell to another, dynamic backhaul signaling depending on data arrival is necessary. 

In terms of resource sharing between backhaul and access link, different levels of TDM or FDM can be considered. The basic resource sharing can be based on subframe-level TDM and FDM between access and backhaul link. However, there are a few issues to be further considered in NR design. 
· Different numerology and/or CP requirement in backhaul and access link: due to different scenario for backhaul link and access link, for example, in scenarios where outdoor channel mode between macro and relay node and indoor channel mode between relay node and UEs in high speed train can coexist or LTE numerology between LTE and NR eNBs for backhaul link and NR numerology for access link scenario can be used, applying different numerology in each link could be necessary. Furthermore, to handle low latency backhaul signaling, utilizing larger subcarrier spacing in backhaul link can be considered. 
· Short term backhaul link (e.g., ICIC signaling) resource usage: as there could be very short backhaul messages which requires low latency with small data rate, sharing resources with access link in a subframe level can be inefficient. Also, when URLLC traffic is supported in access link, reserving one or more subframes for backhaul link can affect the overall latency of URLLC traffic. Thus, resource sharing within a subframe between access and backhaul link needs to be considered. 
· Multi-hop relay operation: in NR relay scenario, multi-hop relay operation between eNBs or between UEs are considered. In case of multi-hop relay operation, in relay link, multiple different source and destination pairs need to share the same resource. Thus, reserving the resource for backhaul link only based on semi-static manner can become very inefficient. Furthermore, when relay link is not used (as no data has arrived), it should be able to utilize the resource for access link. In that sense, dynamic resource sharing between two links is essential. 
Based on the above observations, we consider that the frame structure and relay design of NR should allow the followings. 

· Support multiplexing of different numerologies between backhaul and access link

· Support fine granularity resource sharing between links, shorter than subframe length

· Support dynamic resource sharing between backhaul and access link

To support the requirements, one of possible approach is to define a mini-subframe which can be a basic unit of resource which can be used either backhaul or access link in a subframe. 
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Figure 1. Mini-subframe based backhaul and access link sharing

In Figure 1, an example of backhaul and access link is illustrated where backhaul link can utilize 15 kHz NCP numerology whereas access link can utilize 30 kHz NCP numerology. A mini-subframe of access link can consist of 2 OFDM symbols where 7 mini-subframes can be defined in a subframe. In case, one or a few OFDM symbols are used for backhaul link, for example, control channels of backhaul data transmission, it is expected that the eNB will listen on backhaul link to see whether there is any scheduled data in a given backhaul subframe. When there is no scheduling, the eNB can initiate DL/UL on access link dynamically. To allow efficient multiplexing between access and backhaul link, subframe boundary of each frame structure may not be aligned to minimize the overlap of control regions of backhaul and access link. To protect both downlink and uplink control portion of access link, staggering of two mini-subframes can be also considered. 
To allow dynamic resource sharing between access and backhaul link, it would be beneficial to dynamically indicate the start and end of DL burst or UL burst in each subframe. For example, if dynamic backhaul signaling is necessary, DL burst or UL burst length and location can be dynamically adjusted to accommodate backhaul resource in a subframe. 

So far, TDM approach between access and backhaul link is being discussed. When FDM between access and backhaul link is considered, which would be more efficient in handling of low latency applications such as URLLC or handling different numerology/frame structure as discussed in our companion contribution [1], FDM needs to be also considered. FDM in unpaired spectrum can be done by aligning DL and UL of access/backhaul links, by employing necessary guard band and cancellation techniques [1] or by employing in-band full duplex capabilities. Further considerations on various FDM options between backhaul and access links are necessary. 

Proposal 1: Dynamic and flexible resource sharing between access and backhaul link is supported in new RAT. Proposal 2: Consider a mini-subframe as the minimum unit size used for resource sharing between links. 

Proposal 3: Further consideration on efficient FDM resource multiplexing mechanisms between two links is necessary. 

2.2. Design consideration with mobility
Relaying operation in New RAT should be enabled even when the relay node has mobility, e.g., to support the high speed train scenario. To support the mobile relay scenario effectively, some aspects related to the synchronization and cell association need to be studied firstly.
One aspect to consider is how to determine the TTI boundary in the access link. The design principle of the LTE relaying operation, which is for static eNB-type relay nodes, was that the access link TTI boundary is derived from the backhaul link TTI boundary (a fixed non-zero offset can be applied depending on the operation scenario). In general, such TTI alignment has the benefit that TDM between the two links can be facilitated. On the other hand, if the relay node has high mobility, the arrival time of the DL backhaul signal will vary frequently; the propagation delay changes in a continuous manner when the relay node resides within a cell and a sudden change will occur when the relay node is handed over to another cell with the change amount dependent of the synchronization status and difference of the cell range between the source and target cells. If such change in the backhaul link TTI boundary results in the same level of change in the TTI boundary of the access link, it may be difficult for the UEs connected to the relay node to maintain the synchronization. 
Another aspect is how to coexist the basic signals of the backhaul and access link under the mobility situation. It is assumed in this discussion that a BS or a relay node needs to transmit basic signals (e.g., synchronization signal, RS for RRM, etc) with a predefined periodicity. So, in the inband relaying case without the full duplex capability or supporting FDM, the time instance of the basic signals in the backhaul link (to be received by the relay node) needs to be separated from that in the access link (to be transmitted from the relay node). As the relay node needs to receive such basic signals in the backhaul link not only from its serving cell but also from the neighbouring cells that may use different time for the basic signal for the ICIC purpose and be potentially unsynchronized, it may not be straightforward to ensure the above-mentioned TDM of basic signals in the backhaul and access links in the mobile relaying cases. RAN1 can study on how to ensure continuous basic signal transmissions from the relay node, e.g., by proper coordination between BSs and the relay node, and if it is deemed infeasible in some cases, solutions needs to be studied to mitigate the impact of interrupted basic signal transmissions from the relay node.
Proposal 4: RAN1 needs to discuss how to determine the TTI boundary of the access link. This discussion needs to take into account time-varying TTI boundary of the backhaul link and its impact on the synchronization maintenance of the UEs connected to the relay node in the mobile relay cases.
Proposal 5: RAN1 needs to study how to multiplex the periodically transmitted basic signals (e.g., synchronization signals, RS used for RRM) of the relay node and its serving and neighbouring cells. If interruption to the basic signal transmission from the relay node is unavoidable in some cases, a solution needs to be studied to mitigate the impact.
3. Conclusion
This contribution discusses design considerations on NR relay design, particularly for resource sharing with access link and handling of mobile relay. The proposals are as the follows. 
Proposal 1: Dynamic and flexible resource sharing between access and backhaul link is supported in new RAT. Proposal 2: Consider a mini-subframe as the minimum unit size used for resource sharing between links. 

Proposal 3: Further consideration on efficient FDM resource multiplexing mechanisms between two links is necessary. 

Proposal 4: RAN1 needs to discuss how to determine the TTI boundary of the access link. This discussion needs to take into account time-varying TTI boundary of the backhaul link and its impact on the synchronization maintenance of the UEs connected to the relay node in the mobile relay cases.
Proposal 5: RAN1 needs to study how to multiplex the periodically transmitted basic signals (e.g., synchronization signals, RS used for RRM) of the relay node and its serving and neighbouring cells. If interruption to the basic signal transmission from the relay node is unavoidable in some cases, a solution needs to be studied to mitigate the impact.
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