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Introduction
In the past RAN1#85 meeting, the following agreements were achieved time domain frame structure for new radio (NR) [1].
Agreements:
· At least the following should be supported for NR in a frequency portion
· A time interval X which can contain one or more of the following
· DL transmission part
· Guard
· UL transmission part
· FFS which combinations are supported and whether they are indicated dynamically and/or semi-statically
· Furthermore, the following is supported
· The DL transmission part of time interval X to contain downlink control information and/or downlink data transmissions and/or reference signals
· The UL transmission part of time interval X to contain uplink control information and/or uplink data transmissions and/or reference signals
· FFS length(s) of time interval X
· FFS: other characteristics of time interval X
· Note: The usage of DL and UL does not preclude other deployment scenarios e.g., sidelink, backhaul, relay

Since that the high speed train (HST) scenario for Option 2 (30GHz, Macro + relay nodes) were agreed at the RAN1#85 meeting, in this contribution, we suggest and discuss a time domain frame structure which is especially suitable for HST scenario with relay for NR.
Time domain frame structure for HST scenario with relay
The discussions and suggestions in this contribution are especially suitable for HST scenario with an or-board relay. Furthermore, in HST scenario, assume that directional antenna with fixed beam direction is employed by both radio remote heads (RRHs) and on-board relay.
Behavior in HST scenario with relay during network access
In HST scenario with relay, a relay station is located on the train to forward the data between RRHs and the on-board user equipment (UE). The RRHs are deployed along the rail track. In this case, instead of processing by each UE individually, the relay station will perform network access in both initial access and handover cases, when it is necessary. In this scenario, the total number of simultaneous active relays within the coverage of each baseband unit (BBU) is quite limited. In most of the cases, this number should be one because some tolerance distance between two adjacent trains moving with high mobility on the same rail track should be guaranteed for safety. For example, more than 8 km distance is needed between two adjacent fast moving trains (headway distance) with the mobility of 300 km/h [2]. Obviously, the coverage of each BBU defined in [3] is not big enough to include multiple adjacent fast moving trains. On the other hand, this number can be two or more than two only in the case of train crossing, when two or multiple trains are moving on the adjacent rail tracks. However, even train crossing happens, the collision probability of random access (RA) requests from multiple relays is still very low, because the RA collision only happens when these RA requests are simultaneous received by the same BBU.
Observation 1: The probability of RA collision is very low in HST scenario with relay, and in most of the cases there is only one active relay sending network access request.
Time varying frame structure for dynamic uplink (UL) reception for HST scenario with relay
Based on the observation 1, timing advance (TA) is not necessary any more. This is because that firstly, there is no need to align multiple UL receptions in time domain at BBU side, and secondly, the trains are moving so fast and it will be very difficult to guarantee TA accuracy and update it in time.
 Correspondingly, the use of preamble is not necessary also since that 
· RA collision is not severe and it can be avoided simply by other methods.
· TA is no more necessary in case of only one active relay.
In [4], a possible way of avoiding RA collision during train crossing is introduced, which is very simple for implementation. The description and suggestion in [4] support the idea of removing preamble and TA in HST scenario with relay. The most significant benefit of using no preamble and TA is the reduction of RA delay (latency), which is crucial for HST scenario. The reduction of RA delay (latency) comes from the time saving of transmission/reception of preamble, calculation of correlation and estimation of TA, sending back TA, etc.
Observation 2: Because the RA collision in HST scenario with relay is not severe and it can be avoided simply, preamble and TA related transmission/reception and processing are no more necessary.
When there is no TA in the system, the downlink (DL) transmission time would be fixed but the UL reception time would be time varying seen from the BBU (or base station) side. Figure 1 briefly shows a HST scenario with relay in a unidirectional network. The train is moving to the right direction with a velocity of v(t), and the on-board relay is communicating with the forward BBU(n).

Figure 1. Comparison between LTE PRACH structure (preamble format 0) and a possible HST PRACH structure.


Figure 2. Time domain frame structure with dynamic UL reception.

[bookmark: _GoBack]Figure 2 shows the time domain frame structure seen from BBU side at different time in an ideal case, in which assuming that the length of guard time (GT) can perfectly match two times of transmission delay τmax. In this figure, only the round trip delay has been considered ignoring the other delay such as transmission/reception delay, processing delay, etc. Figure 2(a) shows the case when the relay is located at the cell edge. Relay can always send UL data just after the reception of DL data, and therefore the UL data will be received by BBU after GT from the BBU point of view. As the train moving toward the serving BBU, the time for UL reception is shifting to the DL transmission side as shown in Figure 2(b). As soon as the train is just below the BBU, BBU will receive the UL just after DL transmission as shown in Figure 2(c). Summarizing in general, DL-GT-UL combination of frame structure would be seen by BBU when the relay is at the cell edge, DL-GT-UL-GT combination would be seen by BBU when the train is approaching to BBU, and DL-UL-GT combination would be seen by BBU when the train is just below the BBU. On the other hand, no matter where the relay is, the time domain frame structure seen by relay would be always same as DL-UL-GT. Note that in a practical environment, DL-GT-UL-GT combination seen by BBU is more common because accurate matching and alignment of UL, GT, and delay is not possible. When this frame structure with dynamic UL reception is employed, BBU or BS should be able to find the UL boundary, which is not too much difficult for BBU (BS). For example, some reference signal can be attached to UL part for finding the UL boundary. Similar idea can be applied to the UL only time interval X also. Therefore, we have the proposals as follows.
Proposal 1: The advanced frame structure, which is applicable for the fixed DL transmission and dynamic UL reception in time domain, should be supported at least for the HST scenario with relay for NR.
Proposal 2: The methods for finding the boundary of UL part during reception by BBU (BS) is FFS.
Conclusion
In HST scenario with relay, many benefits can be achieved as follows based on our observations and proposals.
· No need to send preamble during network access.
· TA related processing is not necessary.
· RA delay (latency) reduction can be expected without the use of preamble and TA.
Observation 1: The probability of RA collision is very low in HST scenario with relay, and in most of the cases there is only one active relay sending network access request.
Observation 2: Because the RA collision in HST scenario with relay is not severe and it can be avoided simply, preamble and TA related transmission/reception and processing are no more necessary.
Proposal 1: The advanced frame structure, which is applicable for the fixed DL transmission and dynamic UL reception in time domain, should be supported at least for the HST scenario with relay for NR.
Proposal 2: The methods for finding the boundary of UL part during reception by BBU (BS) is FFS.
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