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Introduction
In last RAN1#86 meeting, several contributions related to random access channel (RACH) procedure for new radio (NR) have been noted [1]-[3]. In [4], the following agreements were achieved on RACH procedure for NR.
Agreements:
· RACH procedure including RACH preamble (Msg. 1), random access response (Msg. 2), message 3, and message 4 is at least assumed for NR from RAN1 perspective
· Simplified RACH procedure, e.g., Msg. 1 (UL) and Msg. 2 (DL), should be further studied
· Details on Msg. 1 and Msg. 2 are FFS
· Study should include comparison with the above procedure (first bullet)
· The design of the random access procedure should take into account the possible use of single-beam and multiple beam operations, including
· Non Rx/Tx reciprocity at BS or UE
· Full or partial Rx/Tx reciprocity at BS or UE
· In case that multiple beam-forming is applied to DL broadcast channels/signals for initial access, 
· RACH resource is obtained by UE from detected DL broadcast channels/signals
· FFS: Details on association
· Other mechanism w/o association is also considered
· Multiple occasions for RACH preamble transmission in a given time interval are considered
· Details are FFS
· Other mechanism is not precluded
· Study further RACH reception/RAR transmission in TRPs/beams other than the one transmitting synchronization signals

Since that the high speed train (HST) scenario for Option 2 (30GHz, Macro + relay nodes) were agreed at the RAN1#85 meeting [5], in this contribution, we suggest and discuss the possible RACH procedure which is suitable for HST scenario with relay for NR.
RACH procedure for HST scenario with relay for NR
The discussions and suggestions in this contribution are suitable for the fast moving case but not the train station case where multiple trains may be together with very low mobility or even stop moving. Furthermore, in HST scenario, assume that directional antenna with fixed beam direction is employed by both radio remote heads (RRHs) and on-board relay.
Simplified RACH procedure
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 and handover, when it is necessary. We find that 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 [6]. Obviously, the coverage of each BBU defined in [7] 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. Therefore, the simplified RACH procedure would be good enough for RA in HST scenario with relay. In this simplified RACH procedure, message (Msg.) 1 and Msg. 2 are necessary, and Msg. 3 and Msg. 4 for contention resolution can be removed. Benefits of simplified RACH procedure for HST scenario with relay for NR can be summarized as follows.
· Less RA delay (latency) can be expected due to simplified RACH procedure, which is especially critical for HST scenario.
Observation 2.1: Since the probability of RA collision is very low in HST scenario with relay, the simplified RACH procedure, e.g., with only Msg. 1 and Msg. 2, would be sufficient.
Proposal 2.1: In NR, the simplified RACH procedure, e.g., with only Msg. 1 and Msg. 2 but no Msg. 3 and Msg. 4, should be supported at least for HST scenario with relay.
Physical RACH (PRACH) structure
In HST scenario with relay, PRACH structure can be simplified compared with LTE PRACH structure. In LTE PRACH, a preamble of Zadoff-Chu sequence is transmitted. The purpose of sending preamble in LTE PRACH is to notify eNB an emergence of RA request, to avoid the RA collision, and to estimate timing advance (TA). As described above, in HST scenario with relay, the RA collision probability is very low, and in most of the cases there is only one active relay within the coverage of each BBU. Therefore the preamble would be no more necessary 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.
[bookmark: _GoBack]Note that when TA is not applied to the system, the uplink (UL) subframe will be dynamically located in time domain from the BBU side. An advanced frame structure in [8], which allows dynamic UL reception at BBU, can be applied. Figure 1 shows a possible HST PRACH structure using which the RA collision can be easily avoided by randomly selecting the special symbol locations in time domain. In this special symbol, only relay ID is sent to BBU as RACH Msg. 1. Benefit of HST PRACH structure is that,
· Further reduction of RA delay (latency) can be achieved, since the Msg. 1 and Msg. 2 would be shorten without the use of preamble and TA.
Observation 2.2: 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 2.2: In NR, the use of preamble and TA can be avoided by well designing the PRACH structure for HST scenario with relay for NR. The details of PRACH structure is FFS.


Figure 1. Comparison between LTE PRACH structure (preamble format 0) and a possible HST PRACH structure.
Network RA decision making
The directional network deployment was agreed for HST scenario [7]. As shown in [9], when considering the HST scenario with relay, the biggest challenge of handover in directional HST network deployment is that the radio link failure (RLF) will happen when handover is performed. The reason is that the relay is always attempting to handover from a source cell with strong received power to a target cell with weak received power, in which case the relay may not be able to report the target cell to the source cell or receive a handover command. Therefore, the handover zone (an engineered overlapping area where the measurement report and the handover command can be addressed) would be necessary to overcome this problem [10]. However as a consequence of creating handover zone, several new problems emerge.
· The potential pingpong handover issue needs to be considered in handover zone.
· The handover zone created by overlapping the coverage may reduce the whole coverage and lead to the increase of total site number, etc.
Instead of performing handover and artificially creating handover zone, the relay on HST can perform network RA no matter it is for initial access or handover. That is, in HST scenario with relay, relay station on the train can make the network RA decision based on the downlink measurement and perform RA for both initial access case and handover case. This is possible, since the simplified RACH procedure and no use of preamble may reduce the RA latency dramatically. The traditional handover procedure shows no more advantage compared with the simplified RACH procedure. Benefits of making RA decision by on-board relay are as follows.
· Additional RA delay reduction is possible when relay makes RA decision.
· No need of artificially creating handover zone, so as to reduce the network deployment cost.
· Reduce the handover failure rate.
Observation 2.3: In NR, there is no need to define different RACH procedure for both initial access (RRC_IDLE state) and handover (RRC_CONNECTED state) for HST scenario with relay. The reason is that the traditional LTE handover procedure shows no more advantage compared with the simplified RACH procedure.
Proposal 2.3: In NR, the RRC_IDLE RACH procedure and RRC_CONNECTED RACH procedure can be unified at least for HST scenario with relay. The simplified RACH procedure, e.g., with only Msg. 1 and Msg. 2 but no Msg. 3 and Msg. 4, would be sufficient for RA in both states.
Conclusion
In HST scenario with relay, many benefits can be achieved as follows based on our observations and proposals.
· Less RA delay (latency) can be expected due to simplified RACH procedure, which is especially critical for HST scenario.
· Further reduction of RA delay (latency) can be achieved without the use of preamble and TA.
· Additional RA delay reduction is possible when relay makes RA decision.
· No need of artificially creating handover zone, so as to reduce the network deployment cost.
· Reduce the handover failure rate.
Observation 2.1: Since the probability of RA collision is very low in HST scenario with relay, the simplified RACH procedure, e.g., with only Msg. 1 and Msg. 2, would be sufficient.
Proposal 2.1: In NR, the simplified RACH procedure, e.g., with only Msg. 1 and Msg. 2 but no Msg. 3 and Msg. 4, should be supported at least for HST scenario with relay.
Observation 2.2: 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 2.2: In NR, the use of preamble and TA can be avoided by well designing the PRACH structure for HST scenario with relay for NR. The details of PRACH structure is FFS.
Observation 2.3: In NR, there is no need to define different RACH procedure for both initial access (RRC_IDLE state) and handover (RRC_CONNECTED state) for HST scenario with relay. The reason is that the traditional LTE handover procedure shows no more advantage compared with the simplified RACH procedure.
Proposal 2.3: In NR, the RRC_IDLE RACH procedure and RRC_CONNECTED RACH procedure can be unified at least for HST scenario with relay. The simplified RACH procedure, e.g., with only Msg. 1 and Msg. 2 but no Msg. 3 and Msg. 4, would be sufficient for RA in both states.
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