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Introduction
In last RAN1#86bis meeting, a way forward (WF) related to the simplified 2-step random access channel (RACH) procedure for new radio (NR) has been agreed [1], and a LS based on the agreements has been sent to RAN2 [2]. The agreements related to the simplified 2-step RACH procedure for NR are listed as follows.
Agreements:
· RAN1 is studying and some companies see potential benefits of a simplified RACH procedure consisting of two main steps (Msg1 and Msg2) for UEs
· RAN1 has discussed the following: 
· The use of a UE identity in Msg 1
· Msg 2: RA response that is addressed to the UE identity in Msg 1
· FFS on the definition and choice of the UE identity
· FFS on the applicability scenarios of simplified RACH procedure 
· RAN1 to send LS to RAN2
· RAN1 is aware that RAN2 is also studying the RACH procedure and RAN1 would like to inform RAN2 to take the above into considerations and would like to request any feedback on UE identities and associated procedure and also ask the corresponding applicable scenarios

In this contribution, the potential benefits by implementing the simplified 2-step RACH procedure in high speed train (HST) scenario are presented. Furthermore, the possible Msg 1 and Msg 2 in 2-step RACH procedure are discussed.
Simplified 2-step RACH Procedure in HST scenario with Onboard Base Station 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, both radio remote heads (RRHs) and onboard base station (BS) employ directional antenna with fixed beam direction. The network deployment for HST scenario is following the decisions made on high speed scenario in [3]-[5].
HST scenario with Onboard BS
In [6], the characteristics of HST scenario with an onboard BS was described. In this sub-section, we would like to remind those descriptions. In HST scenario, an onboard BS is located on the train to forward the data between RRHs and the onboard user equipment (UE). The RRHs are deployed along the rail track. In this case, instead of processing by each UE individually, the onboard BS station will perform random access (RA) to the network, when it is necessary. We find that the total number of simultaneous active onboard BSs 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 [7]. Obviously, the coverage of each BBU defined in [3]-[5] 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 RA requests from multiple onboard BSs is still very low, because the RA collision only happens when these RA requests are simultaneous received by the same BBU. Therefore, the simplified 2-step RACH procedure would be sufficient for RA in HST scenario with onboard BS. In this simplified 2-step RACH procedure, only message (Msg) 1 and Msg 2 are necessary. Msg 3 and Msg 4 for contention resolution can be removed. Furthermore, because the high speed train is moving with very high mobility, the onboard BS needs to perform RACH procedure frequently due to handover. Therefore, minimization of RA delay is critical in HST scenario, and a simplified RACH procedure shows benefit on reducing the RA delay.
Observation 1: Since the probability of RA collision is very low in HST scenario with onboard BS, the simplified 2-step RACH procedure, e.g., with only Msg 1 and Msg 2, would be sufficient.
Observation 2: The simplified 2-step RACH procedure shows benefit on reducing the RA delay.
Proposal 1: In NR, the simplified 2-step 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 onboard BS.
Possible Msg 1 and Msg 2 for the simplified RACH procedure
In order to enable 2-step RACH procedure, the UE identity (ID) should be sent in Msg 1. In HST scenario with onboard BS, it should be the onboard BS ID instead of UE ID. However, since the uplink has not been synchronized to the system yet when onboard BS is sending Msg 1, a payload, which is attached after the preamble containing onboard BS ID and maybe other information, may cannot be correctly decoded at BBU side. Therefore, in this contribution, we propose to send only preamble in Msg 1. Figure 1 shows a possible preamble format in Msg 1. Instead of attaching payload after the preamble, the preamble sequence index can be used to represent the temporary onboard BS ID in RACH procedure. This is possible in HST scenario due to the fact of that there is no RA collision within the coverage of a BBU as described above. If more information other than temporary onboard BS ID needs to be included in Msg 1, indexes of preamble sequence groups can be used. For example in a time division duplexing (TDD) system, assume there are total 16 different preamble sequences and 4 frame configurations. In this case, there will be totally 16/4=4 different sequence groups with equal group size, and the index of each group can be used to carry the information of frame configuration request. The onboard BS first selects a group and then randomly selects a sequence in that group for generating its Msg 1. Assume the 4 equal-size sequence groups are {1, 2, 3, 4}, {5, 6, 7, 8}, {9, 10, 11, 12}, and {13, 14, 15, 16}. If the onboard BS sends the sequence with index 9 in Msg 1, the BBU can recognize that the temporary onboard BS ID is 9 and the requested frame configuration is 3, since the index of 9 belongs to the 3rd sequence group. By using the proposed Msg 1 described above, the onboard BS is actually only sending a preamble, but the preamble sequence itself contains the information of temporary onboard BS ID and the frame configuration request for UL transmission. The similar idea can be used to carry more necessary information in Msg 1.
Proposal 2: In simplified 2-step RACH procedure, a preamble without payload can be sent as Msg 1. The indexes of preamble sequences and the indexes of preamble sequence groups can be used to carry information in Msg 1, such as onboard BS ID (UE ID) etc., at least for HST scenario.

Figure 1. A possible HST preamble format for Msg. 1 in RACH procedure.
In Msg 2, BBU sends an RA response to the onboard BS. Msg 2 should at least contains the information of an assigned temporary network registration ID (like C-RNTI in LTE) to that onboard BS and an UL grant. Timing advance (TA) is not necessary to be included in Msg 2 because that there is no need to align UL transmissions from multiple onboard BSs, especially in TDD system. Without sending TA, the TA decoding error at onboard BS side can be avoided. This may help to reduce the RA delay and improve the robustness of radio link.
Proposal 3: In HST scenario in NR, Msg 2 in simplified 2-step RACH procedure should at least includes the information of an assigned temporary network registration ID (like C-RNTI in LTE) to the RA requested onboard BS and an UL grant.
Conclusion
In HST scenario with onboard BS, several 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 feeding back TA.
· Good for improving the robustness of wireless radio link.
Observation 1: Since the probability of RA collision is very low in HST scenario with onboard BS, the simplified 2-step RACH procedure, e.g., with only Msg 1 and Msg 2, would be sufficient.
Observation 2: The simplified 2-step RACH procedure shows benefit on reducing the RA delay.
Proposal 1: In NR, the simplified 2-step 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 onboard BS.
Proposal 2: In simplified 2-step RACH procedure, a preamble without payload can be sent as Msg 1. The indexes of preamble sequences and the indexes of preamble sequence groups can be used to carry information in Msg 1, such as onboard BS ID (UE ID) etc., at least for HST scenario.
Proposal 3: In HST scenario in NR, Msg 2 in simplified 2-step RACH procedure should at least includes the information of an assigned temporary network registration ID (like C-RNTI in LTE) to the RA requested onboard BS and an UL grant.
References
[1] [bookmark: _Ref458778933][bookmark: _Ref447206028]R1-1610978, WF on RACH procedure, Huawei, HiSilicon, NTT DOCOMO, Qualcomm, ETRI, Intel, Nokia, RAN1#86bis, Oct. 2016.
[2] [bookmark: _Ref458790667]R1-1610992, LS on NR RACH procedure, Huawei, RAN1#86bis, Oct. 2016.
[3] 3GPP TR 38.802: "Study on new radio (NR) access technology: physical layer aspects".
[4] 3GPP TR 36.878: "Study on performance enhancements for high speed scenario in LTE".
[5] 3GPP TR 38.913: "Study on scenario and requirements for next generation access technologies".
[6] R1-1609611, Discussion on RACH procedure for high speed train scenario with onboard BS for NR, ETRI, RAN1#86bis, Oct. 2016.
[7] Piers Connor, “Rules for high speed line capacity”, in Railway Technical Web Pages, Aug. 2011. (http://www.railway-technical.com/Infopaper%203%20High%20Speed%20Line%20Capacity%20v3.pdf)
- 1/4 -
image1.emf
Cyclic Prefix Preamble (Zadoff-Chu) sequence

Guard Time

Guard Time

Occupied

Blank

Blank HST preamble format


Microsoft_Visio___1.vsdx
Cyclic Prefix
Preamble (Zadoff-Chu) sequence
Guard Time
Occupied
Blank
HST preamble format



