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1. Introduction

During the previous RAN1 meetings, major aspects of RACH procedure is decided, for example, NR RACH procedure supports multiple beam operation and hence the RACH resource is associated with DL signal/channel, short preamble is introduced in addition to long preamble for the support of rx. beam sweeping, high speed and capacity enhancements. However, still more work is needed to complete this complicated whole procedure. In this document, we discuss 4-step RACH procedure with more details. 
2. Discussion
2.1. PRACH Configuration
PRACH configuration includes time/frequency information of RACH resources and it should be included in the remaining minimum system information. Upon receiving the PRACH configuration information, UE is able to transmit PRACH message 1 on the designated time and frequency resource by choosing one of preamble in a preamble set within the PRACH configuration. Preamble format in the PRACH configuration information provides CP length, number of repetitions, subcarrier spacing/sequence length, and etc. In the following, we discuss details on the PRACH configuration. 
It is expected that two types of RACH preamble formats are to be introduced in NR, long preamble format and short preamble format. PRACH preamble with a long length is defined for the purpose of the extended coverage support. While, PRACH preamble with a short length is introduced for several purposes: to support receiving beam sweeping, high speed and capacity enhancement. RACH resource for long sequence and that for short sequence are preferably separated in time since they are defined different purposes and hence the gNB operation is different. RACH resource configuration for long PRACH preamble in NR would be similar to that in LTE.

On the other hand, RACH resource allocation and the configuration for short PRACH preamble will be quite different. Main difference of RACH resource configuration in NR compared to that in LTE comes from the fact that NR supports multiple beam operation. Due to multiple DL transmission beams, there should be multiple of RACH resource in order to identify the best received beam direction to UEs. If gNB does not have tx/rx beam correspondence, gNB should perform receiving beam sweeping for PRACH preamble and UE has to transmit PRACH preamble with repetition. In addition, for the support of very high speed, e.g. 500 km/h, short duration of PRACH preamble with repetition should be introduced. 

Furthermore to make better alignment with PUSCH and RACH preamble, the subcarrier spacing of short sequence is preferably followed by the subcarrier spacing of the PUSCH within the frequency range. Therefore, the candidate subcarrier spacing for the short sequence would be at least 15khz, 30khz, 60khz and 120khz, which are the SCSs for PUSCH transmission. In the following, we assume the SCS of the PUSCH 15khz and hence the SCS for the RACH preamble is 15khz. 

Assume that one slot is consisted with 14 symbols based on the SCS with 15khz. Having one symbol for DL control channel and one symbol for DL to UL switching time at gNB side, at most 12 symbols are effective for RACH resource assignment. Maximum number of symbols within a slot for short preamble format would be 14 symbols (if the slot is UL only slot) or 12 symbols. Candidate length of preamble formats and alignment within a slot are elaborated in figure 1 below. The position of GT can be within a preamble format itself or network may need to null one symbol right after at the end of the consecutive RACH resource, which is dependent on the preamble format and target coverage of the preamble format [1]. 
It would be better to assign the RACH resource for short preambles consecutively within a slot in terms of resource utilization and scheduling flexibility. Figure 1 describes RACH resource allocation methods in time we have in mind. Required information that the gNB has to provide for the RACH configuration includes time slot index (and periodicity, starting symbol index) that RACH resource occurs, the SCS of the preamble, the number of preamble repetition, number of RACH resources within the slot and etc. Of course, PRACH preamble format provides CP length and GT in addition. Details on the PRACH preamble format is described in our companion document [1] in detail. 
In addition, frequency position should also be signalled within the PRACH configuration information. There can be multiple of RACH resources in frequency domain at the same time and the bandwidth per RACH resource is based on the PRACH preamble format i.e. sequence length and subcarrier spacing. Frequency position for RACH resource can be signalled in terms of the starting RB index and the number of RACH resources in frequency domain. 
Proposal 1: RACH resources within a slot are consecutive in time and RACH configuration provides time and frequency information of RACH resource. 
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Figure 1. RACH preamble format and corresponding RACH resource allocation
2.2. Message 2 transmission
After transmitting PRACH preamble, UE waits until RAR messages are received. In order to detect RAR, UE monitors control channel search space during configured RAR windows. The control channel search space can be the same as that UE has to monitor for the reception of RMSI (Remaining Minimum System Information). Preferably, UE is configured common CORESET for broadcasted system information (like RMSI, OSI and paging) including RAR and message 4 reception as well.
In NR, since there can be multiple RACH resources in time and frequency, we need to decide how to determine RA-RNTI and RAR window differently from LTE. Preferably, RAR window may start from the first DL slot after reserved RACH resources and slot/symbol index and frequency position, the number of PRACH repetition should be taken account for deciding RA-RNTI. 

Having the DL grant for RAR, UE tries to demodulate/decode the PDSCH carrying RARs and for receiving the PDSCH we prefer UE assumes Rank -1 Single User MIMO. Contents for DL grant for RAR includes MCS/TBS, which may be the compact set from the set for PDSCH and predefined, and resource allocation for the PDSCH carrying RARs. 
Contents of RAR are Random Access Preamble ID, TC-RNTI, TA value and UL resource allocation for message 3 transmission. TA value should be based on the SCS of the received PRACH preamble. Waveform information whether SC-FDMA or CP-OFDM indication for msg. 3 transmission should be included. 

2.3. Message 3 transmission
Based on the UL grant within RAR, UE transmits msg. 3 (PUSCH). The contents of the msg. 3 may include UE ID, supported subcarrier spacing, CSI report if requested in RAR, SS block indices and corresponding RSRPs. If UE wants to request system information within the msg.3, requested system information block indices can be included. 
UL transmission power for msg.3 can be signalled in the RAR, in terms of offset from the msg. 1 transmission power which is successfully received. If msg. 3 is not successfully received at gNB, gNB may command retransmission of the msg. 3 to UE. In this case, the DL control channel that commands msg.3 retransmission should be CRC masked with TC-RNTI. In other words, if UE does not receive acknowledgement from the gNB, UE waits and monitors PDCCH masked with TC-RNTI during certain time duration. It can be DCI for msg. 4 or DCI for msg. 3 retransmission. If UE fails to receive DCIs for both, UE resumes msg. 1 transmission. 
2.4. Contention-Free RACH

For the support of HO, contention-free RACH resource can be assigned. In the last meeting, it was discussed whether the contention free RACH resource is associated with CSI-RS or SS block. It looks like the association with CSI-RS and contention-free RACH resource bring a lot gain by beam-refinement much earlier stage. However, it results in excessive resource overheads by assigning RACH resource per CSI-RS, which induces great UL scheduling restrictions due to analog rx beamforming. On the other hand, RACH resource for contention free should be associated with SS block, whose resource can be FDMed with the contention-based RACH resource. 
Proposal: Contention-free RACH resource(s) is associated with SS block(s). 
3. Conclusion 
We discussed RACH procedure and proposed RACH resource allocation aligned with RACH preamble format (considering sequence repetition). In RACH configuration, time and frequency location of RACH resource should be signalled. Details on the RACH msg.2/3 were discussed and contents to be included in the DL grant for RAR, RAR, UL grant within RAR and etc. are list up.  
For the RACH resource for contention-free RACH, we proposed that contention-free RACH resource should also be associated with SS block in terms of resource efficiency. 
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