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1. Introduction

Agreements on the four-step RACH procedure during the previous meeting are captured in the following. In this document, we discuss details on the four-step RACH procedure. 
	Agreements:
· All random access configuration information is broadcasted in all beams used for RMSI within a cell
· i.e, RMSI information is common for all beams
Agreements:
· At least for handover case, a source cell can indicate in the handover command, 
· Association between RACH resources and CSI-RS configuration(s)
· Association between RACH resources and SS blocks
· A set of dedicated RACH resources (FFS: time/frequency/sequence)
· Note that above CSI-RS configuration is UE-specifically configured
Agreements:
· For contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.

· Note: The time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access

· Note: Multiple Msg1 can be transmitted with same or different UE TX beams 

Agreements:
· For contention-based random access, an association between an SS block in the SS burst set and a subset of RACH resources and/or preamble indices is configured by a set of parameters in RMSI.
· RAN1 strives to use the same set of parameters for different cases, e.g. analog/hybrid/digital beamforming at gNB, level of gNB beam correspondence, number of SS blocks, number of frequency multiplexed PRACH resources, PRACH resource density in time etc.
· RAN1 strives to minimize the set of parameters.
· FFS the set of parameters
· FFS the number of SS blocks (if indicated in RMSI or MIB), e.g. the actually transmitted SS blocks or the maximum number (L).


2. Discussion
2.1. PRACH Configuration 
PRACH configuration having all of the necessary information for UE to perform random access should be included in the RMSI. 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. In the following, necessary information that has to be included in the PRACH configuration is listed. 

Firstly, PRACH configuration should carry information on RACH resource(s), which is the time-frequency resource that fits a PRACH preamble format. Time and frequency information are required to identify each RACH resource. 

For the time information, 

· frame number and slot number can be included
· slot type information should be included in order to indicate the starting symbol of RACH resource within the designated slot, for example, 
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· symbol number and symbol duration for each RACH resource within the slot considering slot type

· symbol duration and the number of RACH resource per the RACH slot is determined by the PRACH preamble format which applies to that RACH resource

For the frequency information, 
· Range of frequency position that RACH resource can be located within the frequency domain

· This can be signalled in terms of BWP information, e.g. BWP index, RB index, etc. details are FFS

· Exact position of subband index that RACH resource is located considering the bandwidth of the PRACH preamble format and subcarrier spacing
Details of the signalling/information for frequency position for RACH resource is inevitably dependent on the design of common channel and general RB indexing considering wide bandwidth. 

Further essential information per RACH resource should be provided, i.e. associated SS block index, RACH preamble format, and further RACH preamble resource information such as root indices and cyclic shifts. At least for RACH procedure in idle state, there is no reason to use different RACH preamble format per RACH resource considering the target coverage of a cell, so common RACH preamble format (in terms of the same number of repetition) can be applied for all RACH resource. Having the PRACH preamble format, UE can derive the number of symbols per RACH resource and the number of RACH resource in the slot in time domain. 

Proposal 1: PRACH configuration provides at least following information; 

1) RACH resource time and frequency information 

A. Frame number, slot number

B. Slot type information, number of RACH resources per slot, starting symbol number and duration

C. Range and exact location of RACH resource in frequency domain
2) Information per RACH resource
A. Associated SS block index

B. RACH preamble format (note: preamble format can be cell common or RACH resource group common) 

C. Root indices and cyclic shift

D. Possibly, RN-RNTI information (to be discussed below) 

2.2. Message 2 transmission
CORESET for RAR/msg.4 Reception: 

After transmitting PRACH preamble, 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.
Proposal 2: UE is configured common CORESET for broadcasted system information (like RMSI, OSI and paging) including RAR and message 4 reception as well
RAR window: 
RAR window for which UE monitors RAR may start from the first DL slot after reserved RACH resources and slot/symbol index and frequency position. RAR window can be absolute time duration which is signalled via RACH configuration or can be in terms of the number of slots. For the support of dynamic TDD, duration that counts RAR window should be clarified or RAR window can be per RACH resource/RACH resource group. 
RA-RNTI:
If gNB successfully receives the PRACH preamble from a UE, gNB transmits RAR (Random Access Response, message 2). In LTE, UE monitors RAR within the RAR window and tries to search PDCCH masked with RA-RNTI. RA-RNTI in LTE is calculated as, RA-RNTI = 1+T_id+10*F_id, where, T_id is subframe number and F_id is frequency position of RACH resource in TDD system. 
In NR, RA-RNTI for reception of RAR should be determined. It can be calculated in similar way as LTE and the way of deciding the value of T_id becomes more complex, which can be slot level resolution, symbol group index or symbol number index. Further, determination of F_id seems not that simple due to the multiple locations of RACH resource and the occupied frequency band of the RACH resource can be different depending on the PRACH preamble format, i.e. long preamble vs. short preamble. The other way can be signalling of RA-RNTI per RACH resource. Conventionally, RA-RNTI is 16 bits long and signalling of 16 bits per RACH resource leads excessive signalling overhead. Instead of signalling full length of RA-RNTI, part of RA-RNTI can be signalled per RACH resource for the sake of signalling overhead. In other words, partition of bit composition of RA-RNTI should be done a priori. 
Contents of RAR message: 

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. CSI report command can be included in the RAR message for the scheduling of message 4, and it should be decided which RS to be used for the calculation of CSI. 

ETC.:
Having the DL grant for RAR, UE tries to demodulate/decode the PDSCH carrying RARs and for receiving the PDSCH UE may assume 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. 
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. 
Proposal 3: DCI based and asynchronous HARQ for message 3 (re)transmission are supported. 

2.4. Contention-Free RACH
According to the agreements made in the RAN1 adhoc meeting in June, the network can provide dedicated RACH resources for handover while what kind of RACH resource is to be provided whether time, frequency and/or sequence. Further, if dedicated multiple RACH occasions in time domain is configured and UE can be configured to transmit multiple msg.1 over the configured dedicated RACH occasions. However, the agreements need further clarification first. 

Definitely, dedicated RACH resource in sequence domain for handover should be supported, but supporting of dedicated RACH resource in time domain should be seriously examined with their pros and cons. Of course, it can provide handover with zero latency if the RACH resource in time domain is assigned properly, but it costs too much of network resource inefficiency by reserving more time resource for handover. Quite large amount of time domain resources are to be reserved for SS block(s) transmission, RACH transmission and other resources for beam managements. Note that which type of dedicated RACH resource is not decided yet and time duration for RACH transmission associated with a SS block is definitely longer that the time resource required for SS block transmission. 

Proposal 4: Decide which type of dedicated RACH resource is required. 

Even if we assume that the dedicated RACH resource in time domain is supported, the following agreements made in the last meeting needs further clarifications.
	· For contention free case, a UE can be configured to transmit multiple Msg.1 over dedicated multiple RACH transmission occasions in time domain before the end of a monitored RAR window if the configuration of dedicated multiple RACH transmission occasions in time domain is supported.

· Note: The time resource used for ‘dedicated RACH in time domain’ is different from the time resources of contention based random access

· Note: Multiple Msg1 can be transmitted with same or different UE TX beams


It is not clear what “multiple RACH transmission occasion in time domain” means exactly: whether network may provide multiple of RACH resources, which are associated with the same SS block or multiple of RACH resource which is associated with a SS block each. In other words, it is the issue whether network needs to provide multiple RACH resources per SS block. 

The motivation of introducing RACH resource in time domain by the proposing companies is for handover for zero-latency and they care for the case that UE needs to perform RACH procedure but the common RACH resource is not at hand. In that sense, it is not necessary to provide multiple RACH resources per SS block. Rather, if the needs are so critical for the zero latency handover, UE is only configured with one RACH occasion per SS block. In other words, multiple RACH resource in time domain should be a set of RACH resources, where one RACH resource per SS block (at least UE perspective). 

Proposal 5: UE is not configured with multiple RACH occasions when multiple of RACH resources in time domain are provided for HO, if dedicated RACH resource in time domain is supported. 
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. We proposed as follows: 
Proposal 1: Information to be provided in the PRACH configuration is 

1) RACH resource time and frequency information 

A. Frame number, slot number

B. Slot type information, number of RACH resources per slot, starting symbol number and duration

C. Range and exact location of RACH resource in frequency domain

2) Information per RACH resource

A. Associated SS block index

B. RACH preamble format (note: preamble format can be cell common or RACH resource group common) 

C. Root indices and cyclic shift

D. Possibly, RN-RNTI information (to be discussed below) 

Proposal 2: UE is configured common CORESET for broadcasted system information (like RMSI, OSI and paging) including RAR and message 4 reception as well
Proposal 3: DCI based and asynchronous HARQ for message 3 (re)transmission are supported. 

Proposal 4: Decide which type of dedicated RACH resource is required. 

Proposal 5: UE is not configured with multiple RACH occasions when multiple of RACH resources in time domain are provided for HO, if dedicated RACH resource in time domain is supported.
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