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1. Introduction

At the RAN1 NR AH#2 meeting, random access procedure for NR was discussed and RAN1 made following agreements and conclusions [1].
	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).


In this contribution, we discuss on remaining issues of 4-step random access procedure.
2. PRACH configuration
In LTE, PRACH configuration includes following parameters.
· PRACH preamble parameters

· E.g., Preamble format index, Root sequence index, Zero correlation zone config

· Time and frequency resource parameters

· E.g., Subframe index, Frequency offset

· Preamble retransmission parameters

· E.g., Power ramping step

NR PRACH configuration will at least include the similar information as in LTE. Additionally, NR PRACH configuration would need to have more flexibility than that in LTE, especially for time and frequency resource parameters. The time duration of NR PRACH preamble has more variety in symbol unit, e.g., 1, 2, 4, 6 and 12 symbols for data, than in LTE, i.e., in subframe unit except for preamble format 4 for UpPTS in TDD. Thus time resource indication parameters can be modified from that of LTE. Furthermore, repetition of RACH occasions within a slot can be considered [2]. In order to realize it, indication of time resource in symbol unit and the number of repetition of RACH occasions within a slot would be needed. Fig.1 shows the example when start timing of time resource is 3rd symbol and the number of repetition of RACH occasions is three.
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Figure.1: Example of indication of RACH occasions

In addition, the number of NR RACH resources in time/frequency domain can be also more flexible so as to meet required capacity [3]. 
Observation 1: NR PRACH configuration would need to have more flexibility than that in LTE, e.g., for time and frequency resource parameters.
Proposal 1: NR supports indication of RACH occasions in symbol unit and the number of repetition of RACH occasions within a slot.

As for new parameters in NR, NR PRACH configuration will include information of association between SS/PBCH block (SS block) and a subset of RACH resources and/or a subset of preamble indices. It was agreed that RMSI information is common for all beams but indication of associations between all SS blocks and a subset of RACH resources and/or a subset of preamble indices respectively may cause significant overhead since the number of SS blocks can be up to 64 for above 6 GHz.

3. Message 1/2/3/4
· SS block selection

 In case that UE needs to select the PRACH resources based on the SS block having the highest SS block RSRP, random access delay may be long since UE has to continue searching the best SS block even after detecting first SS block. In initial access phase, it is most important to finish initial access procedure as fast as possible and the search of best beam is scope of beam management, i.e., after initial access complete. Therefore, it should be up to UE implementation that how to select the PRACH resources according to detected SS blocks in order to finish initial access as fast as possible. 

Proposal 2: It is up to UE implementation how to select the PRACH resources according to detected SS blocks.

· RAR window

 At the RAN2#98 meeting, it was agreed that RAR window starts at fixed duration from the end of RACH transmission occasion, i.e., from the end of Msg.1 transmission [4]. The fixed duration will be defined based on e.g., time required for PRACH detection and RAR preparation at gNB, and it should be shorter than the typical case in LTE, i.e., 4 ms. RAN2 also agreed that the size of RAR window is configurable. However, RAR windows associated with different RACH resources may overlap depending on the configured size of RAR window as shown in Fig.2. Then, RAR received in overlapped duration needs to be distinguished for different corresponding RACH resources. If UE cannot distinguish it, there would be problem e.g., in following case.
· Each of two UEs detects SS block different from that detected by the other UE, and transmits single Msg.1 with the same preamble. If RAR window for those UEs are overlapped and both UE receives RAR at overlapped timing, both UEs may perform Msg.3 transmission even though RAR actually targets only one UE. 
Therefore, we should consider how to distinguish RAR received within overlapped duration of RAR windows associated with different RACH resources.
Proposal 3: It should be considered how to distinguish RAR received within overlapped duration of RAR windows associated with different RACH resources.
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Figure.2: RAR window definition
· RAR scheduling

 Regarding RAR scheduling method, since RAR scheduling timing/resource may need some flexibility e.g., dependent on gNB processing capability and PRACH load, DCI based scheduling is preferable. Otherwise, if non-scheduled channel is defined for RAR, UE blind detection effort for RAR would be significantly large for flexible RAR timing/resource, or such flexibility needs to be restricted. Therefore, NR should support RAR scheduling method based on DCI as in LTE, i.e. DCI within PDCCH gives RAR scheduling information, and RAR is transmitted within PDSCH. 
Proposal 4: NR should support DCI-based RAR scheduling.
· Numerology on Message 3
In the RAN1 #88bis meeting, subcarrier spacing options for Msg. 3 were agreed as below [5].
	Agreements:
· Down-select one of SCS options for the remaining minimum system information transmission

· Option 1: PBCH signals the SCS of the remaining minimum system information 

· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the remaining minimum system information

· FFS whether the SCS refers to the control and/or data channel for remaining minimum system information

· Note: RAN2 has decided to go with option 2


· Down-select one of SCS options for PRACH msg. 3 transmission 

· Option 1: RACH configuration (possibly within PBCH or the remaining minimum system information) provides the SCS of the PRACH msg. 3

· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the PRACH msg. 3

· Option 3: RAR can indicate the SCS of the PRACH msg. 3 transmission 

· FFS the determination of the SCS for msg  1, 2, and 4


It seems natural that SCS for Msg.3, i.e. PUSCH, is the same as SCS for subsequent data which can be different from default subcarrier spacing, e.g. for scheduling flexibility. Therefore, it is preferable that gNB can configure subcarrier spacing for Msg.3. Option 1 is cell-specific configuration, while Option3 can be UE-specific configuration. We think that when gNB transmits RAR, gNB would not be aware of UE capability. Therefore, Option3 may just increase RAR overhead and hence subcarrier spacing for Msg.3 should be provided by RACH configuration, i.e. by Option1.

Proposal 5: Subcarrier spacing for Msg.3 should be provided by RACH configuration (possibly within PBCH or the remaining minimum system information).

4. Conclusion 

In this contribution, we discussed on 4-step random access procedure for NR. We made the following observation and proposals. 
Observation 1: NR PRACH configuration would need to have more flexibility than that in LTE, e.g., for time and frequency resource parameters.
Proposal 1: NR supports indication of RACH occasions in symbol unit and the number of repetition of RACH occasions within a slot.

Proposal 2: It is up to UE implementation how to select the PRACH resources according to detected SS blocks.

Proposal 3: It should be considered how to distinguish RAR received within overlapped duration of RAR windows associated with different RACH resources.

Proposal 4: NR should support DCI-based RAR scheduling.

Proposal 5: Subcarrier spacing for Msg.3 should be provided by RACH configuration (possibly within PBCH or the remaining minimum system information).
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