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1. Introduction
The followings are RACH procedure related agreements from RAN1 NR Adhoc #2 and RAN1 #90 [1-2].
	
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:
· UE computes pathloss based on ”SS block transmit power” and SS block RSRP
· At least one ”SS block transmist power” value is indicated to UE in RMSI
· FFS: whether and how to support multiple values
· Note: different SS blocks in an SS burst set can be transmitted with different power and/or with different Tx beamforming gain at least as NW implementation

Agreements:
· At least for initial access, RAR is carried in NR-PDSCH scheduled by NR-PDCCH in CORESET configured in RACH configuration
· Note: CORESET configured in RACH configuration can be same or different from CORESET configured in NR-PBCH
· For single Msg1 RACH, the RAR window starts from the first available CORESET after a fixed duration from the end of Msg1 transmission
· The fixed duration is X T_s
· X is the same for all RACH occasions
· FFS: whether CORESET starting position is aligned with slot boundary
· FFS: the value of X
· FFS: whether X is frequency range dependent
· For a single Msg1 RACH from UE,
· The size of a RAR window is the same for all RACH occasions and is configured in RMSI
· RAR window could accommodate processing time at gNB. 
· Maximum window size depends on worst case gNB delay after Msg1 reception including processing delay, scheduling delay, etc
· Minimum  window size depends on duration of Msg2 or CORESET and scheduling delay
· FFS: multiple Msg1 RACH case if supported

Agreements:
· For initial access, either long sequence based preamble or short sequence based preamble is configured in a RACH configuration

Agreements:
· For contention-based NR 4-step RA procedure
· SCS for Msg 1 
· configured in the RACH configuration
· SCS for Msg 2
· the same as the numerology of RMSI
· SCS for Msg 3
· configured in the RACH configuration separately from SCS for Msg1
· SCS for Msg 4
· the same as in Msg.2
· For contention-free RA procedure for handover, the SCS for Msg1 and the SCS for Msg2 are provided in the handover command

Agreements:
· NR studies reporting of SS block index, e.g., strongest SS block index, through Msg3 of contention based random access
· NR studies reporting of multiple SS block indices through Msg1 of contention free random access procedure
· e.g. network can assign multiple RACH transmission times and RACH preambles to the UE. UE can convey one SS block index by selecting a RACH transmission time and another SS block index implicitly by selecting a RACH preamble




This contribution discusses remaining issues regarding random access procedures.

2. Dedicated RACH resource

In the last meeting, there was a LS from RAN2 which states that the handover command can include:
· A set of dedicated RACH resources (RAN2 understand this could be time/frequency/sequence but decision is up to RAN1), etc.).
· Association between RACH resources and SS blocks.
· Association between RACH resources and CSI-RS configuration(s), if RAN1 conclude that such association is possible.
The motivation of the inclusion of a set of dedicated RACH resources is to reduce the handover interruption time. Handover interruption time reduction is one of the main requirements for NR. Non-contention random access procedure is already being used in LTE where dedicated preamble is assigned during the handover command. However, in order to further reduce the handover interruption time, assigning dedicated time and frequency resources for non-contention random access in handover chase can be justified.
Here, let’s assume that handover is based on SS-block measurements. The gNB collects the measurements of target cell SS blocks by the UE’s measurement reports and determine whether the handover is required or not. If target cell SS blocks show better measurement quality than the source cell SS block, the gNB may initiate the handover by sending handover command message. If gNB trusts the previous measurement report, then it can just configure one dedicated RACH resource that is associated with the best target cell SS block based on the latest measurement reports. However, it is likely that the best SS block changes between the latest measurement reports and the actual PRACH transmissions inside the dedicated RACH resources. For this channel variation, it is desirable that gNB can configure multiple dedicated RACH resources for the association with multiple SS blocks. The gNB determines the candidate subset of SS blocks of the target cell and configure the dedicated RACH resources with the association with the subset of SS blocks. 
Multiple dedicated RACH resource does not necessarily mean the multiple time/frequency resources. One a dedicated time/frequency resources is configured, there are multiple number of available PRACH sequences inside the dedicated time/frequency resources. In order to reduce the resource overhead, it is desirable to utilize the multiple PRACH sequences. For example, if there is no beam correspondence in gNB and the repeated PRACH sequence is configured for dedicated RACH, then it is desirable to associate multiple target cell SS blocks with the multiple sequences inside dedicated RACH time/frequency resources. 
When dedicated RACH resource is configured, the basic assumption is that the same PRACH format as common RACH resource is used for dedicated RACH resource as well. 
Proposal 1: For dedicated RACH resources in handover command messages,
· At least one dedicated time/frequency resource is configured
· Multiple preamble can be used for indicating best DL beam by association with SS blocks
· The number of SS blocks of the target cell configured for dedicated RACH is up to gNB: 1 to N
· Same PRACH format configured for cell-common RACH resource is used for dedicated RACH resources as well

3. RACH association with CSI-RS

RAN1 has also agreed that handover command message can include the association between RACH resources and CSI-RS. This is the case that CSI-RS is configured for the measurement for handover. CSI-RS is basically configured by UE-specific manner, so it is straightforward that configuration on RACH resources association is also dedicated to the UE. Therefore, the discussion for this section is similar with the dedicated RACH configuration as discussed in section 2 but the difference is that the association is between CSI-RS and RACH resources, not between SS block and RACH resources. 
There can be multiple antenna ports for CSI-RS configured for the target cell, and depending on measurement report, gNB can initiate the handover procedure by sending handover command message. As discussed in section 2, it is likely that the best CSI-RS AP changes between the latest measurement reports and the actual PRACH transmissions inside the dedicated RACH resources. Therefore gNB can configure multiple RACH resources for the association with multiple CSI-RS APs. The gNB determines the candidate subset of CSI-RS APs of the target cell and configure the dedicated RACH resources with the association with the subset of CSI-RS APs. Other aspects can be also simply follow the dedicated RACH in section 2.
And as agreed in MIMO beam related discussions, non-contention RACH is used for beam recovery request transmission. Beam management is also based on CSI-RS, so similar mechanism can be applied for beam recovery procedure. By configuring the association between RACH resource and CSI-RS, it can provide fast beam recovery procedure.
Proposal 2: For RACH association with CSI-RS in handover command messages,
· At least one dedicated time/frequency resource is configured
· Multiple preamble can be used for indicating best DL beam by association with CSI-RS APs
· The number of CSI-RS APs of the target cell configured for RACH association is up to gNB: 1 to M
· Same PRACH format configured for cell-common RACH resource is used for dedicated RACH resources associated with CSI-RS
· Same procedure can be applied to beam recovery procedure. 

4. Timing of RAR
	
It was agreed that for single Msg1 RACH, the RAR window starts from the first available CORESET after a fixed duration (X T_s) from the end of Msg1 transmission. However there are still some issues that are currently FFS as shown below:
· FFS: whether CORESET starting position is aligned with slot boundary
· FFS: the value of X
· FFS: whether X is frequency range dependent

In [3], it is proposed that the PRACH is allocated in slot level granularity in time domain. Considering the slot-level granularity of PRACH resource, there is little motivation on having mini-slot level scheduling for RAR. If slot level scheduling is used for RAR, then it is desired that the starting position of a CORESET for RAR scheduling is aligned with slot boundary at least for the single beam scenario.
For the timing gap between the end of MSg1 transmission and the starting position of the CORESET for RAR, it is beneficial to be as small as possible from the perspective of random access procedure. Therefore, X=0 would be acceptable on the condition that the following points are fully justified.
1. (Future) NW will support the quick response on PRACH (with 0 T_s)
2. Sufficient Tx-Rx transmission time should be guaranteed.

In LTE TDD system, there is an additional timing offset for the transmission of uplink channels for guaranteeing the time for the Tx-Rx transmission as shown in the Figure 1 and the time offset,  [4]. Even n NR, this Tx-Rx transition time has to be considered as well for TDD scenario and the exact value of the timing offset is FFS.

 (
Downlink radio frame #
i
Uplink radio frame #
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)
Figure 1: Uplink-downlink timing relation in LTE TDD

Proposal 3: For RAR,
· The starting position of a CORESET for RAR scheduling is aligned with slot boundary at least for the single beam scenario
· 0 Ts can be supported for the timing gap between the end of MSg1 transmission and the starting position of the CORESET for RAR if
· It is sufficiently justified that (future) NW can support the quick response on PRACH with 0 Ts 
· Sufficient Tx-Rx transmission time is guaranteed on top of 0 Ts 
· FFS whether the Tx-Rx transmission is 624 Ts or less (for 15KHz subcarrier spacing)
5. RACH configuration
[bookmark: _GoBack]	
It was agreed that SS block transmit power is configured in RMSI and this information can be used for the determination of the transmit power of PRACH. The agreement says that at least on SS block transmit power value is configured with the FFS on the possibility of different transmit power for different SS blocks.
Agreements:
· UE computes pathloss based on ”SS block transmit power” and SS block RSRP
· At least one ”SS block transmit power” value is indicated to UE in RMSI
· FFS: whether and how to support multiple values

As discussed in [5], multiple values of SS block transmit power is not fully justified taking into account the significant overhead in RMSI. Therefore, it is proposed to keep the one SS block transmit power indication in RMSI.
Proposal 4: 
· The indication of multiple “SS block transmit power” values to UE in RMSI is not supported. 

6. Conclusions
In this contribution we have discussed some open issues regarding random access procedures. We have the following proposals based on discussions above:
Proposal 1: For dedicated RACH resources in handover command messages,
· At least one dedicated time/frequency resource is configured
· Multiple preamble can be used for indicating best DL beam by association with SS blocks
· The number of SS blocks of the target cell configured for dedicated RACH is up to gNB: 1 to N
· Same PRACH format configured for cell-common RACH resource is used for dedicated RACH resources as well
Proposal 2: For RACH association with CSI-RS in handover command messages,
· At least one dedicated time/frequency resource is configured
· Multiple preamble can be used for indicating best DL beam by association with CSI-RS APs
· The number of CSI-RS APs of the target cell configured for RACH association is up to gNB: 1 to M
· Same PRACH format configured for cell-common RACH resource is used for dedicated RACH resources associated with CSI-RS
· Same procedure can be applied to beam recovery procedure. 
Proposal 3: For RAR,
· The starting position of a CORESET for RAR scheduling is aligned with slot boundary at least for the single beam scenario
· 0 Ts can be supported for the timing gap between the end of MSg1 transmission and the starting position of the CORESET for RAR if
· It is sufficiently justified that (future) NW can support the quick response on PRACH with 0 Ts 
· Sufficient Tx-Rx transmission time is guaranteed on top of 0 Ts 
· FFS whether the Tx-Rx transmission is 624 Ts or less (for 15KHz subcarrier spacing)
Proposal 4: 
· The indication of multiple “SS block transmit power” values to UE in RMSI is not supported. 
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