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1. Introduction
The followings are RACH procedure related agreements made in RAN1 so far [1-3].
	
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

Agreements:
· NR defines the pattern of the slots that contain PRACH resource(s) in to a larger time interval
· FFS: time interval e.g 5/10/20ms
· FFS pattern
· FFS numerology of the slot e.g SS block, UL/DL, Msg1 or PUSCH
· FFS: Within each slot 
· Alt1: RACH resources within a slot are consecutive
· Alt2:RACH resources within a slot are not consecutive, e.g to handle the case of CORESET monitoring , in the 2/4/7 symbols

Agreements:
· At least for initial access, the association between SS blocks and RACH preamble indices and/or RACH resources is based on the actually transmitted SS blocks indicated in RMSI

Conclusion:
· FFS Message 2 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying message 2 is QCL'ed with the SS block which the preamble/RACH occasion the UE sent is associated to
· FFS Message 3 is transmitted by the UE assuming that the same Rx beam as was used for PRACH preamble reception by gNB to which the received RAR is associated to
· FFS If there is no beam reporting in RACH message 3, Message 4 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying message 4 is QCL'ed with that of Msg 2 
· FFS: If there is beam reporting in RACH message 3
· FFS: If and how beam reporting in RACH message 3 impacts message 4 Tx QCL assumption




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. 
One open issue is how a UE uses both the dedicated RACH resource and common RACH resource in handover as discussed in [4]. The issue is whether the UE can use the common RACH resource in the case that the UE does not succeed the RACH transmissions in the early part of the dedicated RACH resource and the common RACH resource is sooner than the remaining dedicated RACH resource as shown in Figure 1. 
As described in Figure 1, multiple dedicated RACH resources can be assigned for the UE. If a UE does not succeed PRACH transmission in point B (the first dedicated RACH resource), the next RACH resource can be common RACH in point C. From the handover latency reduction perspective, it is desirable to use the common RACH resource even though dedicated RACH resource is configured. And once the UE succeeds the access, dedicated RACH resource can be released from the target cell and be used for other purposes. Therefore, it is beneficial for the network for allow the UE to successfully access target cell with the lowest latency without any waste of resources. In order to allow the network to ensure the UE first use dedicated RACH at least once before accessing common RACH, it is proposed that after the UE sends a preamble on a dedicated RACH resource once, then it is up to UE implementation when to fall back to common RACH.

[image: C_D_RACH_HO] 
Figure 1: Example of common RACH and dedicated RACH configured to the UE during HO

Proposal 1: For dedicated RACH resources in handover command messages,
· At least one dedicated time/frequency resource can be configured
· The number of SS blocks of the target cell configured for dedicated RACH is up to gNB: 1 to N
· After the UE sends a preamble on dedicated RACH resource once, then it is up to UE implementation when to fall back to common RACH resource

3. RA-RNTI for PRACH

In LTE, RA-RNTI can be defined in [6] such that
	The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI= 1 + t_id+10*f_id
Where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6).



This RA-RNTI value is only valid if there is only one PRACH instance inside one slot (subframe in LTE terminology). However according to the previous agreement, for the PRACH of L=127/139 there can be multiple PRACH instances inside one slot and the RA-RNTI can be defined differently. Possible way is to include the OFDM symbol number inside the configured PRACH slot.
RA-RNTI= 1 + p_id  + 14*(t_id+10*f_id)
Where p_id is the index of the first OFDM symbol of the specified PRACH (0≤ t_id <14), t_id is the index of the first slot of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6). Note that the exact equation on RA-RNTI can be specified in RAN2 MAC specification as is in LTE .
Proposal 2:
· [bookmark: _GoBack]RA-RNTI calculation should be based on ODFM symbol index inside a slot in addition to the slot index and PRB index of the PRACH resource

4. QCL assumption RA procedure
There were some discussions on the QCL assumptions and the following conclusions were made during the RAN1 NR Adhoc #3.
· FFS Message 2 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying message 2 is QCL'ed with the SS block which the preamble/RACH occasion the UE sent is associated to
· FFS Message 3 is transmitted by the UE assuming that the same Rx beam as was used for PRACH preamble reception by gNB to which the received RAR is associated to
· FFS If there is no beam reporting in RACH message 3, Message 4 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying message 4 is QCL'ed with that of Msg 2 
· FFS: If there is beam reporting in RACH message 3
· FFS: If and how beam reporting in RACH message 3 impacts message 4 Tx QCL assumption

For Msg-2 reception, it is desirable that a UE assumes that the PDCCH/PDSCH DMRS conveying message 2 is QCL'ed with the SS block which the preamble/RACH occasion the UE sent is associated to, since there is no other information available to the UE.
For the transmission of Msg-3, unless there is any beam related information in RAR, UE can assume that the same Rx beam as was used for PRACH preamble reception by gNB to which the received RAR is associated to.
Finally, if there is no beam reporting in RACH Msg-3, gNB does not still have any information for the UE except the beam of the SS-block which the preamble/RACH occasion the UE sent is associated to. Therefore, it is also desirable that Msg-4 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying Msg-4 is QCL'ed with that of Msg-2.
Proposal 3:
· Msg-2 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying Msg-2 is QCL'ed with the SS block which the preamble/RACH occasion the UE sent is associated to
· Msg-3 is transmitted by the UE assuming that the same Rx beam as was used for PRACH preamble reception by gNB to which the received RAR is associated to
· If there is no beam reporting in RACH Msg-3, Msg-4 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying Msg-4 is QCL'ed with that of Msg-2

5. Contention-free RA procedure for PDCCH order
RAN1 agreed on the numerologies (subcarrier spacings) of RACH related channel like the followings.
· 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

There is no agreement on the SCS for Msg1 and Msg2 for contention-free RA procedure for PDCCH order. Like the LTE, it is straightforward that the PRACH time-frequency resources are shared between contention-based RA and contention-free RA inside one cell except for dedicated RACH for handover case. Therefore, it is desirable to use the same SCS for Msg-1 between contention-based and contention-free RA procedures. In that perspective, there is no reason to define or configure the SCS for Msg-1 for contention-free RA procedure for PDCCH order and the SCS configured for Msg-1 for contention based RA procedure can be used for contention-free RA procedure for PDCCH order. 
Then for the SCS for Msg-2, we may need some discussion whether same SCS are used between CBRA and CFRA or different SCSs can be allowed for CFRA. We have to consider the case that the two different PRACH sequences are detected by the gNB in the same PRACH time-frequency resource, one from the CBRA UE and the other from the CFRA UE. Here it is assumed that same SCS is also used for Msg-1 between CBRA and CFRA as proposed above. In LTE, gNB schedules a single PDSCH for both RARs by multiplexing them inside one MAC PDU and using the single RA-RNTI, which is more efficient not only for resource utilization. If the different SCS is allowed for CFRA, the RARs cannot be multiplexed inside the one RAR MAC PDU even though RA-RNTI is the same. In that perspective, it is preferred to use the same SCS for MSg-2 between CBRA and CFRA.
Proposal 4: For contention-free RA procedure not for handover,
·  SCSs for Msg-1 and Msg-2 are same as those for contention-based RA procedure
· No additional configuration is needed in RMSI

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 can be configured
· The number of SS blocks of the target cell configured for dedicated RACH is up to gNB: 1 to N
· After the UE sends a preamble on dedicated RACH resource once, then it is up to UE implementation when to fall back to common RACH resource

Proposal 2:
· RA-RNTI calculation should be based on OFDM symbol index inside a slot in addition to the slot index and PRB index of the PRACH resource


Proposal 3:
· Msg-2 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying Msg-2 is QCL'ed with the SS block which the preamble/RACH occasion the UE sent is associated to
· Msg-3 is transmitted by the UE assuming that the same Rx beam as was used for PRACH preamble reception by gNB to which the received RAR is associated to
· If there is no beam reporting in RACH Msg-3, Msg-4 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying Msg-4 is QCL'ed with that of Msg-2


Proposal 4: For contention-free RA procedure not for handover,
·  SCSs for Msg-1 and Msg-2 are same as those for contention-based RA procedure
· No additional configuration is needed in RMSI
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