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At the RAN1 NR-AH#3 meeting, random access procedure including power ramping/control was discussed and RAN1 made following agreements [1].
	Agreements:
· At least for initial access, 
· The PDSCH for RAR is confined within NR UE minimum DL BW for a given frequency band
· The PDSCH for Msg4 is confined within NR UE minimum DL BW for a given frequency band. 
· FFS: If PDSCH for RAR and Msg4 are confined within initial active DL BWP.
· Send an LS to RAN4 informing tone spacing and bandwidth of different RACH preamble formats 
· Check if these RACH preamble formats are confined within UE’s minimum UL BW 
· Assigned to Dhiraj (Samsung) – R1-1716805, approved in R1-1716814 with the following updates
· The minimum uplink bandwidth needed for supporting this PRACH preamble format is 1.25MHz for 1.25kHz SCS and 5 MHz for 5kHz SCS.
· Update the action to: RAN1 would like to ask RAN4 to take the above information into account in their future work, and to inform RAN1 if there are concerns over the above information.

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

Agreements:
· For RAR, X can be supported for the timing gap between the end of MSg1 transmission and the starting position of the CORESET for RAR
· Value of X = ceiling(/(symbol duration))*symbol duration, where the symbol duration is based on the RAR numerology
· Where  is to accommodate sufficient time for UE Tx-Rx switching if needed (e.g., for TDD)
· Note: UE Tx-Rx switching latency is up to RAN4

Agreements:
· RMSI indicates only a single transmit power for SS blocks in Rel-15
· For initial access, threshold for SS block selection for RACH resource association is configurable by network, where the threshold is based on RSRP
FFS details, including ping-pong effect handling

Agreements:
· NR supports at least slot based transmission of Msg2, Msg3 and Msg4
· Check if slot based scheduling can satisfy ITU requirement. If not, investigate ways to meet ITU requirement, e.g., non-slot based transmission of Msg2, Msg3 and Msg4

Agreements:
· Msg3 is scheduled by the uplink grant in RAR
· Msg3 is transmitted after a minimum time gap from the end of Msg2 over-the-air reception 
· gNB has the flexibility to schedule the transmission time of Msg3 while ensuring the minimum time gap
· FFS the minimum time gap w.r.t. UE processing capability

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



In this contribution, we discuss on remaining issues of 4-step random access procedure.

Message 1
RACH configuration
 In LTE, RACH configuration includes following parameters.
· PRACH preamble information
· E.g., number of preambles, preamble group config
· Power related parameters
· E.g., power ramping step, preamble initial received target power
· Supervision information
· E.g., maximum number of preamble transmission, RAR window size, contention resolution timer, maximum number of Msg.3 transmission

NR RACH configuration would also include above information as in LTE. In addition, association between SS/PBCH block (SS block) and RACH resources/preamble indices needs to be indicated in RACH/PRACH configuration as new parameters in NR. The association should relate to the location indication for RACH resource. We discuss on the location indication for RACH resource and the association with SS block in our companion contribution [2].

Threshold for SS block selection
 At the last meeting, it was agreed that threshold based on RSRP for SS block selection for RACH resource association is configurable by network. Appropriate value of threshold helps UE to initiate random access procedure earlier. The appropriate value of threshold means that NW can ensure UE’s good access if UE measurement meets the threshold. Also, the threshold can be changed for NW load balancing. The appropriate value depends on NW deployment, interference observed by network and network load, and then absolute value based on SS block RSRP should be used as metric of threshold for SS block selection.
Proposal 1: Absolute value based on SS block RSRP should be used as metric of threshold for SS block selection.

Numerology for contention free RA procedure
 At the RAN1#90 meeting, RAN1 agreed on the numerology for contention based RA procedure and contention free RA procedure for handover. The remaining issue is numerology for contention free RA procedure triggered by PDCCH order, e.g., for DL data arrival in condition of no uplink sync. In that case, UE just needs to recover uplink sync, and remain camping on the serving cell. Thus UE can know and read RMSI of serving cell. Then UE can use the same numerology for Msg.1 and Msg.2 with contention based RA procedure in order to save indication bit in PDCCH order, i.e., SCS for Msg.1 is configured in the RACH configuration and SCS for Msg.2 is the same as the numerology of RMSI.
Proposal 2: For contention free RA procedure triggered by PDCCH order,
· SCS for Msg.1 is configured in the RACH configuration
· SCS for Msg.2 is the same as the numerology of RMSI

Dedicated RACH resource for contention free RA procedure
 At the RAN1 NR-AH#2 meeting, following agreements were reached.
	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


On the other hand, dedicated RACH resource for contention free RA procedure triggered by PDCCH order has not been discussed yet. In LTE, UE can find available RACH resource based on PRACH configuration and PRACH mask index. If similar method is considered in NR, number of bits for PRACH mask index corresponding to RACH resources associated with all SS blocks may become larger. Therefore in NR, PRACH mask index should be assigned among RACH resources per each SS block as shown in Fig.1. Fig.1 shows an example in which second index as time index is indicated and then available RACH resources for the UE are red color parts. In such case, UE selects one of these available RACH resources based on detection of SS block. In addition, indication in frequency and sequence domain are also applied in a similar way. In other words, time index, frequency index and/or preamble index in dedicated RACH configuration should be assigned among RACH resources/preamble indices per each SS block.
Proposal 3:  For contention free RA procedure triggered by PDCCH order, time index, frequency index and/or preamble index in dedicated RACH configuration should be assigned among RACH resources/preamble indices per SS block.
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Figure.1: example of time index in dedicated RACH configuration

Message 2 
RAR scheduling
 Regarding RAR scheduling method, it was agreed that at least for initial access, RAR is carried in PDSCH scheduled by PDCCH. Even for other case than initial access, 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 on PDCCH gives RAR scheduling information, and RAR is transmitted on PDSCH. 
Proposal 4: NR should support DCI-based RAR scheduling for IDLE/CONNECTED mode UE.

RA-RNTI
Multiple RACH occasions in time domain can be located within a slot as we describe in another contribution [2]. In such case, RARs corresponding to these RACH occasions should be distinguishable by RA-RNTI and/or RAR contents since RAR windows corresponding to such multiple RACH occasions will overlap. Regarding time index in RA-RNTI calculation, following options can be considered.
RA-RNTI is computed based on
Option1: the SS block index associated with the RACH preamble and slot index within the subframe
Option2: the symbol index and slot index within the subframe
Option3: RACH occasion index within the subframe
Granularity of time index of option1 and 3 is variable since it depends on the number of SS blocks and time duration of preamble format, respectively. Also, the range in time domain which is distinguishable by RA-RNTI calculation needs to meet maximum RAR window size so that each RAR corresponding to different RACH occasions can be distinguished. Thus, if the granularity of RA-RNTI calculation is variable as option1 and 3, the range of RNTI values which have to be reserved for RA-RNTI is also variable and it is not preferable. Therefore, RA-RNTI calculation should be defined in symbol level granularity as option2, which can meet minimum time duration of preamble format, in order to fix the required range of RNTI values for efficient use of RNTI values.
Also, as described in another contribution [2], flexibility of indication of RACH resources in frequency domain in NR and size of frequency index, e.g., f_id, can be larger. Therefore, size needed for RA-RNTI can be further larger.
Proposal 5: RA-RNTI calculation is defined as below.
RA-RNTI = 1 + symbol index + slot index * number of symbols within slot + frequency index * number of slots within maximum RAR window duration * number of symbols within slot
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The size of RAPID field
 In LTE, the size of RAPID field is 6 bits, i.e., the number of available preambles is 64. In NR, the size of RAPID field should be 6 bits as capacity in NR is at least as high as in LTE and the size of RAPID field is fixed. In addition, we can reach higher capacity than in LTE depending on definition of RA-RNTI calculation as above discussion.
Proposal 6: The size of RAPID field is 6 bits.

Other issues
There are at least following issues to be discussed regarding NR RACH procedure. There are many remaining details regarding RACH procedure to make NR RACH procedure workable. 
Regarding Msg.1,
· How to configure association between SS block/CSI-RS and RACH resources/preamble indices

Regarding Msg.2,
· Range and step size for timing advance command
· The size of Uplink grant field
· RAR window length
· CORESET configuration parameters for Msg.2
· QCL relationship between Msg.2 and RMSI and/or SS/PBCH block

Regarding Msg.3,
· Whether/how to apply HARQ for Msg.3 
· How to grant Msg.3 retransmission
· Configuration parameters of initial UL bandwidth part for Msg.3 scheduling (if defined)
· Msg.3 transmission power calculation/control

Regarding Msg.4,
· Whether/how to apply HARQ for Msg.4 
· How to configure PUCCH or PUSCH for ACK/NACK reporting
· CORESET configuration parameters for Msg.4

Regarding entire RA procedure,
· Whether NR support non-slot based transmission during RA procedure or not
· QCL issues between Msgs, and between Msg(s) and other channel/signal

Conclusion 
In this contribution, we discussed on 4-step random access procedure for NR. We made the following proposals. 
Proposal 1: Absolute value based on SS block RSRP should be used as metric of threshold for SS block selection.
Proposal 2: For contention free RA procedure triggered by PDCCH order,
· SCS for Msg.1 is configured in the RACH configuration
· SCS for Msg.2 is the same as the numerology of RMSI
Proposal 3:  For contention free RA procedure triggered by PDCCH order, time index, frequency index and/or preamble index in dedicated RACH configuration should be assigned among RACH resources/preamble indices per SS block.
Proposal 4: NR should support DCI-based RAR scheduling for IDLE/CONNECTED mode UE.
Proposal 5: RA-RNTI calculation is defined as below.
RA-RNTI = 1 + symbol index + slot index * number of symbols within slot + frequency index * number of slots within maximum RAR window duration * number of symbols within slot
Proposal 6: The size of RAPID field is 6 bits.
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