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1	Introduction
During the NR Study Item, RAN1 has established requirements and scenarios for NR ‎[1] and has identified technology components that are needed to standardize the NR system ‎[2]. The objective of the work item phase is to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low latency communications (URLLC) considering frequency ranges up to 52.6 GHz and considering forward compatibility and introduction of new technology components for new use cases.
In this contribution, we discuss the NR random access procedure, where we consider the 4-step random access procedure, the random access procedure in a multi-beam system and RMSI RACH configuration parameters. 
Related to 4-step RACH procedure, the following agreements were reached in RAN1-NR#2:
	Agreement:
· 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	4-step Random Access Procedure
2.1	Random Access Response
2.1.1 	Scheduling of the RAR
In LTE, the RAR message is transmitted on PDSCH and its scheduling is indicated to the UE using a DCI on PDCCH associated with the RA-RNTI. We propose that for NR, we have a similar scheme.
Proposal 1: In NR, the Random Access Response (RAR) message is transmitted on the NR-PDSCH channel. The scheduling of the RAR is indicated to the UE using a DCI on NR-PDCCH associated with the RA-RNTI.
2.1.2	Random Access Response Timing


After the gNB has received the random access preamble, it transmits the random access response (RAR). Higher layers configure a RAR window. The RAR window starts  slots after the slot that has the random access preamble using the RACH numerology as configured by the minimum SI. Per LS from RAN2,  is fixed as follows [4]:
“For MSG2 reception the RAR window starts at a fixed duration after the preamble transmission occasion. From the RAN2 perspective, it is beneficial that the fixed duration is as low as possible, possibly zero.”


The length of the RAR window is  slots as shown in Figure 2. If the gNB receives a preamble, it sends the RAR during the RAR window. After the UE sends a preamble, it attempts to receive the RAR during the RAR window. 
Proposal 2: The RAR window duration is a configurable parameter that is part of the minimum SI.


[bookmark: _Ref477886503]Figure 2: Timing of RAR window.
In case of handover and multiple/repeated PRACH preambles configured for the UE the RAR window is assumed to start at a fixed duration after the last preamble transmission occasion. 
2.1.3 	Content of RAR
The RAR message includes at least the following fields:
· The PRACH resource/preamble sequence index of the associated preamble.
· Grant for RACH message 3.
· Time advance command.
· Preamble signal quality indicator – this can assist the UE to determine the best UL Tx beam to use for RACH message 3.
· TPC bits for PUSCH (may be combined with the preamble signal quality indicator)

Proposal 3: The RAR message contains at least the following information fields: The PRACH resource/preamble sequence index of the associated preamble, the grant for RACH message 3, time advance command, the preamble signal quality indicator and TPC bits for PUSCH.
2.1.4 	gNB Procedure
After the gNB has received a preamble on a certain PRACH resource, with a certain preamble sequence index and on a certain beam the gNB transmits the associated RAR during the corresponding RAR window. The gNB selects the DL Tx beam based on the random access preamble resource/preamble sequence index and the beam association configured by higher layers. In case of Tx/Rx beam correspondence at the gNB, this beam should be the beam corresponding to the gNB Rx beam on which the preamble was received.
2.1.5	UE Procedure
After the UE has transmitted the preamble, the UE listens to the RAR during the RAR window.
· If the UE receives a DCI associated with the RA-RNTI, and the corresponding NR PDSCH contains the transmitted preamble sequence index, L1 sends the RAR message to L2 and waits for RACH message 3 from L2 according to the grant received in the RAR. The UL Tx beam used for RACH message 3 is the UL Tx beam of the corresponding random access preamble with the best preamble signal quality metric.
· If the UE receives a DCI associated with the RA-RNTI, but the corresponding NR-PDSCH doesn’t contain the transmitted preamble sequence index, or the UE doesn’t receive a DCI associated with the RA-RNTI during the RAR window, the UE can retransmit the preamble, by selecting a different UL Tx beam, or by incrementing the RACH preamble power.

Proposal 4: The UE attempts to receive the RAR during the RAR window after sending the random access preamble, by searching for a DCI associated with the RA-RNTI, and the corresponding NR-PDSCH contains the transmitted preamble sequence index.
2.2	RACH Message 3 and 4
After the UE receives the random access response (RAR), it transmits RACH message 3. RACH message 3 is transmitted per the UL grant received in the RAR (see section 2.1.3). The gNB will attempt to receive RACH message 3. If RACH message 3 is not successfully received, the gNB can request its retransmission up to a configurable maximum number of retransmissions. RACH message 3 uses asynchronous adaptive HARQ retransmissions.
Proposal 5: NR supports asynchronous adaptive HARQ retransmissions for RACH message 3.
The UE determines the UL Tx beam used for RACH message 3 based on the beam of the corresponding random access preamble. Also, the gNB signals TPC bits in RAR to the UE assuming the same TX beam for message 3 as used for PRACH preamble
RACH message 4 is transmitted on PDSCH and its scheduling is indicated to the UE using a DCI on PDCCH. It is up to L2 to decide when and what information is carried on RACH message 4.
Proposal 6: In NR, RACH message 4 is transmitted on PDSCH and its scheduling is indicated to the UE using a DCI on PDCCH.
2.3	On QCL associations in random access procedure 
During the RACH procedure the UE can assume the following QCL associations
- Message 2 is transmitted using the same TX beam as was used to transmit SS block the preamble the UE sent is associated to
- Message 3 is transmitted assuming the same RX beam at gNB as was used for PRACH preamble reception to which received RAR is associated to
- Message 4 is transmitted assuming the same TX beam as was used to transmit Message 2 if no beam refinement procedure was applied before Message 4
Proposal 7: As a baseline, support the QCL associations in random access procedure as follows:
- Message 2 is transmitted using the same TX beam as was used to transmit SS block the preamble the UE sent is associated to
- Message 3 is transmitted assuming the same RX beam at gNB as was used for PRACH preamble reception to which received RAR is associated to
- Message 4 is transmitted assuming the same TX beam as was used to transmit Message 2 if no beam refinement procedure was applied before Message 4
4	RACH RMSI parameters
	Agreement:
· 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:
· 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).
…



To facilitate the discussion, we consider the following terms:
· RACH Occasion = is a RACH preamble format transmitted on a certain time frequency resource.
· RACH Burst = Set of RACH Occasions allocated consecutively in time domain. RACH Burst can be a slot or part of the slot. 
· RACH Burst Set = Set of RACH Bursts to enable full RX sweep.

This is shown in Figure 3.
[image: ]
[bookmark: _Ref485298899]Figure 3: RACH Occasion, RACH Burst and RACH Burst Set.
In LTE, the PRACH preamble parameters including timing and PRACH preamble format are provided to the UE in SIB2. In NR, RACH configuration information is to be included in the RMSI, to allow the UE to send RACH as part of initial access. The UE shall be able to determine at least the following parameters after receiving the RMSI:
PRACH preamble format parameters
· Subcarrier spacing for PRACH preamble(s)
· RACH preamble sequence length (long vs short sequences)
· Cyclic shift information, including the use of RACH restricted sets.
· RACH root sequence index
· PRACH preamble format (for RACH Occasion)
· Number of RACH Occasions in frequency domain
· PRB locations of RACH Occasions

RACH Burst set parameters
· Number of RACH Occasions per RACH Burst
· Number of RACH Bursts per RACH Burst set
· Time between two consecutive RACH Bursts
· RACH burst set periodicity and timing of the first RACH burst of the RACH burst set

Parameters related to association between contention-based PRACH preambles and SS blocks:
· Subset of RACH resources and/or preamble indices can be associated to SS blocks with the following manner:
· One SS block is associated to one subset (e.g. when SS block TX and RACH RX use the same beams)
· Multiple SS blocks can be associated to one/same subset (e.g. when RACH RX uses digital receiver)
· One SS block is associated to multiple subsets in time domain (e.g. when RACH RX uses more narrow beams than SS block TX)

Proposal 8: Support at least the following RRC parameter categories in RMSI:
· PRACH preamble format parameters
· RACH Burst set parameters
· Parameters related to association between PRACH preambles and SS blocks supporting the following associations:
· One SS block is associated to one subset of RACH resources and/or preamble indices
· Multiple SS blocks can be associated to one/same subset of RACH resources and/or preamble indices
· One SS block is associated to multiple subsets of RACH resources and/or preamble indices

gNB may or may not use all the L SS block locations. Thus, it’s logical that RACH resources are associated to actually transmitted SS blocks. For that RMSI needs to indicate the actually transmitted SS blocks and related RACH associations. 
Proposal 9: RMSI indicates actually transmitted SS blocks for which association between SS blocks and RACH preamble indices and/or RACH resources are defined. 
5	Conclusions
In this contribution, we discussed 4-step random access procedure including random access response (RAR), message 3 and message 4 as well as RACH parameters conveyed as part of RMSI. The following proposals were made:
Proposal 1: In NR, the Random Access Response (RAR) message is transmitted on the NR-PDSCH channel. The scheduling of the RAR is indicated to the UE using a DCI on NR-PDCCH associated with the RA-RNTI.
Proposal 2: The RAR window duration is a configurable parameter that is part of the minimum SI.
Proposal 3: The RAR message contains at least the following information fields: The PRACH resource/preamble sequence index of the associated preamble, the grant for RACH message 3, time advance command, the preamble signal quality indicator and TPC bits for PUSCH.
Proposal 4: The UE attempts to receive the RAR during the RAR window after sending the random access preamble, by searching for a DCI associated with the RA-RNTI, and the corresponding NR PDSCH contains the transmitted preamble sequence index.
Proposal 5: NR supports asynchronous adaptive HARQ retransmissions for RACH message 3.
Proposal 6: In NR, RACH message 4 is transmitted on PDSCH and its scheduling is indicated to the UE using a DCI on PDCCH.
Proposal 7: As a baseline, support the QCL associations in random access procedure as follows:
- Message 2 is transmitted using the same TX beam as was used to transmit SS block the preamble the UE sent is associated to
- Message 3 is transmitted assuming the same RX beam at gNB as was used for PRACH preamble reception to which received RAR is associated to
- Message 4 is transmitted assuming the same TX beam as was used to transmit Message 2 if no beam refinement procedure was applied before Message 4
Finally, we considered the RMSI parameters needed for RACH configuration, the following proposals were made:
Proposal 8: Support at least the following RRC parameter categories in RMSI:
· PRACH preamble format parameters
· RACH Burst set parameters
· Parameters related to association between PRACH preambles and SS blocks supporting the following associations:
· One SS block is associated to one subset of RACH resources and/or preamble indices
· [bookmark: _GoBack]Multiple SS blocks can be associated to one/same subset of RACH resources and/or preamble indices
· SS block is associated to multiple subsets of RACH resources and/or preamble indices

Proposal 9: RMSI indicates actually transmitted SS blocks for which association between SS blocks and RACH preamble indices and/or RACH resources are defined. 
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