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1. Introduction
Random access is a hot topic discussed in RAN1 and RAN2. To support diverse services and QoS requirements in NR, some new characteristics (e.g., numerology and TRP/beam) have been introduced, which will inevitable have impacts on RACH procedure. In this contribution, we will first discuss the impacts on random access in NR by taking into the presence of numerology and multiple TRP/beams in a gNB. Then we will analyze the potential enhancements for 4-step RA in NR. The RAN1 agreements corresponding to random access is summarized in appendix.
2. Discussion
2.1 General
In LTE, the random access procedure is applicable to the following scenarios: Initial access from RRC_IDLE; RRC Connection Re-establishment procedure; Handover; and DL/UL data arrival during RRC_CONNECTED (e.g. when DL/UL synchronisation status is "non-synchronised").
In NR, it seems that basically all the above mentioned scenarios are still valid. Furthermore, RAN2 is going to include some use cases for newly adopted features such as on-demand SI delivery or state transition from inactive to connected state. Technically, it is natural to strive for as much commonality in random access procedure as possible across all use cases. Therefore random access enhancements should be done to be compatible with new NR characteristics.
2.2 Potential impacts on RA by new NR characteristics 

To efficiently support the various scenarios and new characteristics, the existing random access procedure will inevitably be affected. Considering the different TTI lengths of different numerologies, the timer used in RACH procedure should be provided in a finer granularity. Moreover, resource management scheme should be modified to efficiently support high frequency deployment. Several issues to be settled are listed below:
	Issue
	Description

	1
	The impact of multiple/repeated preamble decision of RAN1 on Msg1 transmission. E.g. single or multiple Msg1 within a given window

	2
	How does the UE transmit Msg1 with consideration of beams? 

	3
	How does the UE select PRACH and preamble?

	4
	How does the UE calculate RA-RNTI？

	5
	How and where does the UE monitor RAR? 

	6
	What’s the impact forMsg3/Msg4?


3. RA resource
3.1 RA resource configuration
Random access resources consist of PRACH and RACH preambles. NR is supported in low frequency as well as high frequency. Operation of RA in low frequency could be seen similar to RA procedure in legacy LTE, therefore, cell-specific (or beam specific but only one beam per cell) random access resource is applicable to at least low frequency NR system. Considering high frequency, a NR cell may consist of one or more beams. TRPs within a NR cell may or may not be synchronous to each other due to different deployment. In order to provide flexibility for specific load or dedicated services by a TRP, beam-specific random access configuration might be a potential solution.
3.2 RA resource selection
The UE should know available PRACH and preambles before the random access procedure. In LTE, the UE can obtain the available set of PRACH resources by the parameter of prach-ConfigIndex. There are 64 preambles in total and they are divided into three groups: dedicated preambles,Group A and Group B. Dedicated preambles are for contention-free random access. The UE can select Group A or Group B according to the Msg3 size and DL Pathloss.
Similarly, the LTE RA resource selection approach could be adopted in NR. For the case without gNB Tx/Rx beam correspondence. In RAN1#88bis meeting, it has been agreed that:

	· Association between one or multiple occasions for SS block and a subset of RACH resources and/or subset of preamble indices is informed to UE by broadcast system information or known to UE or FFS dedicated signaling
FFS gNB can configure an association between CSI-RS for L3 mobility and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam


From the agreements, it can include that UE shall select the subset of RACH resources and/or a subset of preambles based on the DL measurement (SS block) and the corresponding association. 
Proposal 1: The UE should first select the best Msg2 DL beam identified by SS block index or time index in the serving cell before random access, and transmits preamble on the PRACH resources associated with the selected beam. 
Proposal 2: Selection of preamble (s) should take into account DL measurement of the selected beam.
4. Enhancements for RA procedure
4.1 Msg1 
In LTE, when the initial random access is failed, UE can retransmit Msg1 until the RA procedure is successful or the retransmission limit is reached. It has been agreed in RAN1 #88 meeting that whether UE performs UL beam switching during retransmission is up to UE implementation. Therefore, the beam for retransmission might be different from that used for initial transmission.

Observation 1: The UE may switch the beam when performing Msg1 retransmission.
4.2 Msg2

From the RAN1#88 agreements on the number of RAR, one RAR reception at a UE is a baseline within a given RAR window. Multiple RAR does not preclude therefore we discuss one RAR reception below. In legacy LTE, 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), f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6).
As defined, RA-RNTI is related to the time-frequency location of PRACH. It is still unclear what will t_id and f_id will be in NR, especially taking multiple numerologies characterized by subcarrier carrier space and TTI length into consideratin. Moreover, UE shall monitor RAR on the DL beam associated with the RACH and/or preamble. Whether RA-RNTI calculation need to consider Msg2 DL beam index shall be discussed in RAN1 first. Therefore, RAN2 needs more RAN1 input to discuss RA-RNTI calculation.
Proposal 3: RAN2 is requested to ask RAN1 to provide more details of PRACH configuration for RA-RNTI calculation.
As defined in LTE MAC spec [2], RAR window starts at the subframe that contains the end of the preamble transmission plus three subframes and has length ra-ResponseWindow in LTE. If the UE is a BL UE or a UE in enhanced coverage, RA Response window starts at the subframe that contains the end of the last preamble repetition plus three subframes and has length ra-ResponseWindowSize for the corresponding coverage level. If the UE is an NB-IoT UE, RA Response window starts at the subframe that contains the end of the last preamble repetition plus 41 subframes and has length ra-ResponseWindowSize for the corresponding coverage level. 

In legacy LTE, the Msg2 reception window is configurable for different scenarios while the start time is fixed but could be different for different scenarios. Besides, both the start point and RAR window size use subframe as a unit. NR has different time unit such as symbol, slot or subframe to support different service/numerologies and/or TTIs with variable duration. Furthermore, the number of preambles in a Msg1 transmission could be configurable. Therefore, it is beneficial to support UE reception of RAR within an Msg2 reception window with a configurable start time and duration. 
Proposal 4: The UE should monitor RAR using RA-RNTI, within a reception window with configurable start time and duration, on the DL beam associated with the selected PRACH resources. 
LTE RAR contains TA (Timing Advance), TC-RNTI and UL grant for Msg3. Considering new RA characteristics (e.g. Msg1 transmission options) discussed in NR, RAR content may be different from that in LTE. In RAN1#88 meeting, three options are given for Msg1 transmission between a monitored RAR window. If RAN1 agrees to transmit multiple Msg1 on different beams, the best transmission beam can be detected and indicated to UE within RAR.

· Option 1: Transmission of only a single Msg.1 before the end of a monitored RAR window 

· Option 2: multiple simultaneous Msg.1 transmissions use different frequency resources and/or use the same frequency resource with different preamble indices

· Option 3: A UE can be configured to transmit multiple Msg.1 over multiple RACH transmission occasions in the time domain. Each RACH transmission occasion shall use a single beam

Proposal 5: RAR can at least contain UL grant, TA and Temporary C-RNTI in NR. 
Proposal 6: Whether to indicate the uplink transmission beam in RAR is up to RAN1. If RAN1 agrees that the UE transmits multiple Msg1 on different transmission beams, the best transmission beam can be indicated by the gNB within RAR.
4.3 Msg3 
In RAN1 #87 meeting, it has been agreed that UL Tx beam for Msg3 transmission is determined by UE at least for UE in idle mode. Thus UE may use the same UL Tx beam used for Msg1 or may determine the UL Tx beam for Msg3 by additional signalling from gNB. Especially in high frequency, the channel is unstable which will influence the Msg3 transmission. It is up to the UE whether to select another beam for Msg3 different from the one used for Msg1 transmission.

Observation 2: It is up to UE whether to use a UL Tx beam different from that used for Msg1 transmission.
4.4 Msg4

In LTE, once Msg3 is transmitted, UE shall start mac-ContentionResolutionTimer and restart mac-ContentionResolutionTimer at each HARQ retransmission and monitor the PDCCH for Msg4 until mac-ContentionResolutionTimer expires or is stopped . When the contention resolution is received, the mac-ContentionResolutionTimer shall be stopped.
Proposal 7: In NR, UE can reuse the mechanism to start/restart/stop the mac-ContentionResolutionTimer in LTE.
In NR, Msg3 could be sent using different numerologies. Correspondingly, for different numerologies, the available duration for gNB to schedule Msg4 could be different. Therefore, it is beneficial that the contention resolution timer can be configured per numerology. 

Proposal 8: In NR, the contention resolution timer should be configured at least per numerology. 

5. Conclusion
In summary, some random access enhancements in NR are discussed in this paper. 
Observation 1: The UE may switch the beam when performing Msg1 retransmission.
Observation 2: It is up to UE whether to use a UL Tx beam different from that used for Msg1 transmission.
Proposal 1: The UE should first select the best Msg2 DL beam identified by SS block index or time index in the serving cell before random access, and transmits preamble on the PRACH resources associated with the selected beam. 
Proposal 2: Selection of preamble (s) should take into account DL measurement of the selected beam.
Proposal 3: RAN2 is requested to ask RAN1 to provide more details of PRACH configuration for RA-RNTI calculation.

Proposal 4: The UE should monitor RAR using RA-RNTI, within a reception window with configurable start time and duration, on the DL beam associated with the selected PRACH resources. 
Proposal 5: RAR can at least contain UL grant, TA and Temporary C-RNTI in NR. 

Proposal 6: Whether to indicate the uplink transmission beam in RAR is up to RAN1. If RAN1 agrees that the UE transmits multiple Msg1 on different transmission beams, the best transmission beam can be indicated by the gNB within RAR.
Proposal7: In NR, UE can reuse the mechanism to start/restart/stop the mac-ContentionResolutionTimer in LTE.
Proposal 8: In NR, the contention resolution timer should be configured at least per numerology. 
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Appendix 

In this part, we summarize the RAN1 Agreements corresponding to 4-step RA. Include aspects on number of Msg1, number of RAR, Msg1 retransmission, RACH association, Msg1 retransmission, Msg1/Msg3 Tx beam, RACH resource subset size, power ramping, etc.
RAN1# 87 Agreements on RA
In RAN1# 87 meeting, the following agreements have been agreed [1]: 

Agreements: Msg1 retransmission
	· NR supports the following procedure(s) for msg1 re-transmission

· Down selection or combination of power ramping, UE beam switching, and RACH resource switching

· FFS: How to combine power ramping, UE beam switching, and RACH resource switching depending on number of TRP Rx beams, UE Tx beams, number of RACH resources
· FFS: Whether to consider different procedures depending on the single-TRP/beam or multi-TRPs/beams

Other options for all frequency ranges are not precluded


Agreements: Msg1 Tx beam
	· UE Tx beam(s) for preamble transmission(s) is selected by the UE.

· During a RACH transmission occasion of single or multiple/repeated preamble(s) as informed by broadcast system information, UE uses the same UE Tx beam.


Agreements: RACH assosiation
	· Regardless of whether Tx/Rx reciprocity is available or not at gNB at least for multiple beams operation,

· At gNB, the DL Tx beam for message 2 can be obtained based on the detected RACH preamble/resource and the corresponding association
· UL grant in message 2 may indicate the transmission timing of message 3
· NR will support different PRACH configurations, e.g., considering different numerologies case and whether Tx/Rx reciprocity is available or not at gNB


Agreements: Msg3Tx beam
	· In RACH procedure, the followings are considered at least for UE in idle mode:

· UL Tx beam for Msg. 3 transmission is determined by UE, 

· UE may use the same UL Tx beam used for Msg. 1 transmission.
· FFS: if determination can be assisted by additional signaling from gNB if necessary and how to determine UL Tx beam for Msg. 3
· Others are not precluded


Agreements: RACH resource subset size
	· RAN1 studies further on

· the support of different RACH resource subset size that is associated with one or multiple occasions for DL broadcast channel/signal

· FFS: whether other parameters of each RACH resource subset can be different

· FFS: How the different RACH resource subset size information is conveyed to UE

· the support of same RACH resource subset size that is associated with one or multiple occasions for DL broadcast channel/signal and non-uniform transmission of DL broadcast channel/signal across different directions in a multi-beam scenario

· Other mechanisms to load balance RACH resource subset is not precluded


RAN1# Ad Hoc Agreements on RA
In RAN1# Ad Hoc meeting, the following agreements have been agreed [2]: 

Agreements: RA preamble format
	· NR defines that: 

· a random access preamble format consists of one or multiple random access preamble(s),

· a random access preamble consists of one preamble sequence plus CP, and

· one preamble sequence consists of one or multiple RACH OFDM symbol(s) 

· UE transmits PRACH according to the configured random access preamble format


Agreements: Definition of RACH transmission occasion
	· For 4-step RACH procedure, a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam 


Agreements: number of Msg1:
	· NR at least supports transmission of a single Msg.1 before the end of a monitored RAR window
· NR 4-step RACH procedure design should not preclude multiple Msg.1 transmissions until the end of RAR window if need arises


Agreements: power ramping:
	For NR RACH Msg. 1 retransmission at least for multi-beam operation:
· NR supports power ramping. 
· If the UE conducts beam switching, working assumption that one of the alternatives below will be selected (configurability between multiple alternatives may be considered if clear benefit is shown): 
· Alt 1: the counter of power ramping is re-set.
· Alt 2: the counter of power ramping remains unchanged.
· Alt 3: the counter of power ramping keeps increasing. 
· Other alternatives or combinations of the above are not precluded.
· If UE doesn’t change beam, the counter of power ramping keeps increasing.
· Note: UE may derive the uplink transmit power using the most recent estimate of path loss.
· The detail of power ramping step size is FFS.
· Whether UE performs UL Beam switching during retransmissions is up to UE implementation
· Note: which beam UE switches to is up to UE implementation


RAN1# 88 Agreements on RA
In RAN1# 88 meeting, the following agreements have been agreed [1]: 
Agreements: number of Msg1:
	· For contention-free random access, the following options are under evaluation 

· Option 1: Transmission of only a single Msg.1 before the end of a monitored RAR window 

· Option 2: A UE can be configured to transmit multiple simultaneous Msg.1 

· Note: multiple simultaneous Msg.1 transmissions use different frequency resources and/or use the same frequency resource with different preamble indices

· Option 3: A UE can be configured to transmit multiple Msg.1 over multiple RACH transmission occasions in the time domain before the end of a monitored RAR window


Agreements: number of RAR
	· Following is baseline UE behavior 

· UE assumes single RAR reception at a UE within a given RAR window 

· NR random access design should not preclude UE reception of multiple RAR within a given RAR window, if need arises


Agreements: RACH association
	· At least for the case without gNB Tx/Rx beam correspondence, gNB can configure an association between DL signal/channel, and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam.

· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources and/or the subset of RACH preamble indices 

· A preamble index consists of preamble sequence index and OCC index, if OCC is supported

· Note: a subset of preambles can be indicated by OCC indice


RAN1# 88bis Agreements on RA
In RAN1# 88bis meeting, the following agreements have been agreed [1]: 

Agreement: RACH association
	· Association between one or multiple occasions for SS block and a subset of RACH resources and/or subset of preamble indices is informed to UE by broadcast system information or known to UE or FFS dedicated signaling
· FFS gNB can configure an association between CSI-RS for L3 mobility and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam


