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1   Introduction
To support diverse services and QoS requirements in NR, some new characteristics (e.g., numerology and TRP/beam) have been introduced, and they may inevitably lead to impacts on RACH procedure. In this contribution, we will discuss potential impacts on random access caused by multiple beams and then propose potential enhancements for 4-step RA in NR accordingly. 
2   Impact of beamforming on RA resource
2.1 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, which implies that cell-specific (or beam specific but only one beam per cell) random access resource is applicable to at least low frequency NR system. 

By contrast, in 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.

From RAN1’s perspective, the following agreements have been achieved [1][2]:

	RAN1 #88bis meeting
· 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
RAN1#89 meeting

· RAN1 will study transmitting PRACH preambles in CONNECTED mode in resources based on CSI-RS

FFS: use cases and configurations details based on CSI-RS


From the agreements, we can see that the gNB can configure an association between DL beam and a subset of RACH resource and/or subset of preambles, where the DL beam can be SS block or CSI-RS (at least for connected mode).

Proposal 1: Before the RA procedure is initiated, an association between DL beam and a subset of RACH resource and/or subset of preambles can be configured by the gNB, where the DL beam can be the SS block or CSI-RS (at least for connected mode).
2.2 RA resource selection
Before performing the random access, PRACH and preambles are assumed to be available for the UE. In LTE, the UE can select Group A or Group B for the preamble according to the Msg3 size and DL Pathloss.
Similarly, the approach of RA resource selection in LTE could also be adopted in NR. Specifically, based on Proposal 1 above, the UE should select the subset of RACH resources and/or a subset of preambles based on the DL measurement (SS block or CSI-RS in connected mode). More specifically, we think that the UE shall select the PRACH resources and/or preambles subsets associated with the best DL beam (used to receive Msg 2), as proposed in the following. 

Proposal 2: The UE shall first select the best Msg2 DL beam identified by SS block index/time index/CSI-RS in the serving cell before the RA procedure is initiated, and transmit preamble on the PRACH resources associated with the selected beam. 
Proposal 3: Preamble(s) should be selected within the preamble set that is associated with the selected DL beam.
3   Impact of beamforming on RA procedure
3.1 Msg1 

In LTE, when the initial RA attempt fails, UE is able to 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 UL beam when performing Msg1 retransmission.
3.2 Msg2

With the introduction of beamforming in NR, it is likely that a UE transmits multiple Msg1 in the same RAR window using potentially multiple UL beams, as previous agreements in RAN1 NR#2 below [3]

	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


However, even if multiple Msg1 transmissions are enabled by multiple UL beams, we see that multiple Msg1 still needs to be transmitted on different PRACH resources, i.e. whether different resources in frequency/time/preamble. Additionally, RAR content may be different from that in LTE due to multiple beam operations in NR. Specifically, if RAN1 agrees to transmit multiple Msg1 on different beams, (which is an option in RAN1 #88 agreements as shown above), the best UL transmission beam can be detected and indicated to the UE within RAR.
Proposal 4: The best UL transmission beam can be indicated by the gNB within the RAR.

In legacy LTE, the Msg2 reception window is configurable for different scenarios while the start time is fixed and could be different for different scenarios. NR has different time unit such as symbol, slot or subframe to support different service/numerologies and/or TTIs with variable duration. Therefore, it is beneficial to support UE reception of RAR within an Msg2 reception window with a configurable duration. 
Proposal 5: The UE should monitor RAR using RA-RNTI, within a reception window with configurable duration, on the DL beam associated with the selected PRACH resources. 
3.3 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. On the other hand, as discussed above, we propose that the UE may be able to achieve the best UL beam from the received Msg 2. Therefore, by taking into account both aspects above, we think that if the best transmission beam can be indicated within RAR, then the UE may use the best transmission beam to transmit Msg3; else, it is up to UE to decide which beam is used for transmitting Msg 3 (e.g. whether different from Msg 1 UL beam).

Proposal 6: If the best transmission beam is indicated within RAR, the UE shall use the best transmission beam to transmit Msg3. Otherwise; it is up to UE to select which beam is used to transmit Msg3.
3.4 Msg4

In LTE, after Msg3 is transmitted, UE shall start mac-ContentionResolutionTimer and monitor the PDCCH for Msg4. Similarly in NR, once Msg3 is transmitted, UE should monitor the PDCCH for Msg4 when the mac-ContentionResolutionTimer is running. Considring the impact of beam, the UE should monitor the same DL beam with the one on which UE monitors Msg2.

Proposal 7: The UE shall monitor Msg4 within contention resolution timer, on the same DL beam as the one for monitoring Msg2.
4   Conclusion
In summary, some random access enhancements with multiple beam operations in NR are discussed in this paper. 

Observation 1: The UE may switch the UL beam when performing Msg1 retransmission.
Proposal 1: Before the RA procedure is initiated, an association between DL beam and a subset of RACH resource and/or subset of preambles can be configured by the gNB, where the DL beam can be the SS block or CSI-RS (at least for connected mode).
Proposal 2: The UE shall first select the best Msg2 DL beam identified by SS block index/time index/CSI-RS in the serving cell before the RA procedure is initiated, and transmit preamble on the PRACH resources associated with the selected beam. 

Proposal 3: Preamble(s) should be selected within the preamble set that is associated with the selected DL beam.
Proposal 4: The best UL transmission beam can be indicated by the gNB within the RAR.

Proposal 5: The UE should monitor RAR using RA-RNTI, within a reception window with configurable duration, on the DL beam associated with the selected PRACH resources. 

Proposal 6: If the best transmission beam is indicated within RAR, the UE shall use the best transmission beam to transmit Msg3. Otherwise; it is up to UE to select which beam is used to transmit Msg3.
Proposal 7: The UE shall monitor Msg4 within contention resolution timer, on the same DL beam as the one for monitoring Msg2.
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