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1. Introduction

For NR systems, random access procedures should support single-beam and multi-beam operations in a unified framework. As the multi-beam operation is a new feature compared to the legacy 3GPP systems, most of the discussions were focusing on how to effectively support the random access of a multi-beam system. Here are some agreements achieved in the last meetings [1][2][3]:
	Agreements:
· 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
Agreements:

· 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: 
· 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

Agreement:

· Update previous meeting as follows:

· 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. 

· Alt 4: as proposed on slide 4 and illustrated on slide 5 in R1-1706613

· 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


In the contribution, we will further discuss some remaining issues, especially focusing on the RACH resource configurations and Msg1/2 transmissions. 
2. Discussion
2.1. PRACH Resources/Preambles Configuration
In RAN1#88bis[1], it was agreed to support the association between the SS blocks and the subsets of PRACH resources/preambles. Meanwhile, there remains an open issue: whether 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 Msg. 2 DL Tx beam. 
For a CONNECTED mode UE, NW usually configures contention-free random access for handover procedures. That is to say, NW always configures a dedicated RACH resource/index for a connected mode UE to access the targeting cell. RAN2#97bis got the following conclusions for the measurement reports [4]:

Agreements
1
In NR, as in LTE, it should be possible to include cell quality (e.g. RSRP and/or RSRQ) in the measurement report.

2
UE can indicate the SS block identifier (terminology to be confirmed by RAN1 LS) of x best beams where x is configurable in measurement reports triggered by the events on SS block. 

FFS whether it is needed for all events. 

FFS how the UE can choose the best beams. 

FFS whether quality of the beams are also reported

FFS whether the same applies for CSI-RS

According to the above RAN2’s conclusions, NW can configure the number X of the reported beams with the best qualities. Thus the NW always knows which beam(s) are suitable for the Msg.2 DL Tx beam. If the qualities of the reported beams are reported, then NW can know the best DL beam for the UE. For the commonality of SS-based and CSI-RS-based RRM measurement, it is possible to introduce the above framework to CSI-RS-based RRM measurement as well.  

One argument may be that during the period between the UE’s reporting and the real transmission of PRACH, the best DL beam for the UE has been changed. However, for a UE with high velocity, it is more reasonable to select and report the beams carrying SS blocks since these beams are relatively wider and are of better robustness.
Based on the above discussion, we don’t see strong motivation to introduce the association between CSI-RS for L3 mobility and a subset of RACH resources/preamble indices. 
Proposal 1: There are no strong motivation to introduce the association between CSI-RS for L3 mobility and a subset of RACH resources/preamble indices.
2.2. Msg.1 
It has been agreed that NR at least supports transmission of a single Msg.1 occasion before the end of a monitored RAR window. For the scenarios where the beam correspondence doesn’t hold at the UE side, the UE may take a long time to access the network as it cannot transmit additional Msg.1 until the RAR window expired.  One solution is to support multiple Msg.1 transmission occasions until the end of RAR window or UE received a valid RAR.
Some companies may have concerns on PRACH overhead. To address these concerns, it was proposed to adopt multiple Msg.1 transmission occasions only for contention-free random access. For the contention-free cases, the network can configure the number of Msg.1 transmission occasions based on its deployment policy so that a good balance between the overhead and low RA latency can be achieved. For example, when the system is light-loaded, the network can support the multiple Msg.1 transmission occasions until the end of RAR window.  In the last meeting, there are three options proposed for further study [2]:
· 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
As for Option 2, there are some disadvantages or uncertainties:

· There are no strong motivation or significant benefits for UE to indicate multiple good DL Tx Beams to the network
· The UE transmit power may limit the probability of simultaneous transmissions in the frequency domain
· Multiple Msg. 1 transmissions on different frequency resources may lead to complicated power control problems

· The minimum UE bandwidth has not been determined. Therefore it is not sure how many RACH resources will be available in the frequency domain
In summary, it is not attractive to choose Option 2. Thus, we have the following proposal:
 Proposal 2: For contention-free random access, NR should choose the solution between Option 1 and Option 3. We have a slight preference for Option 3.  
If the transmission(s) of Msg.1 failed, the UE needs to retransmission Msg.1 until receive a valid RAR or reach the maximum number of transmissions. For LTE UEs, it is straightforward to increase the transmit power for retransmission(s). The situation becomes more complicated for NR due to the multi-beam operations.  For a UE capable of multi-beam transmission, it may change the UL Tx Beam for retransmission(s). How to determine the transmit power is still an open issue. There are some alternatives:
· 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.
· Alt 4: as proposed on slide 4 and illustrated on slide 5 in R1-1706613
For a UE with beam correspondence, it is natural to use the same UL Tx Beam for Msg. 1 retransmission. Thus the open issue mainly targets the UEs without beam correspondence. 
For a UE without beam correspondence, it has to “blindly” choose the UL Tx Beam for transmission/retransmission. Since the links of UL Tx/Rx beam pairs may have large difference, it is not reliable to “guess” the quality of one UL Tx/Rx beam pair link based on information of another link. If we use Alt 2 and Alt 3, there will be potential increased interference due to the large transmit power of Msg.1 retransmissions. From our perspective, Alt. 1 and Alt.2 are depending on the manner of UL Tx beam switching, which is up to UE’s implementation. Thus, we propose:
Proposal 3: NR should consider Alt.1 and Alt.4 (with possible down-selection) for the power ramping of Msg.1 retransmission(s).
2.3. Msg.2 
In the multiple-beam systems, an Msg.1 transmission occasion may consist of multiple RACH preambles for the gNB to select the best UL Rx Beam. Regarding the reception of Msg.1, gNB may receive multiple versions of Msg. 1 via different UL Rx Beams. Based on the measurement results on multiple UL Rx Beams, gNB will choose the best one and use it for the successive receptions. Meanwhile, selection of the best UL Rx Beam is only done by gNB and transparent to UE. Thus gNB only needs to transmit one RAR corresponding to the Msg. 1 transmission occasion rather than multiple RARs associated with preambles within the occasion. Thus the baseline UE behavior “UE assumes single RAR reception at a UE within a given RAR window” is sufficient.
Some arguments are raised, e.g., the multiple RAR from different TRPs. For a cell with multiple TRPs, if the TRPs cannot coordinate with each other tightly, we don’t see the motivation to configure such TRPs within one cell, and we think that the TRPs with loose coordination should belong to different cells. If the TRPs are in difference cells, the reception of RARs from different cells seems unnecessary. 
Thus we have the following proposal:

Proposal 4: NR should not support gNB to transmit the same RAR via multiple DL Tx Beams.
2.4. Msg.3 and Msg.4
If UE received a valid RAR, it means that the corresponding beam pair link of Msg. 1 transmission has an acceptable quality since it has completed a relative reliable PRACH transmission. Consequently, Msg.3 transmission can use the same UL Tx beam of Msg.1 transmission. There is no need to change the Tx Beam for Msg. 3 transmission considering the random access latency. As for the selection of a better UL Tx Beam, the network can configure an UL beam management procedure after the random access. 

 Proposal 5: NR should take LTE Msg.3 and Msg.4 as the baseline.
2.5. Beam Refinement during Msg.2/4 transmissions
There are some proposals to support the beam refinement during Msg.2 or Msg.4 transmissions with the aim to determine the finer beam(s) as early as possible.  Based on the agreements we have achieved, the NW can configure and trigger the DL/UL beam management procedure immediately once the random access procedure is finished. Compared the two procedures, we have the following observations for the beam refinement during Msg. 2/4 transmissions:  
· New signals/configurations are required for the measurement for beam refinement
· More standardization efforts
· More RS/signaling overhead
· More complexity of random access procedures
· Potential larger random access latency
· Limited beam candidates leading to limited performance improvement
· Unclear performance gains
Thus we have the following proposal: 
Proposal 6: NR should not support the beam refinement procedures during Msg.2/4 transmissions.
Based on the above proposal, no beam refinement is needed during Msg.2 transmission. Therefore, there is no need to indicate finer beam(s) via Msg. 3. 
Proposal 7: NR doesn’t support the indication of the best DL Tx Beam via Msg. 3.
2.6. UE Capability Reporting on Beam Correspondence
If the NW knows whether beam correspondence is valid at the UE side, the beam management can be performed more effectively with lower overhead and lower latency. As the beam correspondence was agreed as UE capability, NR should support the reporting of such type of UE capability. There are at least three alternatives for the reporting:
· Alt.1:  via Msg. 1

· Alt. 2: via Msg. 3

· Alt. 3: after random access

During the initial access procedures, the first step is that the UE selects the best DL Tx beam based on SS blocks and the second step is that NW responds to a PRACH transmitted via one UL Tx beam of the UE. Thus in the first two steps, the UE and NW have finished the acquisition of coarse UL and DL beams.  

As we discussed in Section 2.5, beam refinement during Msg.2/4 transmissions is not attractive due to the additional cost and unclear benefits. In this case, the NW and UE will use the selected coarse DL/UL beams during the random access procedure. Therefore, there is no strong requirement for the NW to get the information of UE’s beam correspondence. 
As for Alt. 1, the NW needs to configure subsets of RACH resources/preamble indices for the reporting of UE’s capability of beam correspondence, leading to a requirement of more RACH resources. For Alt. 2 or Alt. 3, maybe only 1 bit added to the corresponding message is sufficient and it will not cause much additional overhead or complexity. Thus, compared to Alt. 2 and Alt. 3, Alt. 1 is less attractive. 
Proposal 8: NR should choose one out of Alt.2 and Alt.3 to report the UE capability on beam correspondence. 
3. Conclusions
In this contribution, we discuss some open issues regarding the 4-step random access procedures for NR. Based on the above discussion, we have the following proposals:
Proposal 1: There are no strong motivation to introduce the association between CSI-RS for L3 mobility and a subset of RACH resources/preamble indices.
Proposal 2: For contention-free random access, NR should choose the solution between Option 1 and Option 3. We have a slight preference for Option 3.
Proposal 3: NR should consider Alt.1 and Alt.4 (with possible down-selection) for the power ramping of Msg.1 retransmission(s).
Proposal 4: NR should not support gNB to transmit the same RAR via multiple DL Tx Beams.
Proposal 5: NR should take LTE Msg.3 and Msg.4 as the baseline.
Proposal 6: NR should not support the beam refinement procedures during Msg.2/4 transmissions.
Proposal 7: NR doesn’t support the indication of the best DL Tx Beam via Msg. 3.

Proposal 8: NR should choose one out of Alt.2 and Alt.3 to report the UE capability on beam correspondence.
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