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Introduction
For NR systems, random access procedures should support single-beam and multi-beam operations in a unified framework. Many progresses have been achieved in the last meetings, e.g., framework of PRACH design, basic procedures of initial access. Here are some detailed agreements made in the last meetings [1-4]:
	Agreements:
· 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).

Agreements:
· If the UE conducts beam switching, the counter of power ramping remains unchanged
· FFS: UE behavior after reaching the maximum power
· RAN1 will definitely decide above FFS point

Agreements:
· NR does not support to report UE capability of beam correspondence during RACH procedure.
· Note that UE capability of beam correspondence is reported after RACH procedure

Agreements:
· Random access (RA) configuration is included in remaining minimum SI.
· Continue discussion on
· Whether all RA configuration information is transmitted in all beams used for RMSI within a cell or not
· Whether NW is mandated to use the same set of beams for RMSI and SS block or not
· Whether SS block and RMSI are spatial QCLed or not



In the contribution, we will further discuss the transmission of the RACH resource configurations, Msg1/2/3/4 transmissions, beam refinement during initial access and some other remaining issues. 
Discussion
Transmission of RA Configurations
In RAN1#89[3], it was agreed that random access (RA) configuration is included in remaining minimum SI (RMSI). Thus UE can read RA configurations from RMSI and randomly select some preamble according to the configurations for initial access. In RAN1 NR Ad Hoc #2 in Qingdao [4], it is agreed that RMSI information is common for all beams.
One remaining question is whether NW is mandated to use the same set of beams for RMSI and SS block or not. If the beams carrying RMSI are different from those carrying SS blocks, how can we ensure the similar coverage of SS blocks and RMSI? There may be three different options:
· Option 1: The number of beams for RMSI is the same as that for SS blocks
· Option 2: The number of beams for RMSI is less than that for SS blocks
· Option 3: The number of beams for RMSI is larger than that for SS blocks
Synchronization is the first step for the UE to access NW. Thus the beams carrying SS blocks should be carefully selected to achieve the (nearly) best coverage of the whole cell with joint consideration of overhead and deployment policy. If the beams for RMSI are different, how can we find another set of beams which also achieve the best coverage for Option 1?
For Option 2, a RMSI on some beam need to transmit RA configurations for more than 1 SS blocks. As a result, the coverage of RMSI for Option 2 will be worse than that for Option 1 due to the less beamforming gains. Therefore, there will be some cases where a UE can detect SS blocks with sufficient qualities, but it cannot read the RMSI successfully. 
Option 3 will lead to much more overhead since more beams are used for RMSI transmission. Moreover, UE may try to detect multiple beams for the reading of RMSI, thereby leading to more power consumption and larger latency. 
We discussed all the potential options for the number of beams for RMSI for the views of cell coverage. For each option, we can see some severe problems if the set of beams for RMSI and SS blocks are different. 
Moreover, if the beams of RMSI are the same as that of SS blocks, UE can improve the demodulation performance of RMSI due to the two following reasons:
· UE can get some statistical information based on measurement of SS blocks which is useful to enhance the channel estimation of RMSI
· UE can determine the best Rx beam for RMSI reception based on SS blocks, which leading to the potential reduction of latency
Thus we have the following proposal:
Proposal 1: The set of beams for RMSI should be the same as that used for SS blocks in NR

As we mentioned above, we support that NW is mandated to use the same set of beams for RMSI and SS block. Thus it is natural that NW transmits SS block and the corresponding RMSI on the same beam. As a result, UE should use the same receive beam for the reception of SS block and the corresponding RMSI. Thus we have the following proposal:
Proposal 2: Each RMSI should be QCLed with its corresponding SS block in an implicitly or explicitly manner.

Msg.1
Since NR may be configured with multiple SS blocks carried by different beams, UE needs to measure SS blocks and select a best or a good enough DL Tx beam as the target one for initial access. In order to indicate this target DL Tx beam to NW, UE will select and transmit a preamble associated to the target DL Tx beam. One open question is [4]:
· Is the UE required to select the PRACH resources based on the SS block received with the highest SS block RSRP?

Theoretically, UE needs to measure all candidate SS blocks and select the best one as the target SS block (Scheme 1). In this scheme, UE chooses the best DL Tx beam and the success rate of initial access will be improved. Meanwhile, an argument rises on the latency of initial access when the above scheme is adopted. There are some proposals that UE can select an SS bock with good enough quality and trigger the initial access for the selected SS block to reduce the latency as the UE doesn’t need to measure all candidate SS blocks (Scheme 2). Compared to these two schemes, each one has its own pros and cons:
· Scheme 1: 
· Pros: potentially higher success rate of initial access
· Cons: potentially larger latency
· Scheme 2: 
· Pros: potentially lower success rate of initial access
· Cons: potentially smaller latency
Therefore, the choice of Scheme 1 or Scheme 2 is a tradeoff between different performance metrics. The final decision can be up to UE’s implementation. 
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Proposal 3: It is up to UE’s implementation whether or not the determination of PRACH resource/preamble subset is based on the SS block with the highest SS block RSRP. Meanwhile, UE should satisfy the corresponding RAN4 requirements.

Msg.2 
In RAN1#88 meetings [1], we have made the following conclusions:
· 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

There are still some proposals that NW can transmit RARs from multiple DL Tx beams. However, we don’t see obvious motivations or benefits. The detailed discussions are as follows.
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, the 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 doesn’t support the transmission of RARs via multiple DL Tx Beams for one PRACH transmission occasion.

Msg.3 and Msg.4
In RAN1#88bis [2], there are three different options for the numerology of Msg.3:
· Down-select one of SCS options for PRACH msg. 3 transmission 
· Option 1: RACH configuration (possibly within PBCH or the remaining minimum system information) provides the SCS of the PRACH msg. 3
· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the PRACH msg. 3
· Option 3: RAR can indicate the SCS of the PRACH msg. 3 transmission 

Option 2 is the simplest option as there is no additional signaling to indicate the numerology of Msg. 3. The potential disadvantage is the reduced flexibility. 
Compared to Option 2, Option 2 can provide more flexibility at the cost of some signaling overhead. As the network signals the waveform for RACH message 3 in the RMSI as one bit [1], it is also nature to transmit the indication of Msg.3 numerology in RMSI. 
Option 3 is with the most flexibility at the cost of more bit(s) in RAR messages. Theoretically, Option 3 can provide “UE-specific” indication of Msg.3 numerology. However, the benefits are not clear for such “UE-specific” signaling.  
Based on the above discussions, we have the following proposals:
Proposal 5: For the indication of Msg.3 numerology, NR support Option 1 or Option 2. We have a slight preference on Option 1. 

There are proposals that Msg.3 can transmit information indicating new DL beam(s).  From our understanding, there may be two cases where UE can detect a beam better than that indicated by Msg.1 before Msg.3 transmission:
· Case 1: UE chose a beam with good enough quality for initial access rather than the beam with the best quality
· Case 2: The channel changes between Msg.1 and Msg.3, and the best beam is also changed accordingly for the UE
For Case 1, UE chose a “satisfying” beam which is good enough for the initial access. That is to say the selected beam is sufficient for the subsequent transmissions. Meanwhile, the gain is not clear and has not been justified if the best beam is indicated by Msg.3.
For Case 2, if the quality difference of the two selected beams is marginal, there will be no gain even if Msg.3 indicates the new best beam. If the quality difference of the two selected beams is large, it means the channel is varying very fast, which is not suitable for the multi-beam systems.
Based on the discussions, we have 
Proposal 6: NR should not support Msg.3 to indicate new selected SS block. 

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. 

As for Msg.4, the LTE Msg. 4 should be the base line and it is nature to use the same numerology as Msg.2
 Proposal 7: The numerology of Msg.4 should be the same as that of Msg.2. 
 
UE Collision Reduction
In addition to that used in LTE, there are some new proposals to further reduce the UE collision. 
For example, different TRPs may identify different UEs when they transmit the same preamble at the same PRACH resource since the TRPs are geographically distributed. Then NW may transmit different RARs for UEs. However, it is difficult for UE to know which RAR it should respond to. When a UE receives the two different RARs, what’s the best UE’s behavior?  
Another example is that Msg.4 can assign a new C-RNTI to one UE when NW receives two Msg.3 from two UEs for the same RAR. For a multiple beam system, the UE are distributed between different areas covered via different beams. Thus even the number of UE in one cell is larger than LTE, it is not clear what the probability of UE collision is since much detailed design has not been finished and some assumed scenarios haven’t been justified and simulated.
Observation 1: It is not clear whether any new proposal to further reduce UE collision is needed as the design of initial access has not been finished and some assumed scenarios haven’t been justified and simulated

Beam Refinement during Msg.2/4 transmissions
There are some proposals to support the beam refinement during Msg.2/4 transmissions with the aim to determine the finer beam(s) as early as possible. Based on the agreements we have achieved, NW can configure and trigger the DL/UL beam management immediately once the RRC connection is established. 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
· Limited beam candidates leading to limited performance improvement
· Unclear performance gains

Thus we have the following proposal: 
Proposal 8: NR should not support the beam refinement procedures during Msg.2/4 transmissions.

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 observations and proposals:
Observation 1: It is not clear whether any new proposal to further reduce UE collision is needed as the design of initial access has not been finished and some assumed scenarios haven’t been justified and simulated

Proposal 1: The set of beams for RMSI should be the same as that used for SS blocks in NR
Proposal 2: Each RMSI should be QCLed with its corresponding SS block in an implicitly or explicitly manner.
Proposal 3: It is up to UE’s implementation whether the determination of PRACH resource/preamble subset is based on the SS block with the highest SS block RSRP or not. Meanwhile, UE should satisfy the corresponding RAN4 requirements.
Proposal 4: NR doesn’t support the transmission of RARs via multiple DL Tx Beams for one PRACH transmission occasion.
Proposal 5: For the indication of Msg.3 numerology, NR support Option 1 or Option 2. We have a slight preference on Option 1. 
Proposal 6: NR should not support Msg.3 to indicate new selected SS block. 
Proposal 7: The numerology of Msg.4 should be the same as that of Msg.2. 
Proposal 8: NR should not support the beam refinement procedures during Msg.2/4 transmissions.
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