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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. 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:
· 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

Agreements:
· 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

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




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[4], 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. 
One question is that whether the RMSI on one beam will carry RA configurations for all beams. To get a clear understanding of the potential impacts on the system design, we analyze the following different altenatives:
· Alt.1: The RMSI on one beam carries RA configurations for one beam
· Alt. 2: The RMSI on one beam carries RA configurations for all beams
· Alt. 3: The RMSI on one beam carries RA configurations for a subset of beams
Since the RMSI only transmits RA configurations for one beam in Alt.1, the required resources for RMSI is less than that of Alt.2 and Alt.3. For Alt.1, a UE cannot get the corresponding RA configurations until it measures multiple SS blocks and determines the best SS block which is to be used for initial access. 
The main advantage of Alt.2 is that UE can read all the RA configurations once it detects a SS block with relative good quality. The UE don’t need to wait until find the best SS block and may achieve some potential latency reduction. However, the resource used for RMSI will increase as the number of actual SS blocks becomes larger. For some frequency band, the maximum number of SS blocks for one cell may be 64. Theoretically, the resource required for the transmission of RA configurations in Alt.2 will be 64 times that of Alt. 1 for this case. It will be a large overhead and may impact some designs to support the UEs with minimum bandwidth. 
Alt.3 is a compromise of Alt.1 and Alt.2. The network can make a tradeoff between the resource consumption and the initial access latency by carefully choosing the subset of beams. Thus Alt.3 may provide some flexibility for the network deployment. 
Based on the above discussions, we have the following proposal:
Proposal 1: Alt.1 is the baseline. If NR supports the RMS on one beam to transmit RA configurations for multiple beams, it should at least support Alt.3

The second 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 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. 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. Thus we have the following proposal:
Proposal 2: The set of beams for RMSI should be the same as that for SS block 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 a beam 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 3: The RMSI should be spatially QCLed with a SS block.

PRACH Preamble Transmission and CSI-RS
There has been some discussion on the association of PRACH resource and CSI-RS. However, the use cases and detailed design should be further justified before we can achieve final conclusion on this topic. There are two main types of use cases: 
· Handover between cells 
· Beam failure recovery
We will discuss these two cases respectively. 
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. One argument to support such association is that it can tell NW which beam(s) carrying CSI-RS has been selected as the best one by the UE. In fact, the framework of beam measurement reporting could solve the problem without such association between PRACH resource subset / preambles. 
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. 
Another 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 discussions, we have the following observation:
Observation 1: For the case of handover, it is not necessary to associate PRACH resources/preambles with a CSI-RS resource.

For the case of beam failure recovery, UE may detect good candidate beam(s) based on the measurement results of some CSI-RS resource and report the new beam(s) to NW via RACH (RACH-like) signals or PUCCH. As UE is moving, the NW may need to configure different subset of CSI-RS resources for the UE’s measurement. Thus if the PRACH resource/preambles is associated with the CSI-RS resources, NW needs to update such association frequently, which will lead to a large amount of signalling overhead.  
One way to reduce the above-mentioned signalling overhead is to configure such association for a large set of CSI-RS resources. However, this way will require more PRACH resources. 
[bookmark: _GoBack]One possible way to achieve a better tradeoff is to associate some PRACH resource/preamble with a small set of labels, which are will be indicated for CSI-RS resource during the CSI-RS resource configuration. In this scheme, NW doesn’t need update the association and only needs to assign some label to a CSI-RS resource when it configure/update the subset of CSI-RS resource.
Observation 2: For the case of beam failure recovery, the design of PRACH transmission in resources based on CSI-RS should jointly consider the requirement of PRACH resource and signaling overhead. 

Msg.1 
NR at least supports transmission of a single Msg.1 occasion before the end of a monitored RAR window. If the beam correspondence doesn’t hold, 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 configure multiple Msg.1 transmission occasions until the end of RAR window.  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
· 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 motivations or significant benefits for UE to indicate multiple good DL Tx Beams to the network. If multiple DL Tx beams are indicated to NW, UE may need to monitoring multiple DL Tx beams for the RAR response, which will leading to more complexity at UE side
· 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
In summary, it is not attractive to choose Option 2. Thus, we have the following proposal:
 Proposal 4: For contention-free random access, NR should choose the solution between Option 1 and Option 3. We have a slight preference for Option 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 5: NR should not support gNB to transmit the same RAR via multiple DL Tx Beams.

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 6: NR should take LTE Msg.3 and Msg.4 as the baseline.
 
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 3: 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 7: 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 8: NR doesn’t support the indication of the best DL Tx Beam via Msg. 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 observations and proposals:
Observation 1: For the case of handover, it is not necessary to associate PRACH resources/preambles with a CSI-RS resource.
Observation 2: For the case of beam failure recovery, the design of PRACH transmission in resources based on CSI-RS should jointly consider the requirement of PRACH resource and signaling overhead. 
Observation 3: 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: Alt.1 is the baseline. If NR supports the RMS on one beam to transmit RA configurations for multiple beams, it should at least support Alt.3
Proposal 2: The set of beams for RMSI should be the same as that for SS block in NR
Proposal 3: The RMSI should be spatial QCLed with a SS block.
Proposal 4: 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 5: NR should not support gNB to transmit the same RAR via multiple DL Tx Beams.
Proposal 6: NR should take LTE Msg.3 and Msg.4 as the baseline.
Proposal 7: NR should not support the beam refinement procedures during Msg.2/4 transmissions.
Proposal 8: NR doesn’t support the indication of the best DL Tx Beam via Msg. 3.
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