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Introduction
From last RAN1 meeting, the following agreements are drawn:
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).
This contribution considers aspects of NR 4-step random access procedure for multi-beam operations, i.e., multiple msg.1 transmission for contention free case, the numerology consideration, RACH resource considerations and configurations and also some beam management related discussion. 
Discussions
Multiple Msg.1 before end of RAR
Based on the last agreement, 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. Such agreements will leave three options as following:
Option 1: a long RAR window starts after the first msg.1, and UE could transmit the 2nd, 3rd msg.1 before the end of RAR window (as shown in Fig. 1);


Fig. 1 multiple msg.1 in one RACH attempt with long RAR window after first msg.1
Option 2: the RAR window starts after the last msg.1 (as shown in Fig. 2);


Fig. 2 multiple msg.1 in one RACH attempt with one RAR window after last msg.1
Option 3: each RAR window after each msg.1 (as shown in Fig. 3)


Fig. 3 multiple msg.1 in one RACH attempt with RAR window after each msg.1
In option 1, the UE will be configured a long RAR window, so after the first msg.1 transmission, UE can prepare the start to detect RAR inside the window. Before the window ends, some other available RACH Tx occasions may be available. Thus, if the UE is configured, it could transmit 2nd or 3rd etc. msg.1 in the available Tx occasion before the RAR window ends. By doing this, the UE can start the RAR detection very quickly so that the access delay may be relatively smaller. With option 2, UE will finish the multiple msg.1 transmission first, after the last msg.1, the UE will begin the RAR detection. While in the option 3, each msg.1 transmission will follow with its own RAR window. The difference is that before the end of the RAR window of previous msg.1 transmission, the UE is able to try another msg.1 transmission. 
It’s clear that the option 1 and option 3 may have less access delay since they allow the UE to start RAR detection right after the first msg.1 transmission. It’s possible that the UE stop the msg.1 transmission once it receives a RAR. The option 2, on the contrary, will wait to detect RAR until all the msg.1 in this attempt transmitted. It seems it may have the larger access delay. But for contention free RACH case, the UE may use narrow beam (CSI-RS based RACH) to conduct RA, in order to achieve the highest beamforming gain, the gNB can check all three beams and feedback to the strongest. While for option1 and option3, the first detected RAR may not the best beam pair for the sake of beamforming gain. 
Observation 1: option1 and 3 may have less access delay but option 2 can indicate the beam with higher beamforming gain.  
Numerology for NR RACH Procedure
The numerology for Msg1-4 of the 4-step RA procedure is discussed here. The numerology for Msg1 is more related to sub-carrier spacing used for sending the RA preamble. This is discussed as part of the RA preamble format design and will be chosen based on the preamble detection performance under various settings. In such a case, the numerology for Msg1 is expected to be indicated via the RACH configuration settings which is sent via the RMSI.
Msg2 is the response sent to the UE for its Msg1 transmission. This involves decoding the NR-PDCCH in the common search space (CSS) to decode the RAR contents in the NR-PDSCH. The numerology used for NR-PDCCH transmissions on the CSS can be the numerology associated with initial access. In the rare case that a UE needs to receive both NR-PDCCH on the CSS (e.g. for a random access message scheduling) and NR-PDCCH on a UE specific search space with different numerology, prioritization rules can apply (e.g. similar to BL/CE UEs) to limit the UE complexity in case the UE is not capable of multiple FFT filters (e.g. non-CA capable UE) and it can be generally expected that a scheduler can avoid such events. A single CSS configuration that follows the same configuration as RMSI is better for the NR system operation by avoiding additional signaling to indicate the CORESET for Msg2 decoding purposes.

The RAR contents indicate the resources to be used for Msg3 transmissions and re-transmissions. This includes PRB scheduling for the UL-SCH resources. For a given BW, the PRB scheduling will change depending on the numerology being used for transmissions as discussed in [3]. For instance, X PRBs using 15 kHz SCS will need to be indicated as X/2 PRBs using 30kHz SCS. It is easy to see that this difference in the SCS will force to use different DCI formats for indicating the PUSCH allocations for Msg3 [3]. This can also increase a) the RAR payload if the numerology has to be included in the RAR or b) the blind decoding complexity at the UE side if the numerology is not indicated. Considering this, it seems not necessary to use a separate numerology for RACH Msg3 transmissions. In other words, Msg3 transmission can be assumed by the UE to be indicated in a default manner, which in this case can be the numerology used in PBCH (or numerology of RMSI if it is indicated by PBCH) transmission. This avoids too many switchings in numerology during initial access as agreed to be supported by RAN1.
Msg4 is the contention resolution step which also delivers the C-RNTI to be used by the UE for further transmission. This involves NR-PDCCH and NR-PDSCH decoding. The similar reasoning as given earlier for Msg2 still holds true in the case of scheduling of Msg4. There is no clear benefit to schedule Msg4 to a different numerology when compared to the previous RACH procedure steps. Hence, it is preferred that Msg4 follows the numerology of Msg2 which is the same numerology used for PBCH (or numerology of RMSI if it is indicated by PBCH) transmission.
Proposal 1: Numerology for RACH Msg2, Msg. 3 and Msg. 4 is the same numerology used for PBCH (or numerology of RMSI if it is indicated by PBCH) transmission. 
[bookmark: OLE_LINK1]RACH Configuration Details
Generally speaking, the essential part in RACH configuration should include:
a. Preamble format,
b. Time domain indicators for PRACH,
c. Frequency domain indicators for PRACH,
where the preamble format contains information on sub-carrier spacing, repetition times of sequences, and length of sequences. By using above information, UE can obtain the bandwidth and time duration of PRACH for transmitting single MSG. 1. 
The time domain indicators determine the time domain location and density/period of PRACH. One potential way of time domain indicators includes sub-frame index of PRACH and density/period of PRACH. Another way is that list all the available sub-frame indexes of PRACH resources. 
The frequency domain indicators help UE to obtain the available locations of PRACH in frequency domain. Just indicate the number of available PRACH in frequency domain as well as the PRB index of first PRACH is enough for UE to obtain the frequency domain locations of PRACHs.
For multi-beam operations, considering that there are associations between DL signals and PRACH resources. This association rule can be indicated by explicit or implicit ways. For implicit way, the mapping relationship between SS block index and index of PRACH resource is predefined. This implicit way works well for one-to-one mapping but is a little complicated for many-to-one mapping. For explicit way, mapping relationship is included in RMSI or RACH configurations by using bit-map or other signaling. The explicit way is more flexible with higher overhead compared with implicit indications. Note that considering that there will be multiple PRACH resources since there are multiple DL signals, the time/frequency domain indexes in PRACH configuration can be the location for the first PRACH resource. 
Here is the basic procedure for UE to obtain the time/frequency resources of PRACH. 
UE obtains the suitable DL signals and its corresponding index. Then UE reads the RACH configuration in RMSI. Based on the implicit or explicit mapping relationship indication, UE obtains the PRACH resources index associated with the suitable DL signal. According to the RACH configuration, UE can get the time/frequency location for all the available PRACH resources. Then, combining the PRACH resources index and the time/frequency resources, UE gets the PRACH resource for MSG. 1 transmission.
An example RACH resource mapping is shown in figure below. 


Fig. 4 An example of RACH resource mapping
However, such a mapping or a mapping which is based on an equation, may work well only in one-to-one mapping cases. Considering  the case to support many-to-one mapping  between SS blocks and the RACH resources., higher order polynomials must be supported for defining some functional mapping and hence an equation based mapping may not be so flexible and feasible. Further, the number of parameters to be indicated so as to identify the higher order polynomial may change depending on network implementation. Hence, considering these facts, an explicit association between the SS blocks and the RACH resources is desirable to easily support many-to-one mapping rules. This explicit association can be done by allowing for 
a) variable bit size-based mapping in the RACH configuration depending on the number of resources allotted by gNB for RACH purposes (or) 
b) fixed number of bits for the case of RACH configuration which will limit the gNB flexibility. 
The variable bit-size map will need additional signaling from gNB to inform UE about the size of RACH configuration that needs to be decoded but provided gNB flexibility. On the other hand, a fixed bit size map eases UE behavior but limits gNB flexibility on creating the SS block and RACH resource association. The pros and cons of fixed versus variable bit size for mapping of RACH resources can be studied further. 
Observation 2: An explicit mapping between the SS blocks and the PRACH resources seems feasible in order to support many-to-one mapping between one or multiple SS blocks and PRACH resources. 
Proposal 2: NR considers explicit mapping between SS blocks and the PRACH resources via RACH configuration in RMSI in order to support many-to-one mapping between SS blocks and PRACH resources.
Non-contention based random access for NR
Since there is no collision issue for non-contention based random access, the procedure of non-contention based random access is much simplified and only consists of two steps. In the first step, UE transmits configured preamble on the PRACH and in the second step, UE receives random access response. 
The non-contention based random access can be used in various cases. As an example, in hand-over case, the target gNB will configure dedicated preamble as well as PRACH to UE and UE will perform non-contention based random access. In NR, besides the applications which have already been adopted in legacy LTE, new applications will arise due to the multi-beam operations. One example is that, if gNB can trigger the beam recovery or beam refinement procedure, PRACH with non-contention based random access will be a good choice.
On the other hand, some new requirements from NR also make non-contention based random access inefficient. To maintain high data rate, fast hand-over is essential with stringent delay constraint. However, due to the density of  the PRACH might be low, using those PRACH may not be enough which would lead to large delay, which cannot fulfill the delay requirement for fast hand-over.
Observation 3: Conventional PRACH configuration for non-contention based random access may not be efficient to achieve fast handover in NR.
Procedure for non-contention based random access
Several possible options for performing contention free RACH based on the current agreements are given as following:
a) SS-based L3 mobility measurement; handover command received; UE performs SS measurements of target gNB and received SS block-based RACH resources association. RACH is performed using SS-blocks association. Here beam refinement/management can be done post RACH procedure when in connected mode where the UE receives CSI-RS configuration.
b) SS-based L3 mobility measurement; handover command received; CSI-RS based configuration received with handover command and CSI-RS based RACH resource association is provided based on which RACH is performed
c) CSI-RS based L3 mobility measurement; handover command received and CSI-RS based configuration received with handover command and CSI-RS based RACH resource association is provided based on which RACH is performed
d) CSI-RS based L3 mobility measurement; handover command received; UE performs SS measurements of target gNB and received SS block-based RACH resources association. RACH is performed using SS-blocks association. Here beam refinement can be done post RACH procedure when in connected mode where the UE receives CSI-RS configuration. 
e) CSI-RS based L3 mobility measurement; handover command received; UE performs implicit mapping to SS-block and receives SS block-based RACH resources association. RACH is performed using SS-blocks association. Here beam refinement can be done post RACH procedure when in connected mode where the UE receives CSI-RS configuration.
A UE may be configured with any of these mechanisms and be indicated via handover command either explicitly or implicitly. By means of implicit indication, the UE can perform CSI-RS based RACH procedure if the CSI-RS configuration exists in the handover command. Else it can perform SS block based RACH procedure. 
Resource configuration for non-contention based random access
For non-contention based random access, the PRACH resource can be indicated by PRACH configuration index, as the same with contention-based random access. However, as discussed above, these PRACH may not be efficient enough for some use cases in NR. 
To satisfy the delay requirement, besides the PRACH configuration, one potential solution is to allocate dedicated resource for fast access. This dedicated resource is used to transmit preamble (Msg 1) and two types of resources, i.e. PRACH and dedicated resource, are allocated to UE, to provide more chances to access. Two options are listed as follows.
a. Dedicated resource with no periodicity is allocated to UE along with typical PRACH configuration, as shown in Fig. 5. For this option, UE will use the dedicated resource to transmit preamble. If a UE fails, the UE will use the configured PRACH to perform random access in a non-contention based manner.


Fig. 5. Option a
b. Dedicated resources with periodicity are allocated to UE along with PRACH configuration, as shown in Fig. 6. For this option, UE can use resource (including PRACH and dedicated resource) with smallest delay to transmit preamble. The re-attempt is also performed on the resource with smallest delay, if the first attempt fails. 


Fig. 6. Option b
Compared with opt. a, opt. b is more resource consumptive. However, the density of the RA opportunity allocated for non-contention based random access is increased. As a result, the delay can be much smaller since more chances can be used for preamble transmission, even if the first attempts fail.
For opt. a and opt. b, the dedicated resource can be associated with SS block. Meanwhile, for RRC-connected UE, to maintain the beamforming gain after the access procedure, association between dedicated resource and CSI-RS may be preferred. With this association, in opt. b, UE will first try to perform random access on the allocated dedicated resource. If the attempts on dedicated resources fail, for example, the number of re-attempts on dedicated resource exceeds the configured maximum value; UE will choose RA occasion based on the latest measurement results on SS block. Note that dedicated resources for random access can also support the transmission of multiple msg. 1.
Based on previous discussion, we have following proposal.
Proposal 3: Dedicated resource for fast access can be configured as supplement of existing PRACH resources.
PRACH resource indication for CSI-RS based RACH
A similar mapping as SS-blocks can be defined for the case of CSI-RS as well i.e., an explicit mapping between the CSI-RS which are measured by the UE and the PRACH resources to be used for the ensuing contention-free RACH. For the case of handover, such a mapping may be necessary since the UE may not know the entire mapping and QCL information of all SS blocks and the CSI-RS blocks of the target cell. Furthermore, the entire RACH configuration may or may not be given to the UE for keeping the size of the handover command and its payload to manageable sizes. 
However, for the case of contention-free RACH performed for the case of connected UE within the source cell, the UE has already received the RACH configuration via RMSI of source cell. In this case, a coarse time frequency location may be first indicated (coarse grid indication), for example in terms of the starting point in time and frequency. After this, several possibilities on how UE could determine the CSI-RS associated RACH resource are given as: 
a) UE may infer some mapping between CSI-RS and SS block (based on some resources measured for CSI-RS and SS) to identify the exact RACH resource within this coarsely indicated grid, or
b) UE may be explicitly indicated a time offset/frequency offset between the SS based RACH resource and the CSI-RS based RACH resources along with QCL information between the SS blocks and CSI-RS blocks/beams, or
c) UE can send RACH on the same SS block based RACH resources based on the mapping between CSI-RS and SS blocks i.e., if CSI-RS resources X and Y correspond to the SS block Z, then the UE will send RACH for CSI RS resources X and Y on the RACH resources associated with the SS block Z which is already defined in the RACH configuration. 

An implicit mapping may be preferred to avoid overhead that is necessary for the explicit indication of CSI-RS based RACH procedures. 
Observation 4: The mapping between CSI-RS resources and the PRACH resources can be defined in either an implicit manner or an explicit manner.
Msg2 detection related
Once gNB detects a preamble transmission, it shall prepare the response for the UE. Basically, the idea of LTE msg.2 can be reused with some consideration for NR, e.g., the delay from the end of preamble transmission to the start of RAR detection and the RA-RNTI consideration.
During last meeting, RAN2 has send a LS to RAN1 asking about the fixed duration after the preamble transmission. Frome RAN2 point of view, they prefer as low as possible, possibly zero. From RAN1 stance, similar to LTE, this duration between end of preamble transmission and start of RAR detection is due to the processing delay. If currently in NR, the processing time can be further shorten, it is reasonable to have lower duration for that purpose.
In LTE, only the time and frequency information is needed for the RA-RNTI calculation. However, in NR system, this might not be enough since the multiple SS blocks could be associated with same RACH occasion, in this case the preambles will be divided into multiple groups and each group will be associated with different SS block. When UEs choose different SS blocks, in the calculation of RA-RNTI, the preamble group index could also be considered. By doing so, when UE tries to detect the RAR, it can save some effort by avoiding the one which is corresponding to the same RACH resource (same time/frequency resource) but different SS block.
Observation 5: the duration between end of preamble transmission and start of RAR detection could be shorten if the processing delay in NR is shorten. 
Observation 6: it is beneficial to include the preamble group information in the RA-RNTI calculation. 
Beam management related discussion
During last meeting, some beam refinement/management related topics are raised, e.g., the beam refinement during msg. 2 and reporting DL tx beam during msg. 3 etc. In the following two subsections, the related discussions are given.
Beam refinement/management during RACH procedure
In RAN1#88bis, beam refinement during RACH procedures were suggested to improve the initial access RACH procedures and ensuing data transmissions. For example, P2 procedure during Msg2 and/or Msg4 is suggested. It is clear that the beam refinement during Msg4 does not provide any additional benefits as opposed to performing P2 procedure post Msg4 contention resolution i.e., when the UE is in connected mode. The beam refinement during Msg2 may not be beneficial due to the following reasons – the RAR received may not even be intended for the UE (due to Msg1 preamble collision or if the preamble is chosen by another UE etc.) and yet it performs P2 procedure which increases the power consumption of the UE. Furthermore, the timeline needed for Msg2 may increase depending on the TXRUs and the number of beams that must be supported in this P2 procedure, so that the access delay will be increased as well. Hence, it could be seen that conducting beam refinement/management in RACH procedure is costly (requiring UE to read more configurations, do more measurements when it may not be even connected) but without clear benefits. It seems beneficial and more robust if the beam management procedures are performed after the RACH procedure is successful and the UE is in connected mode. 
For contention-free RACH case, which is typically 2-step procedure, it is not clear how the beam refinement in Msg2 is any beneficial than beam refinement after Msg2. Furthermore, considering the fact that CSI-RS (or narrow beam) based RACH procedure is supported, and the UE can immediately identify the best high-gain/narrow beam to use for data transmission immediately after the RACH procedure, we do not see the need for beam refinement. 
Proposal 4: NR does not support beam refinement during a RACH procedure.
Discussion on UL TA values 
The performed RACH procedure typically gives only the timing advance value for the beam used during the RACH procedure. It is not clear what TA values should be used for the other beams that may be used as part of the UL beam management procedure. The following options may be supported 
a) Use the same TA value as the initial RACH beam (beam on which RACH was performed) for all beams involved in beam management procedure
b) Use TA=0 for all beams in the beam management procedure (typically the TA value is small for small cell environments)
c) Use a pre-configured max TA value that accounts for the cell size
d) Use the same TA value for all beams generated within the same TXRU and a different TA value for beams belonging to other TXRUs. This value may be derived based on some QCL assumptions between the multiple TXRUs. For instance, all TXRUs that are QCL’ed with the TXRU which has the initial RACH beam may use the same TA value. Others may use a TA value which differs based on the difference in the delay spread observed in the past/ TA=0 / max configured TA value
e) Indicate the TA value or TA adjustment in the beam indication. 
f) Other choices not precluded.
Proposal 5: The TA values for beams other than the beam on which RACH was performed, can be chosen from one among the options above.
Multiple RAR
In RAN1#88, it was agreed that single RAR reception from a UE perspective will be the baseline for UE behavior in NR, i.e., the NR UE assumes only one RAR inside the RAR window and stops RAR reception after reading an RAR that is addressed to the preamble used by the UE in Msg1. In NR, previous discussion showed that the NR RACH performance may be improved by considering multiple RAR reception from a UE perspective under certain scenarios. In this document, the discussions are related to the relevance of the scenarios and the resource overhead involved in the support of multiple RAR procedure in NR are given. 
Generally, UE just needs to detect a RAR in the reception window then it could follow the indication to prepare Msg. 3 transmission. However, in the particular case, e.g., considering 2 UE determine the same DL Tx beam as the best one. But the UL Rx beams may be different as shown in Fig. 7. In this case, both the preambles are detected. However, the gNB cannot identify whether these two preambles are from one UE or from two different UEs. One option is that the gNB just sends one RAR, thus one of the UEs may fail. Another option is that the gNB could transmit two RARs. If UE only takes one RAR in the reception window, both UE1 and UE2 will take risk of detecting the wrong RAR. Hence, multiple RAR support can be beneficial in resolving collisions under such settings in NR. 


Fig. 7 preamble collision within same RACH resource with different Tx beam.

Relevance of the setting
A TRP or gNB always wants to provide more angular coverage and also has higher Tx power at its disposal. Hence, it can use a wide beam with higher power to cover a wider angular coverage and to increase the distance-based coverage using higher power levels. Hence, in such cases, several UE’s may fall within the same Tx beam which they find during the SS periods. On the other hand, since the UEs are limited by Tx power, the gNB/TRP can aid them during Msg1 transmission by using narrow beams with higher gain. Hence in such cases, the TRP Tx beam is wider than the TRP Rx beam. The number of TRP Rx beams inside a wide TRP Tx beam depends on the deployment setting. For instance, each TRP Rx beam may or may not have any coverage overlaps. If there is a coverage overlap, then even when there is only one UE, the Msg1 from this UE may be heard on multiple TRP Rx beams. When there is no angular coverage overlaps between different TRP Rx beams, then it is very likely that different UE’s within the same TRP Tx beam will find different optimal TRP Rx beams for their Msg1 transmissions. For example if there are 2 TRP Rx beams inside one wide TRP Tx beam and assuming uniformly distributed users inside this Tx beam coverage area (statistically speaking, when users are uniformly distributed in a given area, any sub-area within this wide area will also have uniform distribution of the users), there is 50% probability that 2 users will be in different TRP Rx beams. Hence, there is a high probability that scenarios such as the ones in Fig. 7 occur. In such cases, the RACH performance can be improved by providing additional mechanisms for resolving spatial collisions. Note that the exact distribution of the users inside each beam will definitely depend on the channel model and the network deployment. But such parameters may be known to the gNB/TRP a priori (based on some past history) and it can take a decision as to how probably such a setting is and can decide whether or not provide support for multiple RAR reception at the NR UE. 
UE behavior
In LTE, the UE may stop after reading the RAR with its preamble id [cf 36.321 Sec 5.1.4] and then sends  Msg3 corresponding to the first received RAR with its preamble id. This indicates that even in LTE, there is a possibility for the UE to listen to multiple RAR within the RAR window, but however it responds with Msg3 for the 1st RARWhen multiple RAR support is provided in NR, the following UE behaviors are possible
a) UE chooses the 1st RAR with its preamble id (LTE procedure i.e., (RAR corresponding to its PRACH transmission i.e. RAR whose PDCCH was masked with RA-RNTI corresponding to UE’s PRACH transmission and RAR includes Preamble ID of preamble used by UE for its PRACH transmission))
b) UE chooses a single RAR (amongst the multiple RAR which matches UEs PRACH transmission i.e. RA-RNTI in PDCCH and preamble ID in RAR) randomly
c) UE chooses all the RARs (all RARs which matches UEs PRACH transmission i.e. RA-RNTI in PDCCH and preamble ID in RAR) within a RAR window
It is clear that option (a) will not improve the NR RACH performance. If the Msg1 is due to different UEs, only 1 UE will succeed in the contention resolution. This may allow only one UE to save UE power consumption and reduce latency, while the other UEs in contention may result in more UE power consumption and increase latency due to PRACH retransmission. 
Under option (b), several cases can arise. For ease of exposition consider that 2 users as shown in Fig 6 experience such a scenario and that the gNB/TRP send 2 RARs and that the 1st RAR is intended for UE 1 and 2nd RAR is intended for UE 2. Then the following cases arise
(b1) both UEs choose the first RAR (UE1 succeeds)
(b2) UE1 chooses first RAR and UE1 chooses second RAR (Both UEs succeed)
(b3) UE1 chooses second RAR and UE2 chooses first RAR (Both UEs fail)
(b4) both UEs choose second RAR (UE2 succeeds)
Hence, in such randomly choosing RAR procedure, there is a higher probability that at least one UE succeeds in sending its Msg3 when compared to case (a) above. However, the other user will definitely have to re-transmit Msg1 at a higher power level and endure a higher RACH latency (in cases b1, b3 and b4). 
Under option (c), both UE’s will send Msg3 corresponding to both the RAR. Since the optimal Rx beams for each UE is different, only one UE will succeed on sending Msg3 on each TRP Rx beam and both users will succeed simultaneously in sending their Msg3’s. In such a setting, although the power consumed at this current instant is higher for each UE due to sending multiple Msg3, each of these UE’s can avoid sending Msg1 at higher power and also reduce the RACH latency. Hence, when compared to options (a) and (b), there is higher probability that both users will succeed in sending Msg3 and also improve the RACH latency. 
Hence, each procedure has its pros and cons. The gNB/TRP may also indicate either implicitly or explicitly whether a single RAR or multiple RAR is supported to enable the UE decision. 
Proposal 6: The gNB/TRP can configure which RAR procedure to support among options a, b and c depending on the network deployment setting. Hence a gNB configurable RAR procedure should be allowed for NR design. 
Resource overhead
Consider the case where there are N beams in the TRP/gNB. Since only one UE per preamble per Rx beam can be detected (collisions within the same Rx beam cannot be resolved), the gNB can send on RAR per preamble detected on each beam. Therefore N RAR’s could be sent in the worst case per preamble id and can be configured by the gNB/TRP. The overhead of this procedure in comparison with the reduction in latency of the RA procedure of the users in the system must be studied jointly. Furthermore, a UE need not be forced to read all RARs at every time instant. An indication in the RAR’s can tell the UE if or not it should look for more RARs in the RAR window since the gNB is aware of the network load situation. Furthermore, when such a procedure succeeds, it can avoid the RACH reattempt by several users which needs higher power from the NR UE’s and thereby increases interference in the ensuing Msg1. Hence, providing support for multiple RAR seems beneficial from a network performance perspective.
Other settings
Apart from the multiple-beam case illustrated above, there are other cases identified where multiple RARs should be supported by the gNB at least from one UE perspective. Some of the settings are 
(i) Multiple TRP setting with non-ideal backhaul
(ii) Multiple simultaneous RACH Tx occasions, at least in frequency domain
In all these settings, the gNB/TRP may respond with multiple RARs from a single UE perspective. For example when multiple preambles are sent by the UE before a RAR window, the gNB can respond with multiple RARs. For each RAR, the gNB can configure orthogonal resources for Msg3. Such a mechanism can help fasten the RA procedure rather than requiring for sending RACH again at a higher power level, which causes increased interference levels. Similarly, in the multiple TRP setting with non-ideal backhaul, each TRP may send RAR individually. A NR UE may either be indicated to select one among options a, b or c described above in Section 2.3 and the associated procedures/ resource allocation may be performed by the gNB/TRPs. 
Conclusion
In this contribution, considerations on NR 4-step RACH are presented. In particular, the following are observed and proposed:
Observation 1: option1 and 3 may have less access delay but option 2 can indicate the beam with higher beamforming gain.  
Observation 2: An explicit mapping between the SS blocks and the PRACH resources seems feasible in order to support many-to-one mapping between one or multiple SS blocks and PRACH resources. 
Observation 3: Conventional PRACH configuration for non-contention based random access may not be efficient to achieve fast handover in NR.
Observation 4: The mapping between CSI-RS resources and the PRACH resources can be defined in either an implicit manner or an explicit manner.
Observation 5: the duration between end of preamble transmission and start of RAR detection could be shorten if the processing delay in NR is shorten. 
Observation 6: it is beneficial to include the preamble group information in the RA-RNTI calculation. 
Proposal 1: Numerology for RACH Msg2, Msg. 3 and Msg. 4 is the same numerology used for PBCH (or numerology of RMSI if it is indicated by PBCH) transmission. 
Proposal 2: NR considers explicit mapping between SS blocks and the PRACH resources via RACH configuration in RMSI in order to support many-to-one mapping between SS blocks and PRACH resources.
Proposal 3: Dedicated resource for fast access can be configured as supplement of existing PRACH resources.
Proposal 4: NR does not support beam refinement during a RACH procedure.
Proposal 5: The TA values for beams other than the beam on which RACH was performed, can be chosen from one among the options above.
Proposal 6: The gNB/TRP can configure which RAR procedure to support among options a, b and c depending on the network deployment setting. Hence a gNB configurable RAR procedure should be allowed for NR design. 
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