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Introduction
From RAN1#88bis meeting [1], the following agreements related to RACH procedure are draw:
Agreements:
· Down-select one of SCS options for the remaining minimum system information transmission
· Option 1: PBCH signals the SCS of the remaining minimum system information 
· Option 2: The same SCS applied in PBCH transmission is used for the transmission of the remaining minimum system information
· FFS whether the SCS refers to the control and/or data channel for remaining minimum system information
· Note: RAN2 has decided to go with option 2
· 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 
· FFS the determination of the SCS for msg 1, 2, and 4
Agreements:
· In NR, the RACH configuration provides at least:
· RACH time/freq. information 
· RACH preamble format
From RAN1#89 meeting [2], some other agreements are generated:
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:
· For RMSI, the same subcarrier spacing is used for data and control channels
· For paging, the same subcarrier spacing is used for data and control channels
· RAN1 will strive to minimize the subcarrier spacing switching point during the initial access and idle mode
· FFS: Whether the subcarrier spacing of data and control channel is the same between RMSI and paging

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 consideration, contention free RACH and also the beam management related discussion. 
Discussions
Multiple Msg.1 transmission
During previous meetings, three options are proposed to be the RACH Tx occasion configuration for contention free case, According to the latest agreement on RACH configuration, there will be two kinds of options available:
· Option 1: allow ONLY one Msg. 1 transmission before end of RAR window, as one example illustrated in Fig. 1. 

 Fig.1 only one Msg. 1 transmission before RAR window
· Option 2: allow multiple simultaneous Msg. 1 transmission before end of RAR window, as one example illustrated in Fig. 2. Note that a UE could only transmit multiple Msg. 1 in these RACH transmission occasions which are configured in frequency domain.

 Fig. 2 two simultaneous Msg. 1 transmissions before RAR window
· Option 3: allow multiple Msg. 1 transmission before the end of RAR window, as one example illustrated in Fig. 3. Note that some RACH transmission occasions could be configured in time domain.


Fig. 3 two Msg. 1 transmissions before RAR window
For contention free scenario, e.g., handover case, a UE will receive the RACH resource (Tx occasion) configuration via the serving cell signaling. In LTE, a UE can be configured with explicit RACH resources and in order to avoid contention with other UEs and reduce the access delay as much as possible, the UE will be assigned with a dedicated preamble. Therefore, similar philosophy could be applied in NR design. 
In addition to the available preamble and PRACH resource, the UE capability on beam correspondence is also taken into account. For UEs with/without beam correspondence, the discussion of pros and cons of the above three options are given below.
If following the LTE configuration, several RACH Tx occasions are available before the RAR window:
· For option 1, each UE will be configured with only one of the Tx occasion to transmit Msg. 1. If the UE holds the beam correspondence, this may be fine as during the downlink measurement, it may already find the best DL Rx beam thus also find the preferred UL Tx beam to transmit Msg. 1. On the other hand, for the UE without beam correspondence, the preferred UL Tx beam to be used for the target cell might be unknown yet, e.g., it has three UL Tx beam and for the Msg. 1 transmission, it has to determine the UL Tx beam with uncertainty and randomness. In this case, this UE might need to conduct several RACH re-attempts until finally get accessed to new cell, for which case the access delay could be not acceptable for handover scenario, especially the fast handover is more preferred in NR
Observation 1: Option 1 is only beneficial to UE with beam correspondence and may significantly increase the access delay for UE without beam correspondence.
· For option 2, the UE could send multiple Msg. 1 but restrained in the same time before receiving the RAR. Due the property of the analog beamforming, the UE could maybe only generate beam for one direction at one time unless it has multiple panels. Thus, the issue raised in the above is still there that a UE without beam correspondence needs to try several RACH attempt and the access delay might be still unacceptable. For another setting that UE uses the same RACH resource but with different preambles, it seems not appropriate to do so as the UE will be assigned with the dedicated preamble in the handover case in which the contention is avoided. Besides, multiple antenna panels are still needed to transmit in different direction. The benefit of assigning more than one preamble to the UE is not clear.
· For option 3, the UE could be configured with multiple RACH Tx occasions for multiple Msg. 1 transmissions. To the UE without beam correspondence, it could take the advantage to transmit Msg. 1 via different UL Tx beams and access the new cell with less delay, because for option 1, the UE doesn’t know whether the random access failure is due to wrong direction or insufficient power, so it might try all the direction before power ramping, or it could hold the same direction but keeps power ramping up. No matter how, the UE may face the risk to take a long time until successfully access. Thus, the multiple RACH Tx occasions could allow a UE to try with the direction first. Note that this doesn’t imply the RACH Tx occasion configuration should be based on the number UE UL Tx beam. For example, it could happen that one UE has 8 UL Tx beams but the available RACH Tx occasions are less than 8 due to the resource limit. The idea of allowing multiple Msg. 1 transmissions via multiple RACH Tx occasions in time domain is to generally reduce the access delay. On the other side, for the UE with beam correspondence, it could just select one of the RACH Tx occasion as in the option 1. 
Observation 2: option 3 could be beneficial to both UEs with/without beam correspondence.
Consider in the practical scenarios, UEs with and without beam correspondence both exist. The design of random access procedure for contention free case targets to allow the UE to access the new cell as soon as possible. Moreover, the RACH procedure design for multi-beam operation should not significantly sacrifice any types of UE. Thus, option 3 should be supported at least for random access in contention free scenario. 
Proposal 1: Option 3 should be supported at least for random access in contention free scenario.
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 2: 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 consideration
It has been agreed that there will be association between one or multiple SS blocks and a subset of RACH resources and/or subset of preamble indices. By using this association, gNB can determine the DL Tx beam for Msg 2 based on the RACH resource and/or received preamble. This also means that the different SS blocks with different DL Tx beam may be associated with different RACH resources. The time/frequency information of the associated subset of RACH resources should be indicated in the corresponding SS block, in the remaining minimum SIB, through RACH configuration as well as the association. 
Another consideration is that whether the RACH configuration is the RMSI is beam common or beam specific. The benefits of beam common include that the UE need not read RMSI over and over again when the cell is not changing. Hence, for every beam change, the UE can assume the same RMSI configuration and can safely avoid RMSI decoding to save UE power consumption. Furthermore, RMSI is transmitted in the NR PDSCH, so the overhead should not be considered as a significant problem. Hence, the RACH configuration which is also cell specific is preferred to be common across all beams/ SS blocks. 
Thus, the following scheme can be considered for RACH configuration. Note that in this contribution, the RACH resources that associated with SS blocks in one SS block burst set is denoted as one RACH resource set.
RACH configuration is common among SS blocks. Pre-defined or indicated association rule is used for determining the corresponding RACH resource. 
For this scheme, common information on RACH resources should be included in the RACH configuration. In this case, the information provided by RACH configuration index should consist of preamble format, time/frequency location information of the RACH resources, density and available RACH resource set in frequency domain. Note that time/frequency location information should provide all the time/frequency information of RACH resources associated with SS block. After read the RACH configuration, UE can obtain all the information on RACH resources within the RACH resource set. According to the association between SS block and RACH resources, UE can locate the RACH resource for preamble transmission.
The illustration of proposed option is shown in Fig. 4. The green SS block is associated with the red RACH resource. To obtain the time/frequency location of the red RACH resource, UE need to get the time/frequency location of RACH resource set according to the RACH configuration. After that, based on the association rule, UE locates the red RACH resource. Note that the association rule can be pre-defined or indicated by the remaining minimum SI. 


Fig. 4. The illustration of proposed RACH configuration.
Observation 3: RACH configuration is more beneficial to be common among SS blocks.

Msg. 3 timing 
One issue is to determine the transmission timing for Msg. 3. In LTE, the UE will try to find the first available UL sub-frame at least in 6 sub-frames after the detection of RAR. This timing relation is fixed in the spec and there is one-bit parameter named UL delay in the 20-bit UL grant intending to offer some load balance effect to the resource allocation. However, due to the introduction of beamforming in the NR design, the timing relation of detected RAR and Msg. 3 transmission should consider the reception of Msg. 3, i.e., gNB will have the specific preferred/selected UL Rx beam for each UE where such UL Rx beam could be determined during detection of Msg. 1. For the convenience of using analog beamforming, it’s better to allocate these UEs with the same UL Rx beam in the same time opportunity. For the case of gNB has no beam correspondence, it will require the UE to transmit the preamble(s) using the repeated format. As one example shown in Fig. 5, four UEs select the same DL Tx beam associated RACH resource to transmit the Msg. 1, and it’s possible that gNB might detect them with different UL Rx beams. For the sake of better receiving the Msg. 3 using analog beamforming, gNB could allocate UE1 and UE3 in the same subframe and UE2 and UE4 in another subframe. 

 
Fig. 5 configure timing by considering UL Rx beam preference

One simple solution is that, NR could still configure a UE common timing relation to indicate the timing of Msg. 3 transmission, for example, preconfigured in the spec or indicating in the SIB, UE should find the available UL sub-frame for Msg. 3 transmission in 6 sub-frames after the detection of RAR. Then by further extending the usage of UL delay to indicate the UE specific adjustment, the network could separate the UEs preferring different UL Rx beam into different timing (sub-frames). For example, extending the UL delay field into 3 bits, then the gNB could indicates 8 different levels of delay; gNB could configure the UL delay value based on the selection of UL Rx beam and/or the need of load balance. Given the example of Fig. 1, gNB could configure the UL delay for UE1 and UE3 to be 000 (denote 0 subframe delay, then UE1 and UE3 find the first available UL subframe in 6 subframe after the detected RAR), and configure the UL delay for UE2 and UE4 to be 001 (denote 1 subframe delay, then UE2 and UE4 find the first available UL subframe in 6 subframe after the detected RAR, and delay one more subframe to transmit the Msg. 3). Thus, by the combination of UE common indication and UE specific adjustment, the determination of Msg. 3 transmission timing could be done.
Proposal 3: Both UE common and UE (group) specific timing configuration could be supported. 
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 4: 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.
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. 6. 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. 6. Option a
b. Dedicated resources with periodicity are allocated to UE along with PRACH configuration, as shown in Fig. 7. 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. 7. 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.
Based on previous discussion, we have following proposal.
Proposal 4: Dedicated resource for fast access can be configured as supplement of existing PRACH resources.
Consideration on CSI-RS based PRACH transmission
The past RAN1 agreements include a) CSI-RS for L3 mobility b) Non-contention based channel based on PRACH for beam recovery and c) Beam failure detection RS at least includes periodic CSI-RS for beam management.
UE specific CSI-RS is the RS that will be used for most operations in connected mode as seen above. It is therefore beneficial if a RACH procedure based on this CSI-RS signal is designed in RAN1 to be used across various use cases such as handover and beam recovery.  
In the last RAN1 meetings, it seems a majority view is that some form of narrow beam procedure is definitely needed (either via beam refinement or via CSI-RS) in order to enable better contention-free RACH procedure. Thus, a RACH procedure based on CSI-RS is very useful. A RACH procedure based on CSI-RS requires a) CSI-RS configuration b) PRACH resources associated with these CSI-RS signals. 
For handover case based on CSI-RS, the following procedure is typically expected 
a) A UE detects a target cell using SS block and reports to the serving cell
b) A UE is configured with CSI-RS for handover and performs measurements which are relayed back in the measurement report. Individual beam measurements will be reported as part of this measurement report as agreed in RAN2. Only when the measurement reporting is triggered by the events on SS block, then SS block measurement will be included in the measurement report. Else only CSI-RS identifier information is included i.e., when the event is triggered by the CSI-RS. Further x>=1 beams can be reported in this measurement report. 
c) A UE receives a handover command which contains all information necessary for the RACH procedure in order to connect with the target cell. 
For the case of RACH, the RACH configuration that is sent to UE as part of handover command will have to include (i) either SS block based RACH configuration of the target cell or (ii) CSI-RS based RACH configuration of the target cell. 
Consider if (i) is used: Since the SS block measurement was only used to detect the cell and not reported in the measurement report (for events triggered by CSI-RS), the UE may use a sub-optimal beam for RACH if it does not know the association between the CSI-RS and SS (if only one CSI-RS resource/ beam is reported back, then there is no issue as only 1 RACH resource will be indicated to UE associated with CSI-RS and/or the associating SS block, the issue happens when x>1 CSI-RS beams are reported and the association between CSI-RS to SS blocks is not known to UE). 
It is also agreed in RAN1 that NR supports indication of PRACH resource allocation for non-contention based random access for a UE. Although it is not yet agreed whether these resources are shared or separate from the initial access RACH resources, as explained earlier in this contribution having a separate set of RACH resources improves the handover performance. In such cases, the gNB is not sure which RACH resources must be indicated to UE since the UE has not reported the SS block measurements. Furthermore, even though if RACH via SS is successful, the UE will again have to perform beam management procedures to identify the best beam or it can use the same CSI-RS beams reported in the measurement report for data connection after RACH at the risk of not knowing whether these beams still hold valid or not. Furthermore, considering the fact that SFN may be used and composite beams may be used, the SS blocks to be indicated may belong to different TRPs and the coordination among TRPs may also increase the latency of the RACH procedure (problematic in the cell with multiple TRPs and multiple simultaneous beams that are forming a composite SS block beam) for handover. So, following only SS block procedure may be complicated for the case of handover when especially it may need to be fast. This problem only aggravates when the SS block periodicity is configured to be 160ms and SS resources/ measurements may not be available at the moment when the UE intends to do RACH (in order to update SS measurements compared to the time when detection of cell was done). In such cases since CSI-RS was configured, it can be more reliably used for the RACH procedure. 
A similar concern was echo’ed in [4] wherein it is said that “In a typical NR deployment, a cell comprises multiple TRPs where each TRP may have multiple panels and TXRUs, and the cell can generate multiple beams at a time. SSs are transmitted in SFN manner from simultaneous beams and UEs cannot distinguish individual beams from detected SSs. Additional RS is needed to uniquely identify each beam. The RS may be e.g. cell-specific CSI-RS that is FDM or TDM multiplexed with SS blocks. Now associating PRACH resources for DL RS, e.g. CSI-RS, would provide means for the UE to indicate via PRACH resource selection the preferred DL beam for NR-PDCCH and NR-PDSCH transmission for Msg2. If the association was between SS block and PRACH resource in this scenario the cell would need to use more resources than would be needed for Msg2 transmission. Those resources could be used for other UEs if the gNB would know the preferred individual DL beam and not only the preferred SS block which comprises multiple individual beams. In non-typical NR deployment, a cell has only one TRP and the TRP has just one panel and transceiver unit (TXRU), the cell is able to generate one beam at a time. That means that synchronization signals like SSS and SS block index (signal within SS block) identifies uniquely the beams of the cell. Thus, additionally transmitted DL RS like cell specific CSI-RS using the same beam characteristics as SSs would not bring any additional value or information. In that case, associating PRACH resources to SS blocks would be enough to uniquely identify BS beam preferred for NR-PDCCH and NR-PDSCH transmission for Msg2.” While this issue was discussed from initial access RACH perspective, the same concerns hold  for connected mode handover wherein the UE specific CSI-RS signals can be used. Also with 1 panel, a wider beam may be formed for improved angular coverage by not activating some antenna elements. In such cases SS blocks beams can be wider, but the UE CSI RS Rx beams can be narrow (formed by activating all antenna elements in the panel). For such a setting, only 1 beam can be formed at one time instant and it must be decided in the RAN1 specification to support such deployments as well. Hence, even in the case of 1 TRP with 1 panel forming 1 beam at a time instant, the issue still holds valid. 
Another issue that can happen is that if UE sends RACH on SS block, the TRPs can listen by using narrow beams for Msg1. But which TRP will send the Msg2 response may be not known and the UE will have to listen for a longer time for the RAR in case of contention free handover case. However, if the CSI-RS narrow beams are used, based on strongest beam on which UE does the handover RACH, the same beam send the Msg2. This is efficient delivery of Msg2 for the 2-step contention free handover RACH.
Consider if (ii) is used: Since CSI-RS beams are reported for measurement; the gNB can allot resources for the corresponding CSI-RS beams. Based on the strongest beam, the UE may be indicated only the RACH resources for the best CSI-RS beam and perform RACH on the same. This same beam can be used for data connection purposes. This can significantly improve the Msg.1 link budget during handover in such scenarios where CSI-RS for L3 mobility is used.  The CSI-RS resources can be shared with SS RACH resources (more discussion about sharing resources below) or FDM’ed/ TDM’ed with SS-block based RACH resources. These can be configured in an opportunistic manner and need not be configured all the time. Hence, the overhead of the RACH resources may not be much considering the improvement in handover performance.   
[bookmark: _GoBack]Trunking efficiency: Trunking refers to the concept wherein a system provides access to many users by sharing a set of resources amongst them instead of providing them individually. The efficiency may go down when these resources are split individually. In LTE, in order to ensure that the contention free RACH is more successful and faster, dedicated preambles are provided which can be used on the same RACH resources. Even here the trade-off between access latency and trunking efficiency was perceived but for the benefit of faster RACH in handover cases this decision was made. Similarly, in NR, such a decision can be made considering the fact that NR is a more flexible system that handles more users with more system BW. Hence, just splitting the available preambles may alone not be sufficient and providing dedicated/additional resources may also be necessary. In such a case, we believe that considering separate/shared resources for the CSI-RS beams (splitting the SS block resources) and/or preambles will need to be the decision to be made for an improved NR system performance in order to achieve no loss of data during handover and faster mobility (low mobility interruption time which is KPI for NR). 
Beam recovery
Since CSI-RS measurement can be used for identifying the candidate beam, it makes sense to have a PRACH procedure defined based on CSI-RS in order to recover from beam failure. Furthermore, before beam failure a UE is connected with a TRP with a narrow beam used for PDSCH transmissions. After beam recovery, it is beneficial that the UE can recover with a narrow beam for the sake of maintaining high beamforming gain. However, the new beam identification RS for beam recovery can be either SS block or CSI-RS. Depending on which RS is chosen, RA procedure (e.g., resource configuration) may be re-used for beam recovery. This discussion is pending on the decisions taken in beam recovery discussions. 
Proposal 5: Support CSI-RS based PRACH procedure for the case of handover.
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 beneifts. 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. Considering the various options available for the contention-free RACH, the measurement procedure for connected mode is still not decided and hence the exact RACH procedure for the connected mode can be further studied.
Observation 5: the clear benefits of beam refinement during RACH procedures have not been seen.
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) Other choices not precluded.
Proposal 6: The TA values for beams other than the beam on which RACH was performed, can be chosen from one among the options above.

Conclusion
In this contribution, considerations on NR 4-step RACH are presented. In particular, the following are proposed:
Proposal 1: Option 3 should be supported at least for random access in contention free scenario.
Proposal 2: 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 3: Both UE common and UE (group) specific timing configuration could be supported.
Proposal 4: Dedicated resource for fast access can be configured as supplement of existing PRACH resources.
Proposal 5: Support CSI-RS based PRACH procedure for the case of handover.
Proposal 6: The TA values for beams other than the beam on which RACH was performed, can be chosen from one among the options above.
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