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Introduction
From RAN1#86bis and #87 meeting [1][2], the following agreements related to RACH procedure are draw:
Agreements:
· When Tx/Rx reciprocity is available at gNB at least for multiple beams operation, the following RACH procedure is considered for at least UE in idle mode
· Association between one or  multiple  occasions for DL broadcast channel/signal and  a subset of RACH resources is informed to UE by broadcast system information or known to UE
· FFS: Signaling of “non-association”
· Detailed design for RACH preamble should be further studied
· Based on the DL measurement and the corresponding association, UE selects the subset of RACH resources
· FFS: Tx beam selection for RACH preamble transmission
· At gNB, the DL Tx beam for the UE can be obtained based on the detected RACH preamble and would be also applied to Message 2
· UL grant in message 2 may indicate the transmission timing of message 3
· For the cases with and without Tx/Rx reciprocity, the common random access procedure should be strived
Agreements:
· RACH resource:
· A time-frequency resource to send RACH preamble
· Whether UE needs to transmit one or multiple/repeated preamble within a subset of RACH resoueces can be informed by broadcast system information
· For example, to cover gNB RX beam sweeping in case of NO Tx/Rx reciprocity at the gNB
Agreements:
· NR supports multiple RACH preamble formats, including at least
· RACH preamble format with longer preamble length 
· RACH preamble format with shorter preamble length
· FFS how many signatures (e.g. number of RACH sequences, payload size, etc.)
· Multiple/repeated RACH preambles in a RACH resource is supported
· FFS: How to support single-beam and/or multi-beam operation
· FFS: Preamble could be the same or different
· Numerology for RACH preamble can be different depending on frequency ranges
· FFS: How many numerologies will be supported per frequency range
· Numerology for RACH preamble can be different or the same from that for the other UL data/control channels
Agreements:
· UE Tx beam(s) for preamble transmission(s) is selected by the UE.
· During a RACH transmission occasion of single or multiple/repeated preamble(s) as informed by broadcast system information, UE uses the same UE Tx beam.
Agreements:
· NR supports random access procedure for CONNECTED mode Ues.

This contribution considers aspects of NR 4-step random access procedure for multi-beam operations.
Discussions
Multi-beam RACH procedure design
Due to the uncertainty of whether beam correspondence is hold or not at gNB side and UE side, the random access procedure for multi-beam operation should consider following cases:
Case 1: with beam correspondence at gNB, with beam correspondence at UE
In this case, the gNB could associate one RACH resource with one DL broadcast channel/signal, as shown in Fig. 2.1-1 and different DL broadcast channels/signals are transmitted via different DL Tx beam. Meanwhile, the gNB could inform the UE to transmit one preamble for each Msg. 1 transmission as UL Rx beam sweeping is not needed at gNB side. Based on the DL reception/measurement and corresponding association, following information that UE could achieve: 
· the optimal DL Tx and Rx beam; 
· the RACH resource to send Msg. 1; 
· the optimal UL Tx beam for Msg. 1 transmission.
Through the resource of detected Msg. 1, the gNB will be able to determine the optimal DL Tx beam to the corresponding UE for the Msg. 2 transmission.


Fig. 2.1-1 Multi-beam RACH configuration for case 1
Case 2: with beam correspondence at gNB, without beam correspondence at UE
In this case, the gNB could associate a subset of RACH resources with one DL broadcast channel/signal, as shown in Fig. 2.1-2 and different DL broadcast channels/signals can convey the different DL Tx beams. Because beam correspondence is hold at gNB, then gNB could determine the UL Rx beam for the RACH resources associated with corresponding DL Tx beam. Meanwhile, due to the same reason in case 1, the gNB informs the UE to transmit one preamble in each RACH resource. Based on the DL reception/measurement and corresponding association, following information that UE could achieve: 
· the optimal DL Tx beam and Rx beam; 
· the RACH resource(s) to send Msg. 1; 
Note that UE could not determine the optimal UL Tx beam for Msg. 1 transmission due to lack of beam correspondence. Since multiple RACH resources are available, UE could try different UL Tx beams. On the other hand, gNB will try to detect the Msg. 1 by utilizing the optimal UL Rx beam related to these RACH resources. Through the resource of detected preamble, the gNB will be able to determine the optimal DL Tx beam to the corresponding UE. Moreover, the gNB will know the optimal UL Tx beam of that UE and such information could be used to assist UE to determine the Tx beam for Msg. 3 transmission.


Fig. 2.1-2 Multi-beam RACH configuration for case 2
Case 3: without beam correspondence at gNB, with beam correspondence at UE
In this case, the gNB could still associate one RACH resource with one DL broadcast channel/signal as shown in Fig. 2.1-3. However, the gNB needs to inform the UE to transmit multiple/repeated preambles for each RACH resource as UL Rx beam sweeping is needed at gNB side. According to the agreement, UE should use the same UL Tx beam to transmit the multiple/repeated preambles. Based on the DL reception/measurement and corresponding association, following information that UE could achieve: 
· the optimal DL Tx beam and Rx beam;
· how many preambles should be included in one Msg. 1;
· the RACH resource to send Msg. 1; 
· the optimal UL Tx beam for Msg. 1 transmission.
In order to find the optimal UL Rx beam, gNB will try Rx beam sweeping among the multiple/repeated preambles. Through the resource of detected Msg. 1, the gNB will be able to determine the optimal DL Tx beam and optimal UL Rx beam to the corresponding UE.


Fig. 2.1-3 Multi-beam RACH configuration for case 3
Case 4: without beam correspondence at gNB, without beam correspondence at UE
In this case, neither gNB nor UE has the beam correspondence. The gNB associates a subset of RACH resources with one DL broadcast channel/signal, as shown in Fig. 2.1-4. Because beam correspondence is not hold at gNB, Rx beam sweeping is needed for each RACH resource to determine the optimal UL Rx beam. Meanwhile, the gNB needs to inform the UE to include multiple/repeated preambles in every RACH resource. Based on the DL reception/measurement and corresponding association, following information that UE could achieve: 
· the optimal DL Tx beam and Rx beam; 
· the RACH resource(s) to send Msg. 1; 
Note that UE could not determine the optimal UL Tx beam for Msg. 1 transmission due to lack of beam correspondence. Since multiple RACH transmission occasions are available, UE could try different UL Tx beams within different RACH resources. On the other hand, gNB will try to detect the Msg. 1 by utilizing the optimal UL Rx beam related to these RACH resources. Through the resource of detected preamble, the gNB will be able to determine the optimal DL Tx beam and UL Rx beam to the corresponding UE. Meanwhile, the gNB could also obtain the optimal UL Tx for that UE which can be used to assist UE to determine the UL Tx beam for Msg. 3 transmission.


Fig. 2.1-4 Multi-beam RACH configuration for case 4
With the analysis of RACH configuration for each case, it’s clear to see that the design of RACH procedure for each case has more or less some difference. However, in the practical scenarios, 
· gNB has no information about UE’s beam correspondence. 
· UEs with and without beam correspondence both exist.
The design of random access procedure targets to allow all UE access the network with fairness. Thus, though striving for commonalities, the RACH procedure design for multi-beam operation should not significantly sacrifice any one of above cases.
Proposal 1: When striving for commonalities, the RACH procedure design should not significantly sacrifice any one of above cases.
According to the above discussion, it can be seen the main differences in RACH procedure design in those four different cases are:
1) Different preamble transmission mechanisms: the UE should transmit one or multiple/repeated preambles in one RACH resource.
2) Mapping between DL signal and RACH resource: one DL broadcast channel/signal is associated with one RACH resource or more than one RACH resources.
The first difference is mainly dependent on whether the gNB has beam correspondence or not, so the configuration design should be straightforward. If the gNB needs to Rx beam sweeping and/or coverage enhancement, just inform all UE to transmit multiple/repeated preambles in one RACH resource. Otherwise, one preamble per RACH resource is enough.
The second difference is more dependent on the UE’s capability of beam correspondence. If UE holds beam correspondence, then changing beam direction before RAR is not needed as UE is able to determine the best UL Tx beam to send Msg. 1. On the other hand, it’s better to let the UE without beam correspondence try different Tx beam before RAR. Then the question becomes whether to configure one or multiple RACH resources as following two options:
· Option 1: single Tx beam before RAR window (case 1, case 3)
· Option 2: multiple Tx beams before RAR window (case 2, case 4)
Clearly, option 1 is good to those UE holding beam correspondence, because they could determine the optimal UL Tx beam for the Msg. 1 transmission according to the best DL Rx beam. However, to the UEs without beam correspondence, this option will cause more latency cost because it’s more like a gambling game for them to choose a UL Tx beam and they can only try a different beam after the RAR detection window. Option 2 is more preferable to UEs without beam correspondence, as multiple RACH resources are available to send Msg. 1 with different UL Tx beams and such configuration will give them better chance to access the network in one RAR detection window. To the UEs with beam correspondence, option 2 may not decrease their possibility to access the network but multiple RACH resources configuration especially in time domain will cause access delay. Apparently, neither option solely can treat all UEs nicely without jeopardizing the some other UEs’ performance. Thus, it is important to support both options via gNB configuration, e.g., gNB may configure separate resources to serve UEs with and without beam correspondence. 
Proposal 2: NR RACH procedure design supports both UE with and without correspondence. NR RACH procedure design supports configurable number of RACH occasions before a RAR window.
	After gNB successfully detects the Msg. 1 transmission, the RAR information is sent back to the corresponding UE. The similar scheduling method as in LTE could be adopted, e.g., a DCI scrambled by RA-RNTI indicates the scheduling information of a PDSCH where a group of UE's RARs addressed to the preambles detected on the PRACH corresponding to that RA-RNTI are assembled. 
Proposal 3: NR supports DCI based scheduling for RAR.
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. 2.1-5. In this case, both the preambles are detected. However, the gNB has no idea whether these two preambles are from one UE or from two different UEs. One option is that the gNB just sends one RAR, thus another UE will fail. Another option is that the gNB will 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. If UE has to detect all the possible RARs in the reception window, on one hand, it will increase power consumption for detection and will need to perform the multiple Msg. 3 transmission. On the other hand, it may also have the possibility to reduce the access latency by reducing the RACH re-transmission attempts, e.g., Msg. 3 from both UEs can be successfully decoded. However, the pros and cons of allowing multiple RARs should be further and comprehensively investigated. 
Proposal 4: the pros and cons of allowing multiple RAR reception within the configured RAR window should be further investigated.


Fig. 2.1-5 preamble collision within same RACH resource with different Tx beam. 
Once UE detects the RAR and reads the TA value and the scheduling of Msg. 3 transmission, UE needs to determine the UL Tx beam for the Msg. 3 transmission. Generally, UE could have two options:
· Option 1: reuse the Tx beam utilized for Msg. 1 transmission;
· Option 2: use the (implicit or explicit) indication from RAR, adjustment is allowed.
Option 1 is more suitable to configuration that only one Tx beam used before RAR, because in this case, as long as the UE received the RAR it can determine that which UL Tx beam is valid and could use it for the Msg. 3 transmission. On the other hand, if multiple UL Tx beams are utilized before RAR, then option 2 might be preferable. For example, even a UE used 2 different UL Tx beam to transmit the Msg. 1 but only one preamble (one Tx beam) is detected. Thus, via the RA-RNTI calculated based on the resource of the detected preamble, gNB “implicitly” indicates the UE which Tx beam to be used in the Msg. 3 transmission. In some other cases, if the Beam ID information of UE could be pre-defined and known/notified to gNB, gNB could explicitly tell the UE which UL Tx beam should be used by including the beam ID information in the RAR. With the knowledge of other DL reception and measurements, a UE could also make adjustment based on the indication of gNB.
	Regarding the Msg. 4, similar to the LTE 4-step RACH, the contention should be resolved and only one Msg. 4 is sent. Moreover, the accessed UE shall have the confirmed UE ID and beam information to carry on the further transmission. 
Configuration of RACH resource association
For the case of TRP with beam correspondence, the gNB can configure an association between some downlink signal transmission (in a SS burst set) and the some subsets of RACH resource based on the mapping between Tx beams and Rx beams. Assume N subsets of RACH resources are configured in one RACH occasion for the UE to transmit RACH preamble. The association between downlink signal transmission and N subsets of RACH resources can be configured through the following alternatives:
1) The association between SS block indices for transmitting PSS/SSS/PBCH and the RACH resources. Every SS block for PSS/SSS/PBCH can be associated with one or more than one RACH resources. Or multiple SS blocks for PSS/SSS/PBCH can be associated with the same RACH resource(s). The UE can select the RACH resource that is associated with an SS block where the UE measures the strongest signal strength of PSS/SSS/PBCH.
2) The association between the BRS (MRS-1) resources and the RACH resources. Each RACH resource is associated with one or more than one BRS beam IDs. The UE first measures the beam-specific RSRP on BRS and then selects the RACH resource corresponding to the beam ID with largest beam-specific RSRP.
Compared with PSS/SSS/PBCH, the BRS is more preferred to be used in the association with RACH resources because the BRS can provide more accurate RSRP measurement than PSS/SSS/PBCH. Furthermore, the BRS is able to convey narrow beams and thus allow the TRP to build a more precise correspondence between Tx beam and Rx beams.  
Proposal 5: NR considers the following association methods between downlink signal and RACH resources:
· The association between SS block indices of PSS/SSS/PBCH and RACH resources;
· The association between BRS beam IDs and RACH resources.
It is preferred to use the BRS in the association with RACH resources.
The configuration for RACH transmission can be conveyed to all UEs in one cell through broadcast channel, such as MIB or SIB. In contrast with LTE, RACH configuration should include the information related to association between DL BRS and RACH resource for multi-beam operation. There are two alternatives to associate a subset of RACH resource with DL SS/BCH/BRS.
1) Alt 1: The association method between a subset of RACH resources and DL SS/BCH/BRS can be predefined in the specification
2) Alt 2: The association method between a subset of RACH resources and DL SS/BCH/BRS can be indicated to UE by broadcast system information to allow flexibility in each cell. 
· (a) One SS/BCH/BRS is mapped to one RACH resource.
· (b) Multiple SS/BCH/BRS (s) are mapped to one RACH resource
· (c) One SS/BCH/BRS is mapped to multiple RACH resources
For Alt. 1, pre-defined equation/function or some configurations for association between a subset of RACH resources and DL BRS can be considered. This alternative helps to reduce additional signalling to indicate the association between a subset of RACH resources and DL SS/BCH/BRS. UE can combine multiple broadcast channel(s) across DL SS/BCH/BRS occasions to improve reliability since multiple broadcast channel(s) have same information. However, this alternative can introduce that some subsets of RACH resources can be left over when the number of DL SS/BCH/BRS is different from the number of subsets of RACH resources. For example, assuming that the number of DL SS/BCH/BRS in downlink is 7 and the number of subsets of RACH resource is 10, 3 subsets of RACH resources would be left over. It can cause inefficient RACH resource allocation. Thus, for Alt. 1, various configurations for association between a subset of RACH resources and DL SS/BCH/BRS should be supported.
For Alt. 2, the information related to the association between a subset of RACH resource and DL SS/BCH/BRS can be conveyed to all UEs in cell throughout message via broadcast channel. 


Figure 2-2.1 Relationship between a subset of RACH resource and DL SS/BCH/BRS
In this approach, more flexible association between a subset of RACH resource and DL SS/BCH/BRS depending on deployment setting can be supported. Figure 2-2.1 shows an example on relationship between a subset of RACH resource and DL SS/BCH/BRS. Here, depending on the deployment settings, the beams used by the TRP and/or gNB may vary depending on the number of users in the vicinity. Some beams may have to support a lot of users (e.g. (c)) while the other beams may need none(e.g. (b)). This depends on the azimuth, elevation angles for each beams, the location of the TRP/gNB and the various users (and of course their beam directions). Thus, mapping between beam that DL SS/BCH/BRS is transmitted and a subset of RACH resource may not be uniform and have to change to account for load balancing purposes. So a functional mapping may have to be conveyed to the UE that can define this one-to-many mapping for the RACH resources instead of the one-to-one mapping that may have been used earlier. This function depends on the accuracy and granularity that may be sought for load balancing. In summary, a function for association between a subset of RACH resource and DL SS/BCH/BRS should be further studied. Another question to be answered is whether such a configuration/mapping is changing in a static/ semi-static/ dynamic manner? Depending on the network setting, deployments etc, this configuration can be changed accordingly and signalled to the users. As an example, the systemInfoModification field can be used to indicate the UEs about such a change and they can use the updated information for the next RACH trials. However, further investigation into this design is necessary. 
Proposal 6: NR supports more than one association methods between a subset of RACH resources and DL SS/BCH/BRS
On RACH re-attempt
In LTE and associated releases, the first random access preamble is sent at a power level evaluated based on open loop power control. When Msg2 is not received, the UE uses a fixed step size power ramp (indicated in the SIB) and sends the preamble again at a higher power level (previous power level+step size). This procedure is repeated until Msg2 is received or RA preamble is sent at the maximum power level until a certain number of re-transmission attempts. This procedure is expected to be used for RA even in sub-6GHz NR systems.
Observation 2: Power ramping will continue to be used for successful RA procedures in sub-6GHz NR systems.
In NR above 6GHz systems, as it is clear by now, beamforming is necessary to perform RA procedures. The beam that is used for sending Msg1 was discussed earlier in Section 1. Below, the question to be addressed is – “What should the UE do when the Msg2 is not received within the RAR window?”
    Even if TRP/gNB has beam correspondence, it does not know the best beam for the UE before the Msg1 is sent. So it will have to listen on different TRP Rx beams during the RACH procedures. But the decision to be taken is when the TRP Rx beams should be changed? Should the UE fix one Tx beam and TRP listens for Msg1 on all Rx beams or vice versa? Since TRP knows its number of beams (and is not aware of the number of beams at each UE), it seems logical that TRP fixes the number of RACH resources, and informs via SI to the UE about the number of these resources. Therefore, TRP changing it beams is preferred during the Msg1 transmission phase.
As described in previous sections, the RACH resources are mapped to the TRP/gNB DL Tx beams. And each of the RACH procedure shown in Figs 2.1-1~4 show that UE can choose the RACH resources depending on the DL measurement and then transmit Msg1 on the corresponding RACH resource. Therefore, RACH resource switching/selection is already included in this RACH procedure. 
Observation 3: RACH resource selection/switching is already included as part of the RACH procedure wherein a UE chooses the RACH resource associated with the TRP DL Tx beam (based on the mapping indicated). 

The left over options for msg1 retransmission are power ramping and UE Tx beam switching which are discussed below –
1) When beam correspondence holds at both nodes, UE may only send one preamble as discussed in earlier sections. UE also knows that it has beam correspondence. Then UE could only use power ramping since it needs to only send Msg1 on the best beam pair. 

2) When beam correspondence does not hold at any single node, the first question to answer is when is the RAR received? After 1st RAR window, then UE must make a decision to switch its beams or ramp its power.
a) Consider the case where UE fixes its beam for a given time duration after which the RAR window is configured. Then after RAR window what should UE choose - UE beam switching or power ramping. If beam correspondence holds at UE side, then UE can decide to do power ramping preferably. Else UE can choose to perform beam switching or power ramping on the same beam. Since the reason for not receiving Msg2 could be bad channel conditions, or high network load which causes Msg1 collision or bad beam selection, each of these options can be studied further. 
b) However, if before a RAR window, if UE sweeps its beams, then beam switching is already included in the RA design. After this RAR window, UE will do power ramping for msg1 re-tx.
Based on the above options and discussions, it is clear that the UE can choose to do power ramping or beam switching depending on various factors. However, as done in LTE, the power ramping steps and max retransmission limit will have to be defined in the case of NR above-6GHz systems as well. 

Proposal 7: Power ramping should be supported in the specification for NR RA.
[bookmark: OLE_LINK15][bookmark: OLE_LINK16]When power ramping is chosen, then next time when UE has to switch beams for msg1 retransmission it can use following options for power ramp-up:
  Option 1: Due to UE beam switching, the counter of ramp-up is re-set to the original state.
Option 2: Due to UE beam switching, the counter of ramp-up remains unchanged.
Option 3: Due to UE beam switching, the counter of ram-up keeps increasing.
Some examples regarding these options are shown in the table below. Each box corresponds one attempt of msg1 and the box colored in green indicates the msg1 re-transmission after UE beam switching. In the table,  represents the original power used for the transmission of msg1 and  indicates the power-ramping step size. These options should be further considered for the NR msg1 re-transmissions.
Examples of msg1 re-transmissions
	Option 1
	(Beam A)
	(Beam A)
	(Beam A)
	(Beam B)
	(Beam B)
	(Beam B)

	Option 2
	(Beam A)
	(Beam A)
	(Beam A)
	(Beam B)
	(Beam B)
	(Beam B)

	Option 3
	(Beam A)
	(Beam A)
	(Beam A)
	(Beam B)
	(Beam B)
	(Beam B)


Time of RA Procedure


Proposal 8: The power ramp-up options when UE switches beams should be further studied for the msg1 re-transmissions in NR systems.
Other Aspects
According to previous study, the best beam pair remains the same for about 40ms when the UE is moving at pedestrian speeds (for some certain channel models). This time period over which the best beam pair may remain constant is dependent on the scenarios under study. This time limit can be defined as the beam coherence time. Since coherence time is per UE (and its interaction with TRP/gNB) and changes per scenarios, it is not possible for the gNB or UE to be aware of this value before the first successful RACH procedure. Hence, at least for the first RACH this may not be used for indicating the UE when to power ramp or when to switch beams and the re-transmission mechanisms can be left for UE implementation. However, in the cases of connected mode RACH procedures, additional signaling may be introduced between the gNB and UE in order to enhance the RACH procedures and fasten the timeline for the RA mechanism. 
UE Implementation Aspects:  Depending on beam coherence time (which can be exchanged between UE and gNB/TRP), UE can choose power ramping or beam switching. Within the coherence time duration, the UE can ramp its power for msg1 retransmission. Beyond this time, the UE can switch its Tx beams for msg1 re transmission. 
NW Implementation/ Spec Impact: In order to avoid interference and fairness considerations, it may also be considered that the NW may indicate the UE a priori when power ramping may be allowed depending on coherence times. Therefore, for no correspondence cases, when the time for power ramping has not yet come, then UE will switch beam. This may improve co-existence scenarios. 
Observation 4: Additional parameters may be configured for UE Tx resource switching, e.g., for network load balancing and for improving the RACH procedures considering beam coherence time in connected mode.

Further considerations on random access for RRC-connected UEs
RAN1 has agreed that the NR should support RA procedure for both RRC_IDLE UEs and RRC_CONNECTED UEs. Also both contention-based and contention-free RA procedure should be supported. Similar to LTE, 
For the RRC_CONNECTED synchronized UEs, the 4-step contention-based RACH procedure is used in the same way as that of non-synchronized UEs. In LTE, the PRACH formats with long CP and symbol length as well as large overhead of guard band and guard time are both used for the non-synchronized UEs and the synchronized UEs.  
However, there may be a large number of UEs or devices (e.g., in machine-type communication, MTC) in NR dense scenarios, who are RRC_CONNECTED to the network, but the limited uplink PUCCH resources are not enough for sending request of uplink data transmission. Besides, there will be additional request of beam refinement or beam management. Therefore, it is more demanding for the NR UEs to improve the efficiency of contention-based RACH procedure. We may start from the following aspects 
· PRACH formats with less overhead for synchronized UEs
· Shorter CP length 
· Shorter symbol duration
· Less or no guardband
· PRACH resources consisting of multiple segments/symbols/codes
· Allow the UEs to choose partial resources, e.g., one or combinations of a segment/symbol/code to reduce the collision probability
[bookmark: _GoBack]Proposal 9: Further study on how to improve the efficiency of the contention-based RACH procedure for RRC_CONNECTED synchronized UEs is needed. 
Contention-free RACH procedures are used in the case of handovers. In this case, the RACH procedure depends on the following factors -
a) UE mechanism used to perform measurements of neighboring cell i.e., single beam or multiple beams
b) Wide beam or narrow beam based measurements of the neighbor cell
c) Whether or not UE and target gNB has beam correspondence (the source gNB already knows about UE’s capability and hence needs to inform to the target gNB for improved RA procedures).
Depending on the factors above, the RACH procedure configurations can be changed to ensure a successful handover. While the baseline mechanism for performing RACH remains same as discussed in earlier sections, the number of RACH resources to be configured depends on the factors above. RAN1 is requested to consider all the above factors and the discussions regarding the neighbor cell measurements in RAN2 and mobility procedures in RAN1 before finalizing the RA procedure in such cases. 
Proposal 10: RAN1 is requested to consider the above factors and the discussions regarding mobility procedures in RAN1 and the neighbor cell measurements techniques in RAN2 before finalizing the RA procedure in such cases.
RAN1 agreed to study the UL beam management procedures, e.g., U-1, U-2, and U-3. Contention-free RACH procedures can be considered for UL beam measurement and it can be used in all three procedures:
· In U-1 procedure: MGS1 transmission can be used for beam measurement for the case that both UE and TRP have no beam correspondence. UE transmits multiple/repeated RACH preamble with dedicated ID with a fixed Tx beam and TRP sweeps its Rx beams across those RACH preamble transmissions. The UE can switch its Tx beam in next subframe on where multiple/repeated RACH preamble transmissions are configured. By this manner, TRP can select the best Tx/Rx beam pair for UL.
· In U-2 procedure: MSG1 transmission can be used for beam measurement in the case that TRP has no beam correspondence. UE transmits multiple/repeated RACH preamble with dedicated ID to cover Rx beams at TRP on Tx beam which is selected by DL SS/BCH/BRS measurement. TRP can select strong Rx beam. 
· In U-3 procedure: MSG1 transmissions can be used for beam measurement in the case that UE has no beam correspondence. UE transmits RACH preamble on one RACH occasion with the fixed Tx beam and switch its Tx beam on another configured RACH occasion. TRP can select strong UE Tx beam. 
For initial RACH procedure, RACH transmission opportunities are configured by broad cast channel to all the UEs in a cell. However, in order to measure UL beam pair through RACH, UE-specific parameters should be supported, such as dedicated preamble ID, subframe that RACH preamble are transmitted, etc. It is necessary to study whether or not to support UL beam measurement via RACH.
Proposal 11: For UL beam measurement, contention-free RACH procedure can be considered.
Conclusion
In this contribution, considerations on NR 4-step RACH are presented. In particular, the following are proposed:
Proposal 1: When striving for commonalities, the RACH procedure design should not significantly sacrifice any one of above cases. 
Proposal 2: NR RACH procedure design supports both UE with and without correspondence. NR RACH procedure design supports configurable number of RACH occasions before a RAR window.
Proposal 3: NR supports DCI based scheduling for RAR.
Proposal 4: the pros and cons of allowing multiple RAR reception within the configured RAR window should be further investigated.
 
Proposal 5: NR considers the following association methods between downlink signal and RACH resources:
· The association between SS block indices of PSS/SSS/PBCH and RACH resources;
· The association between BRS beam IDs and RACH resources.
It is preferred to use the BRS in the association with RACH resources.
Proposal 6: NR supports more than one association methods between a subset of RACH resources and DL SS/BCH/BRS
Proposal 7: Power ramping should be supported in the specification for NR RA.
Proposal 8: The power ramp-up options when UE switches beams should be further studied for the msg1 re-transmissions in NR systems.
Proposal 9: Further study on how to improve the efficiency of the contention-based RACH procedure for RRC_CONNECTED synchronized UEs is needed. 
Proposal 10: RAN1 is requested to consider the above factors and the discussions regarding mobility procedures in RAN1 and the neighbor cell measurements techniques in RAN2 before finalizing the RA procedure in such cases.
Proposal 11: For UL beam measurement, contention-free RACH procedure can be considered.
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