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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
Agreements:
· Association between one or multiple occasions for SS block and a subset of RACH resources and/or subset of preamble indices is informed to UE by broadcast system information or known to UE or FFS dedicated signaling
· FFS gNB can configure an association between CSI-RS for L3 mobility and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam

Agreements:
· Update previous meeting as follows:
· For NR RACH Msg. 1 retransmission at least for multi-beam operation:
· NR supports power ramping. 
· If the UE conducts beam switching, working assumption that one of the alternatives below will be selected (configurability between multiple alternatives may be considered if clear benefit is shown): 
· Alt 1: the counter of power ramping is re-set.
· Alt 2: the counter of power ramping remains unchanged.
· Alt 3: the counter of power ramping keeps increasing. 
· Alt 4: as proposed on slide 4 and illustrated on slide 5 in R1-1706613
· Other alternatives or combinations of the above are not precluded.
· If UE doesn’t change beam, the counter of power ramping keeps increasing.
· Note: UE may derive the uplink transmit power using the most recent estimate of path loss.
· The detail of power ramping step size is FFS.
· Whether UE performs UL Beam switching during retransmissions is up to UE implementation
· Note: which beam UE switches to is up to UE implementation
Companies are encouraged to perform further analysis and evaluations. Revisit next meeting.
Conclusions:
· NR studies following beam management options for RACH procedure:
· Beam refinement procedure during Msg2
· Note: P-2/P-3 procedure can be considered for beam refinement
· Reporting of DL TX beam indices in Msg3
· Note: reported beams could be SS block indices and/or CSI-RS beam indices of P-2 procedure performed during Msg2
· RACH procedure using an association between CSI-RS for L3 mobility and subset of RACH resources and/or subset of RACH preamble indices
· Beam refinement procedure before Msg2 by utilizing CSI-RS for L3 mobility
· Beam refinement procedure during or after Msg4 by configuration in RACH message
· Reporting UE capability on beam correspondence by RACH procedure
· Other options are not precluded
· Above procedure can be turned on/off by system information
This contribution considers aspects of NR 4-step random access procedure for multi-beam operations, i.e., the numerology consideration, RACH resource consideration, contention free RACH and also the beam management related discussion. 
Discussions
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.
Proposal 1: Numerology for RACH Msg1 is indicated via RACH configuration sent over 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 PBCH 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 [5]. 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 [5]. 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 transmission. 
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 transmission.
Proposal 2: Numerology for RACH Msg2, Msg. 3 and Msg. 4 is the same numerology used for PBCH transmission. 
[bookmark: OLE_LINK1]RACH resource consideration
RACH configuration
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. Note that different SS blocks with different DL Tx beam could be associated with different RACH resources. The time/frequency information of the associated subset of RACH resources should be indicated in the remaining minimum SI of the corresponding SS block, through RACH configuration as well as the association. 
Several options can be considered for RACH configuration. Note that in here, the RACH resources that associated with SS blocks in one SS burst set is denoted as a RACH resource set.
Option 1: RACH configuration is common among SS blocks. Pre-defined or indicated association rule is used for determining the corresponding RACH resource. 
For this option, common information on RACH resources should be included in the RACH configuration. The RACH configuration index should indicate the information 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 the time/frequency information of RACH resources for all associated SS blocks and it should be included in the RACH configuration. 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.
Option 2: RACH configuration is common among SS blocks. Time/frequency indication is different among different SS blocks. 
For this option, the time/frequency indication is used to locate the RACH resources associated with specific SS block. To reduce the signaling overhead, the time/frequency indication can, for example, use the offset with respect to the RACH resource set and the time/frequency information of the RACH resource set should be included in the RACH configuration. As a result, for opt. 2, the contents of RACH configuration include preamble format, time/frequency information of RACH resource set, density and the available RACH resource set in frequency domain, and the time/frequency indication for the particular SS block is not included in the RACH configuration. 
Option 3: RACH configuration is different among SS blocks.
For this option, RACH configuration directly indicates the time/frequency location of the RACH resource associated with the particular SS block. The RACH configuration includes preamble format, time/frequency information of RACH resource associated with the specific SS block, density and available RACH resources in frequency domain. With this option, UE can directly locate the RACH resource associated with the specific SS block for preamble transmission. However, considering that the number of SS blocks in NR may be large, the potential RACH configuration index will also be large.
RACH resource association
An association between the SS blocks and the RACH resources and/or RACH preamble indices is agreed to be supported in NR either via broadcast signaling/ known to UE or dedicated signaling. Note that the number of SS blocks that supported for NR above 6GHz could be as large as 64. In order to cover 120 degrees azimuth and 30 degrees elevation scan ranges, a total of 64 beams are supported. It is shown in [7] that such a design is possible by using composite beams from the multiple TXRUs within a TRP (which may also lead to beam pattern distortions). This indicates that the best SS block index will only convey an association between a wide SS block-associated beam and the RACH resources/indices. 
Such an association i.e., based on wide beams, may not be useful for achieving higher data rates and for fine beam management in the connected mode. Typically such an association will have to be followed up with P1/P2 procedures for the UE in connected mode to determine the best beam for data transfer purposes. In order to avoid such delayed procedures, it can be beneficial to rely on cell-specific/non-UE specific RS for forming an association with the RACH resources/ preamble indices. If cell-specific/non-UE specific RS is used as the RS, multiple TXRUs in a TRP can have separate resources in frequency/code/sequence domain for the transmission of the cell-specific/non-UE specific RS. In this case, UE can receive the cell-specific/non-UE specific RS without any distortion in beam patterns and can establish a high data throughput link with the target gNB soon after the RACH procedure. Specifically, the following procedure can be followed – configurability between SS-block and CSI-RS based association for RACH can be allowed. If CSI-RS config info is included in SIB, UE assumes CSI-RS based RACH resource config, otherwise it is SS based by default. 
Similarly in the contention-free RACH procedure, the UE can be indicated whether to use SS-based RACH resources or the CSI-RS based RACH resources. At the expense of complexity but at the gain of higher data rates (otherwise loss of data rate due to handover) post RACH procedure, the contention-free RACH procedure can also explore the configuration of UE specific CSI-RS and performing RACH based on this association. 
Furthermore, considering 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, the multiple Msg1 transmissions should be allowed to the UE at least for contention free handover [6].  
Proposal 3: In NR, configurability between SS-block and CSI-RS based association of RACH resources RACH should be allowed. 
Proposal 4: The multiple Msg1 transmissions should be allowed for a UE at least for contention free RA. 
Power ramping behavior for NR RACH re-attempt 
In multi-beam RACH procedure, when one UE intends to do RACH re-attempt (a.k.a. Msg. 1 re-transmission in previous discussion), four alternatives of power ramping counter behavior when UE decides to change the beam are:
Alt 1: the counter of power ramping is re-set.
Alt 2: the counter of power ramping remains unchanged.
Alt 3: the counter of power ramping keeps increasing.
Alt 4: as proposed on slide 4 and illustrated on slide 5 in R1-1706613
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Time of RA Procedure


For Alt. 1 and Alt.4, they both intend to access the UE with less power consumption for each RACH attempt. However, Alt. 1 requires the power to be reset every time UE switches its beam, which causes problem when UE switches back the previous beam which has been used before. On the other alt. 4 may looks more sophisticated but it requires to maintain power ramping counter for every UL Tx beam that UE has, where the per-beam counter complicates the RACH procedure. Alt-3 is an aggressive solution wherein a UE can access the network faster and hence reduce the access latency. But the interference that is caused by alt. 3 might be trivially higher than the rest alternatives. Note that the alt.3 could allow UEs access the network sooner which indicates that alt.3 could keep less “interferers” in the PRACHs, so that interference level of other alternatives cannot be justified to be lower than that of alt.3 which some further study may be needed. Nonetheless, when a UE has several beams, the UE might be soon reaching the maximal power and consuming more power when it continuously increases power for every beam switch. Hence the Alt-2 looks like a balanced choice among complexity, access delay and power consumption.
Proposal 5: Choose Alt-2 when UE switches its UL Tx beam during RACH re-attempt.
Note that the UE could operate a new DL measurement during the RACH procedure, so the information like path loss could be updated. For example, previous transmit power is  and the UE conducts a new DL measurement, the calculated transmit power become, the includes the latest DL measurement and one more  is due to the RACH re-attempt.
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. 1, 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. 1 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.
Dedicated resource configuration for contention free RACH procedure
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, for the purpose of fast handover, PRACH configured for typical contention based random access may not be efficient enough. To satisfy the delay requirement, besides the normal PRACH configuration, one potential solution is to allocate dedicated resource for fast access. This dedicated resource is used to transmit preamble (Msg 1) and both types of resources, i.e. PRACH and dedicated resource, are allocated to UE, to provide more chances to access. 
For example, if dedicated resource with no periodicity is allocated to UE along with PRACH configuration, UE will use the dedicated resource to transmit preamble. If fails, UE will use the configured typical PRACH to perform random access re-attempt in a non-contention based manner. On the other hand, if dedicated resources with periodicity are allocated to UE along with PRACH configuration, UE can use resource (among PRACH and dedicated resource) with smallest delay to transmit preamble. The re-attempt is also performed on the resource with smallest delay, if the previous attempt fails. Even though the dedicated resource seems more resource consumptive, the delay is much smaller since more chances are available for preamble transmission.
Proposal 6: Dedicated resource for fast contention free random access can be configured as supplement of existing PRACH resources.
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.
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 7: The TA values for beams other than the beam on which RACH was performed, can be chosen from one among the options above.

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. 
Observation 1: the clear benefits of beam refinement during RACH procedures have not been seen.
Proposal 8: NR should not support beam refinement/management during initial access RACH procedure.
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 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) [bookmark: _GoBack]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.
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 . 
Reporting UE capability on beam correspondence 
As the common understanding that the Tx/Rx beam correspondence is one kind of UE capability and both UE with and without beam correspondence are exist in practical scenario, it will be helpful for the gNB have such information to prepare for the operations like e.g., separate mechanisms/configurations for two different types of UEs in beam management related process. The reporting of such capability could happen by using random access procedure, e.g., in the Msg. 1 transmission or Msg. 3 transmission. 
For the method of using Msg. 1 transmission to indicate the UE capability, the gNB could let the UEs report their capabilities implicitly by configuring separate resources for UE with/without beam correspondence. This method might require gNB to configure more resource for random access, in which the resource could be:
· Alt 1: RACH resource, as one example illustrated in Fig. 2;


Fig. 2 separate RACH resources for UE with/without Tx/Rx beam correspondence
· Alt 2: preamble sequences, as one example illustrated in Fig. 3, M and P are the numbers of preambles assigned to the UE w/o Tx/Rx beam correspondence, and N is the number of overall available preambles. Note that M might be not equal to P;


Fig. 3 separate RACH preamble (groups) for UE with/without Tx/Rx beam correspondence
By using Alt 1, the RACH resources for UE with/without Tx/Rx beam correspondence should be distinguished. Additional system information might be needed to inform the UE which RACH resource(s) is for UE with/without Tx/Rx beam correspondence. This option will require gNB to hold sufficient RACH resources and by the detection results in different RACH resources, gNB will obtain the information of whether the UE has Tx/Rx beam correspondence or not. If the RACH resource is limited, gNB could also separate the UEs by dividing the preamble into groups as shown in Alt 2. The gNB could also distinguish the type of UE by the detected preamble. The partition could be based on the cover codes, e.g., the preambles multiplexing with different orthogonal cover codes, or just independent RACH sequences.
For the method of indication by Msg. 3 transmission, it would be simple to just add one bit signaling in the content of Msg. 3, e.g., 0 denotes UE has no beam correspondence and 1 denotes UE has beam correspondence. One possible configuration for Msg. 1 transmission is that, UEs with and without beam correspondence are sharing the resources for random access. UE without beam correspondence could transmit Msg. 1 with multiple Tx beams while the UE with beam correspondence could just transmit with the determined UL Tx beam. By this setting, the UE capability on beam correspondence could be transparent to gNB during Msg. 1 transmission. Above all, it can be shown that the reporting UE capability by RACH procedure is feasible.
Proposal 9: NR supports reporting UE capability on beam correspondence in RACH procedure.
Conclusion
In this contribution, considerations on NR 4-step RACH are presented. In particular, the following observation and proposal are presented:
Observation 1: the clear benefits of beam refinement during RACH procedures have not been seen.
Proposal 1: Numerology for RACH Msg1 is indicated via RACH configuration sent over RMSI.
Proposal 2: Numerology for RACH Msg2, Msg. 3 and Msg. 4 is the same numerology used for PBCH transmission.
Proposal 3: In NR, configurability between SS-block and CSI-RS based association of RACH resources RACH should be allowed. 
Proposal 4: The multiple Msg1 transmissions should be allowed for a UE at least for contention free RA. 
Proposal 5: Choose Alt-2 when UE switches its UL Tx beam during RACH re-attempt.
Proposal 6: Dedicated resource for fast contention free random access can be configured as supplement of existing PRACH resources.
Proposal 7: The TA values for beams other than the beam on which RACH was performed, can be chosen from one among the options above.
Proposal 8: NR should not support beam refinement/management during initial access RACH procedure.
Proposal 9: NR supports reporting UE capability on beam correspondence in RACH procedure.
References
Chairman’s Note of 3GPP TSG RAN WG1 #88bis meeting, 2017 Jan.
R1-1700891, “NR 4-step random access procedure”, 3GPP TSG RAN WG1 Adhoc meeting, Samsung, 2017 Jan.
R1-1702909, “4-step random access procedure”, 3GPP TSG RAN WG1 #88 meeting, Samsung, 2017 Feb.
3GPP TS36.321, “Evolved Universal Terrestrial Radio Access (E-UTRA); Medium Access Control (MAC) protocol specification” 
R1-1708021, “UL Resource Allocation Aspects”, Samsung, RAN1 #89, May 2017.
R1-1707937, “Considerations on contention-free random access”, Samsung. RAN1 #89, May 2017
R1-1705329, “Composite Beam Transmission for SS blocks”, Samsung, RAN1 #88b, April 2017
oleObject1.bin
gNB 


UE 1 Tx beam


UE 2 Tx beam


Detected!


Detected!


UE 3 Tx beam


UE 4 Tx beam


Detected!


Detected!


Rx beam 1


Rx beam 2


Rx beam 3


UE1


UE2


UE3


UE4


t


f



image2.emf
RACH Resource for UE with 

Tx/Rx beam 

correspondence

RACH Resource for UE with 

Tx/Rx beam 

correspondence

RACH Resource for UE without 

Tx/Rx beam correspondence

RACH occasion 1 RACH occasion 1

1 2

RACH occasion 1

DL 

Channel RACH Resource for UE without 

Tx/Rx beam correspondence

RACH occasion 2 RACH occasion 2 RACH occasion 2


oleObject2.bin
RACH occasion 1


RACH occasion 1


1


2


RACH occasion 1


DL Channel


RACH Resource for UE without Tx/Rx beam correspondence


RACH Resource for UE without Tx/Rx beam correspondence


RACH occasion 2


RACH occasion 2


RACH occasion 2


RACH Resource for UE with Tx/Rx beam correspondence


RACH Resource for UE with Tx/Rx beam correspondence



image3.emf
Preamble for UE with Tx/Rx 

beam correspondence

1

Preamble for UE without Tx/Rx 

beam correspondence

2 3 4 5 6 ... P

P

+

1

P

+

2

... N

Preamble for UE with Tx/Rx 

beam correspondence

RACH occasion 1

1

1 2

RACH occasion 1

DL 

Channel

Preamble for UE without Tx/Rx 

beam correspondence

RACH occasion 2 RACH occasion 2

2 3 4 5 6 ... M

M

+

1

M

+

2

... N


oleObject3.bin
Preamble for UE with Tx/Rx beam correspondence


RACH occasion 1


1


1


2


RACH occasion 1


DL Channel


Preamble for UE without Tx/Rx beam correspondence


2


RACH occasion 2


RACH occasion 2


3


4


5


6


...


M


M
+
1


M
+
2


...


N


Preamble for UE with Tx/Rx beam correspondence


1


Preamble for UE without Tx/Rx beam correspondence


2


3


4


5


6


...


P


P
+
1


P
+
2


...


N



image1.emf
gNB 

UE 1 Tx beam

UE 2 Tx beam

Detected!

Detected!

UE 3 Tx beam

UE 4 Tx beam

Detected!

Detected!

Rx beam 1 Rx beam 2 Rx beam 3

UE1 UE2

UE3 UE4

t

f


