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Introduction
In this contribution we discuss the 4-step random access procedure in NR.
It has been agreed that at least IDLE mode RS in SS blocks can be associated with subsets of RACH resources and subsets of preamble indices. 
	Agreements (RAN1#88bis):
· 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


In this contribution, we argue that that it should be possible for cells that transmit CSI-RS, e.g. CSI-RS for L3 mobility, to use those signals for association to subsets of RACH resources and/or subsets of preamble indices.
We also argue that the common random access configuration should be included in the remaining minimum SI, possibly together with the SS burst set configuration and the configuration of CSI-RS for RACH resource selection, if it’s used. 
Since the number of DL signals is highly variable we need to consider a simple, yet flexible, framework for configuring such associations. The parameterization of the association is discussed.
Random access assocation based on CSI-RS
As shown in the agreement above, it is FFS if the 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. 
In some scenarios, cells will transmit CSI-RS, e.g. CSI-RS for L3 mobility, as least during time periods when CONNECTED mode UEs are present in the cells. The reasons for using the CSI-RS for L3 mobility, in addition to IDLE mode RS, depend on the deployment scenario, but a few examples are:
· To support measurement of individual TRPs/beams in a scenario where a single SS block is transmitted in an SFN manner.
· To support measurement of more directive beams with higher gain, than what is used for SS blocks.
· To provide higher measurement accuracy, for example in cells with high speed when the frequency carrier is configured with a longer SS burst set periodicity.
Furthermore, it may be more resource efficient to rely on CSI-RS for beam-level measurements in CONNECTED mode mobility than to configure a large number of SS blocks, which also have to include PBCH. This is especially true if resource sharing between CSI-RS for beam management and L3 mobility is supported and CSI-RS for beam management is anyway transmitted in the cell.
We argue that it should be possible for gNBs that transmit CSI-RS, e.g. CSI-RS for L3 mobility, to configure an association from CSI-RS instead of from the IDLE mode RS in the SS blocks. Examples where this would be useful are listed below.
Handover: PRACH detection with high-gain beamforming
A UE performing handover to a target cell may measure CSI-RS based beam-level quantities of the target cell and report them to the serving cell. The target cell may allocate preambles for contention-free random access in subsets of RACH resources associated with the few best of the measured CSI-RS based beams, which can be included in the handover command. Basing the random access during handover on CSI-RS can provide significiantly higher TRP Rx beamforming gain for the PRACH detection compared to SS block based random access. This can significantly improve the Msg.1 link budget during handover in such scenarios where CSI-RS for L3 mobility is used.
Beam failure recovery:
As agreed in RAN1#88bis, beam failure detection RS at least includes periodic CSI-RS for beam management. Furthermore, PRACH or PRACH-like transmissions are candidates for the beam failure recovery request. It is natural for a PRACH-based beam failure recovery request to be performed on a RACH resource associated with the monitored beam failure detection RS, i.e. the CSI-RS for beam management/L3 mobility. The detected beam failure recovery request (PRACH) would directly indicate a new beam pair to use, firstly for the recovery request response.
Efficient delivery of Msg.2: Including Other SI, Beam recovery request response, etc.
It is reasonable that a UE tries to receive Msg.2 using the same UE Rx beam that was used to receive the best DL signal, i.e. the best SS block in the case of SS block based association. This means that the network should use the same DL Tx beam for Msg.2 that was used for the DL signal (e.g. SS block) associated with the detected Msg.1. Otherwise, the DL Tx beam for Msg.2 may be misaligned with the UE Rx beam. Note that Msg.2 can be used for various purposes such as on-demand delivery of Other SI, beam recovery request response etc, so efficient delivery of Msg.2 is important for network efficiency.
Hence, in scenarios such as multi-TRP transmission of a single SS block in an SFN manner or wide-beam SS block transmission, SFN or wide-beam transmission of Msg.2 is required. If instead the UE would use the best CSI-RS, e.g. for L3 mobility, to select the subset of RACH resources, a more efficient transmission of Msg.2 with could be used, such as a single TRP in the SFN case or a narrow CSI-RS beam, than in the wide SS block beam case.
Highly directional reception of Msg.1 in 2-step random access: forward compatibility
In a 2-step random access procedure, Msg.1 also includes a small payload. The 2-step procedure may be used by MTC-type UEs with small payload transmissions and challenging Msg.1 link budget requirements. The Msg.1 transmit energy of such devices may have significant impact on the battery life. Hence, it would be beneficial if the Msg.1 transmission, including the payload is transmitted on a subset of RACH resources where CSI-RS based high-gain TRP Rx beamforming is used. 
Even though the work item scope does not include a 2-step random access procedure, it serves as an example for forward compatibility. Forward compatibility often means introducing flexibility and configurability in the network, in this case supporting random access procedure both on IDLE mode RS and CSI-RS.
Observation 1:There are several important use cases where associations between CSI-RS and subsets of RACH resources/preamble indices can be beneficial.
Some of the use cases discussed above only apply to random access in CONNECTED mode, such as handover and beam failure recovery. Hence, one option could be to support associations based on CSI-RS only for CONNECTED mode random access. However, in cells supporting IDLE mode random access, both SS block based random access associations and CSI-RS based random access associations would have to be configured at the same time. In the subsets of RACH resources associated with SS blocks, the beams used in the SS blocks would have to used. In the subsets of RACH resources associated with CSI-RS, the beams used for CSI-RS would have to be used. In other words, separate (duplicated) RACH resources would have to be allocated for IDLE mode and CONNECTED mode random access, which seems highly inefficient in multi-beam scenarios.
Observation 2: If CSI-RS based association is supported for CONNECTED mode while SS block based association is used for IDLE mode, then separate (duplicated) RACH resources would have to be defined for IDLE and CONNECTED mode in many cases. This is inefficient for multi-beam scenarios.
Hence, our proposal is that a cell that transmits CSI-RS, e.g. CSI-RS for L3 mobility, can configure all UEs, including CONNECTED and IDLE, that perform random access to the cell to use measurements on CSI-RS for selection of subset of RACH resources and/or subset of RACH preamble indices. 
Proposal 1: gNB can configure an association between CSI-RS and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam.
Note that a cell can choose to use the SS block based random access association or the CSI-RS based association. Also note that the configuration complexity of random access associations does not depend on which RS that is used as DL signal. The association is just a mapping between a set of DL signals and subsets of RACH resources/preambles.
RAN1 provided more network flexibility and forward compatibility by adding CSI-RS for L3 mobility as an option for CONNECTED mode mobility, in addition to IDLE mode RS. Similarly, RAN1 should add CSI-RS as an option for the random access procedure.
RA-related Configurations in Remaining Minimum SI
Overview
In our view, the common random access configuration should be included in the remaining minimum SI. The SS burst set configuration is useful for both IDLE mode and CONNECTED mode UE measurements and should also be included in the remaining minimum SI. When the random access is based on SS blocks, the SS burst set configuration is also important for the random access. Similarly, when the random access is based on CSI-RS, as proposed above, the configuration of CSI-RS should also be included in the remaining minimum SI, together with the common random access configuration. 
SS Burst Set Configuration
In RAN1#88, it was agreed that the maximum number of SS blocks, L, may be carrier frequency dependent [1]. 
The maximum number L should cover the most extreme deployment scenario, also taking forward compatibility into account. In practice, many cells may use only a subset of these L nominal SS blocks. Therefore, it was also agreed that the position(s) of the actually transmitted SS blocks can be informed to UEs. This information is included in the SS burst set configuration which is further discussed in [2]. Since random access may be based on measurements on signals in SS blocks, i.e. IDLE mode RS, the SS burst set configuration can be seen as a part of the random access configuration. Therefore, it should be available to both IDLE and CONNECTED mode UEs in the remaining minimum SI.
Proposal 2: The SS burst set configuration, including the position(s) of actually transmitted SS blocks is included in remaining minimum SI.
CSI-RS for RACH resource selection
As discussed above, it would be beneficial to support the configurability of whether UEs use measurements on IDLE mode RS or CSI-RS to select subsets of RACH resources and preambles. Hence, when RACH resource selection is configured to be based on CSI-RS measurements, the CSI-RS configuration should also be included in the remaining minimum SI. Note that the CSI-RS configured for RACH resource selection can be all or a subset of CSI-RS for L3 mobility in the cell or other CSI-RS. It is up to the network which CSI-RS configuration to include with the random access configuration. Also note that CSI-RS configuration included in remaining minimum SI is not intended for mobility.
Proposal 3: The configuration of CSI-RS for RACH resource selection can be included in the remaining minimum SI.
Random Access Configuration
The remaining minimum SI should also include the common random access configuration, which is used by UEs without a dedicated configuration, such as IDLE mode UEs. Since random access may be used to request delivery of other SI, it is not suitable to include the random access configuration in the other SI.
Proposal 4: The common random access configuration is included in remaining minimum SI.
Random Access Configuration
PRACH groups
For convenience, we can define a PRACH group as:
· A PRACH group is a subset of RACH resources and/or a subset of preamble indices.
PRACH groups are disjoint if any combination of RACH resource and preamble is contained in at most one PRACH group.
The Number of Measurement Results
The random access configuration should configure the association between DL signals and PRACH groups since the UE selects a PRACH group based on which DL signal that is best. Note that the number of DL signals may be quite different in different scenarios. The number may depend on 
· The number of actually transmitted SS blocks (if IDLE mode RS are used),
· The total number antenna ports for CSI-RS (if CSI-RS are used).
For example, the number of SS blocks may vary between 1 and [64] for above 6 GHz. Two ways to handle this variability are:
· Option 1: Associations between the maximum number of DL signals (e.g. [64] in the case of SS blocks) and RACH groups are defined.
· Option 2: Associations between the actual number of DL signals and PRACH groups are defined.
Option 1:
In the case with gNB beam correspondence, the maximum number of PRACH groups (e.g. [64]) would have to be defined. For the scenario with analog beamforming, these nominal PRACH groups would consist of subsets of RACH resources in different time instants. Even though the gNB could schedule other transmissions during the RACH resources associated with actually not transmitted DL signals, the actually used RACH resources would be unnecessarily spread out in time, causing unnecessarily long latency until Msg1 transmission. 
Option 2:
In this case, number of PRACH groups would correspond to the actual number of DL signals. For instance, if it’s indicated in the SS burst set configuration that only 16 SS blocks are actually transmitted (even though L=[64]), only 16 RACH groups would have to be defined. Compared to Option 1, the waiting time until Msg.1 transmission could be reduced by a factor 4 in the example with analog beamforming and L=[64].
Hence, we propose to use the information about the number of actually transmitted RS in the random access configuration, i.e. Option 2:
Proposal 5: If the number of actually transmitted DL signals (i.e. IDLE mode RS or CSI-RS) is informed to UEs, then the random access configuration only defines associations for those DL signals. Otherwise, the random access configuration defines associations for the maximum number of DL signals assumed by UEs (e.g. L in the case of IDLE mode RS).
Associations between DL signals and PRACH groups
The random access configuration needs to indicate whether the IDLE mode RS or the CSI-RS should be used for selecting PRACH group. For instance, if the configuration of CSI-RS is included in the remaining minimum SI, then it is used for the random access. Otherwise, the IDLE mode RS in SS blocks are used.
Proposal 6: The remaining minimum SI can indicate if IDLE mode RS or CSI-RS should be used for selecting subset of RACH resources and preamble indices.
The associations between DL signals and PRACH groups are configured in the random access configuration. The following bullets list an example of parameters to define PRACH groups and the associations between DL signals and PRACH groups: 
A. The number of DL signals
· This parameter is obtained from the SS burst set configuration or the configuration of CSI-RS.
B. [bookmark: _Ref470725100]The Msg.1 preamble format
· Including various numbers of multiple/repeated preambles within a Msg.1 transmission
C. [bookmark: _Ref470884534]The time and frequency resources for Msg.1 transmission
· In [3], RACH transmission occasion was defined as the time-frequency resource on which a Msg.1 can be transmitted (if multiple/repeated preamble transmission is configured, this counts as one RACH transmission occasion). 
· Let Msg.1 time instance denote the time instance of a RACH transmission occasion. In other words, there may be multiple frequency multiplexed RACH transmission occasions on the same Msg.1 time instance. 
D. [bookmark: _Ref470725228]The PRACH group period, i.e. after how many Msg.1 time instances the same PRACH group is repeated.
· One value, e.g. 1, corresponds to the same PRACH groups repeating in each Msg.1 time instance. This configuration is useful in the case without TRP beam correspondence, i.e. there is no particular association from measurement result to Msg.1 time instance.
· Other values correspond to PRACH groups occuring in a subset of the Msg.1 time instances, e.g. every 16th Msg.1 time instance, which is useful for example in the case with TRP beam correspondence in an analog beamforming implementation, e.g. with 16 analog beams, i.e. measurement results are associated to subsets of Msg.1 time instances.
E. [bookmark: _Ref470725236]The number of PRACH groups per Msg.1 time instance
· PRACH groups on the same Msg.1 time instance are separated by frequency and/or preamble subset.
F. The number of preambles in a PRACH group
Further subdivision of the set of preambles in the PRACH groups can be considered, e.g. for the purpose of Msg.3 transmission resource size indication as in LTE.
The parameters listed under C correspond to the PRACH resource configuration in LTE, in that they define the available RACH resources. Note that other RACH resources may be available to other UEs based on UE-specific random access configurations.
The parameters D and E define the number of PRACH groups (N), which is equal to the number of PRACH groups per Msg.1 time instance times the number of Msg.1 time instances with different PRACH groups, i.e. N=E*D.
Given the parameters above, an association rule can be defined that associates DL signals in the same time instance with PRACH groups in the same Msg.1 time instance, as far as possible.
Proposal 7: An association rule between DL signals and PRACH groups is defined, such that DL signals transmitted in the same time instance are associated with PRACH groups in the same Msg.1 time instance, as far as possible.
Naturally, both UEs and gNBs use the same association rule. It is illustrated with a few examples below.
Example Random Access Configurations – gNB with Rx/Tx Beam Correspondence
PRACH format and resource configuration
In this example, the gNB configures a preamble (Msg.1) format (parameter B above) without multiple/repeated preambles, i.e Rx beam sweeping within the configured format is not needed. Furthermore, assume that 4 RACH transmission occasions within a radio frame are defined, using parameter C above. Since a single RACH transmission occasion per time is configured, i.e. no frequency multiplexed RACH transmission occasions, also the number of Msg.1 time instances within a frame is 4. This is illustrated in Figure 1 below. Note that parameter B and C may be combined into a PRACH configuration index as in LTE (0-63 in LTE).

[bookmark: _Ref477976209]Figure 1: Four RACH transmission occasions (and four Msg.1 time instance) per radio frame are defined, e.g. using a PRACH configuration index as in LTE.
Example 1: Single DL signal (as LTE)
In this simple example, the number of DL signals is 1, i.e. A=1. For example, the SS burst set configuration informs UEs that the SS burst set contains a single SS block. 
Hence, the following configuration can be used:
· D = 1 (the PRACH group period)
· E = 1 (the number of PRACH groups per Msg.1 time instance)
· F = all preamble indices (the number of preamble indices in a PRACH group)
The single DL signal is associated with PRACH group 0, i.e. all UEs select the same PRACH group. Note that the variable F would have to take preambles for contention-free random access into account, but here we assign all preamble indices to contention-based for simplicity.

Figure 2: All RACH transmission occasions and preambles belong to the same PRACH group. A UE that measures the single DL signal is the best can choose preamble and RACH transmission occasion from PRACH group 0.
Example 2: Four DL signals in different time instances (with analog beamforming at TRP)
In this example, the number of DL signals is 4, i.e. A=4, and they are transmitted in different time instances, e.g. 4 different SS blocks. 
The following configuration can be used:
· D = 4 (the PRACH group period)
· E = 1 (the number of PRACH groups per Msg.1 time instance)
· F = all preamble indices (the number of preamble indices in a PRACH group)
Since, D = 4, the same PRACH group occurs after four Msg.1 time instances, as illustrated in Figure 3. The association between the 4 DL signals and the 4 PRACH groups can follow the index of the DL signals, e.g. the SS block index.

[bookmark: _Ref477967183]Figure 3: The same PRACH group occurs every 4th Msg.1 time instance. Each DL signal is associated with one PRACH group (1-to-1 association).
Example 3: Four DL signals – Two DL signals per time instance (Two TRPs with analog beamforming or one TRP with hybrid beamforming)
In this example, the number of DL signals is 4, i.e. A=4. However, two DL signals are transmitted simultaneously and the other two are also transmitted simultaneously but at another time instance. This illustrates a scenario where CSI-RS for L3 mobility is used as DL signal and two CSI-RS port are transmitted at the same time. One example of such an implementation is a cell with two TRPs with analog beamforming that transmit a CSI-RS each simultaneously, but with different DL Tx beams in the two different time instances (totally four different DL Tx beams). Another example is a TRP with hybrid beamforming (2 TXRUs).
In this case, the following configuration can be used:
· D = 2 (the PRACH group period)
· E = 2 (the number of PRACH groups per Msg.1 time instance)
· F = half of all preamble indices (the number of preamble indices in a PRACH group)
Since, D = 2, the same PRACH group occurs every second Msg.1 time instances, as illustrated in Figure 4. The association rule states that the two DL signals that are transmitted in the same time instance should be associated with PRACH groups in the same Msg.1 time instance. In the example implementation with two TRPs, each TRP receives a PRACH group in each Msg.1 time instance, distinguished by different subsets of preambles. The TRPs can use different Rx beams in the two different Msg.1 time instances. Note the configuration in Example 2 could also work in this case (with the same PRACH capacity), but this configuration offers reduced delay until Msg.1 transmission, compared to Example 2.

[bookmark: _Ref477980132]Figure 4:The same PRACH group occurs every 2nd Msg.1 time instance. In each RACH transmission occasion, the preamble indices are divided between two PRACH groups. Based on the best DL signal, the UE selects the associated PRACH group and transmits a preamble using a RACH transmission occasion and preamble index from the PRACH group.
Example 4: 8 DL signals (digital beamforming at TRP)
In this example, there are 8 DL signals. For example, CSI-RS is used, with 8 simultanous CSI-RS transmitted by the TRP using different Tx beams. 
The following configuration can be used:
· D = 1 (the PRACH group period)
· E = 1 (the number of PRACH groups per Msg.1 time instance)
· F = all preamble indices (the number of preamble indices in a PRACH group)
Note that this configuration is the same as in Example 1 with a single DL signal. In this case, there is only one PRACH group, since D = 1 and E = 1, so all 8 DL signals are associated with the same PRACH group 0. However, the TRP can use digital beamforming to receive all beams in each RACH transmission occasion and it can use beam correspondence to obtain the DL Tx beam to use for Msg.2.

Figure 5: All RACH transmission occasions and preambles belong to the same PRACH group. Regardless of which DL signal that the best, the UE chooses preamble and RACH transmission occasion from PRACH group 0.
Example Random Access Configurations – gNB without Rx/Tx Beam Correspondence
PRACH format and resource configuration
In this example, the gNB configures a preamble (Msg.1) format (parameter B above) with multiple/repeated  preambles, i.e Rx beam sweeping within the configured format can be performed. Furthermore, assume that 8 RACH transmission occasions within a radio frame are defined, using parameter C above. Since two RACH transmission occasions per time is configured, the number of Msg.1 time instances within a frame is 4 in this example, which is is illustrated in Figure 6 below. Note that the RACH transmission occasions in these examples can have much longer time duration since multiple/repeated preambles are used, but in the figures they seem to have the same duration, for simplicity.

[bookmark: _Ref477977055]Figure 6: In each Msg.1 time instance there are two RACH transmission occasions.
Example 5: Four DL signals in different time instances (with analog beamforming at TRP)
In this example, the number of DL signals is 4, i.e. A=4, and they are transmitted in different time instance, e.g. 4 different SS blocks. 
The following configuration can be used:
· D = 1 (the PRACH group period)
· E = 4 (the number of PRACH groups per Msg.1 time instance)
· F = half of all preamble indices (the number of preamble indices in a PRACH group)
Since, D = 1, the same PRACH group occurs in each Msg.1 time instance, as illustrated in Figure 7. Note that the TRP performs Rx beam sweeping during each Msg.1 time instance, so all TRP Rx beams are used during each RACH transmission occasion. In each RACH transmission occasion, there are two disjoint PRACH groups, using disjoint subsets of preamble indices. The association between the 4 DL signals and the 4 PRACH groups can follow the index of the DL signals, e.g. the SS block index.

[bookmark: _Ref477978688]Figure 7: Each RACH transmission occasion holds two disjoint PRACH groups due to disjoint subsets of preamble indices. Each Msg.1 time instance contains four PRACH groups, due to the frequency multiplexing of two RACH transmission occasions. The TRP uses all four TRP Rx beam during the Msg.1 time instance, due to Rx beam sweeping. The UE indicates the best DL Tx beam by its selection of PRACH group.
Example 6: 16 DL signals in different time instances (analog beamforming at TRP)
In this example, the number of DL signals is 16, i.e. A=16, and they are transmitted in different time instance, e.g. 16 different SS blocks. The same configuration as in Example 5 can be used:
· D = 1 (the PRACH group period)
· E = 4 (the number of PRACH groups per Msg.1 time instance)
· F = half of all preamble indices (the number of preamble indices in a PRACH group)
In this example, there are more DL signals than RACH group, so multiple DL signals need to be associated with the same PRACH group. This case needs to be supported since there may be more than 50 DL signals and it may not be feasible define as many PRACH groups due to RACH overhead and latency. In this example 4 DL signals need to be associated with the same PRACH group, for example as:
· SS block index 0-3 -> PRACH group 0,
· SS block index 4-7 -> PRACH group 1,
· SS block index 8-11 -> PRACH group 2,
· SS block index 12-15 -> PRACH group 3.
This means that the DL Tx beam for Msg.2 is not fully conveyed through the selection of PRACH group. How to handle transmit Msg.2 is up to the network implementation. In this case, Msg.3 can complete the indication of the best DL Tx beam, in this case indicate one of the four remaining candidate beams for best DL Tx beam.

Figure 8: 
Contention-free Random access
CONNECTED mode random access in NR may be applicable for the use-cases in LTE such as handover, establishing UL sync, scheduling request, etc, but possibly also for new use cases. The issues with analog beamforming and beam correspondence also apply to contention-free random access. Therefore, the same kind of framework with association between DL signals and PRACH groups should be applied to this case. This means that also scenarios with multiple PRACH groups, distinguished by disjoint subsets of preambles, within one Msg.1 time instance should be supported. In such cases, the UE might not be configured with a single (dedicated) preamble index, but with a dedicated preamble index per PRACH group. These can be seen as single-preamble PRACH groups, disjoint with the PRACH groups used for contention-based random access. The association framework enables beamformed reception of Msg.1 (in the case of TRP beam reciprocity) and best DL Tx beam indication, also for contention-free random access.
Proposal 8: In contention-free random access, the UE can be configured with a (possibly different) preamble per PRACH group.
[bookmark: _Ref470328244]Msg.1 Transmission
As discussed in more detail in [4][5], Msg.1 transmission before the end of a monitored Msg.2 reception window can be useful, in particular for contention-free random access. Even in the scenario with UEs with ideal Tx/Rx beam correspondence and analog beamforming, it may take extensive sweeping to find the best pair of TRP Tx beam and UE Rx beam, since only one UE Rx beam can be used at a time. The issue becomes more severe with longer DL signal periodicity, which can be up to 160 ms for SS burst set since there are less opportunities to try different UE Rx beams within a channel coherence interval. Instead, the UE may sweep its Rx beam until it finds a beam pair that is sufficiently good, e.g. SNR above a threshold, and use that “initial” UE Rx beam also for the Msg.1 transmission. 
Proposal 9: Msg.1 transmission before the end of a monitored Msg.2 reception window of the previously transmitted Msg.1 is supported. 
As described above, a UE selects a PRACH group based on the DL signal with best measurement results, which could correspond to the best DL Tx beam. If the UE uses IDLE mode RS for this, the measurement results are SS-block-RSRP. If the UE uses CSI-RS for this, the measurement results are the RSRP of the CSI-RS, i.e. CSI-RS RSRP. The power control for Msg.1 transmit power control should be based on these measurement results.
Proposal 10: The Msg.1 transmit power control is based on the best measurement result (e.g. SS-block-RSRP or CSI-RS RSRP) that was used to select subsets of RACH resources and preamble indices .
At least for UEs without beam correspondence, UL Tx beam sweeping should normally be performed before the preamble transmit power is ramped up. It is beneficial to find matching beam pairs as early as possible in the random access procedure, in order to save UE power and keep down the interference power level. In particular, if multiple Msg.1 transmission before the end of a monitored Msg.2 reception window is used, then the UE should not ramp up Tx power during those transmissions.
Proposal 11: UE Tx beam sweeping of Msg.1, if used, should be performed before UE Tx power ramping. UE Tx power should not be ramped up during multiple Msg.1 transmissions before the end of a monitored Msg.2 reception window.
Msg.2 Reception
As discussed in [4], there are several scenarios where multiple Msg.2 can be transmitted to a UE within a random access attempt, such as multiple Msg.1 transmission and reception of the same Msg.1 at distributed TRPs connected with non-ideal backhaul. In order to improve the subsequent communication in such scenarios, the UE shouldn’t always terminate the Msg.2 reception after the first successfully received Msg.2.
Proposal 12: The reception of multiple Msg.2 is supported.
Conclusions
The following observations and proposals have been made: 
Observation 1:There are several important use cases where associations between CSI-RS and subsets of RACH resources/preamble indices can be beneficial.
Observation 2: If CSI-RS based association is supported for CONNECTED mode while SS block based association is used for IDLE mode, then separate (duplicated) RACH resources would have to be defined for IDLE and CONNECTED mode in many cases. This is inefficient for multi-beam scenarios.
Proposal 1: gNB can configure an association between CSI-RS and a subset of RACH resources and/or a subset of preamble indices, for determining Msg2 DL Tx beam.
Proposal 2: The SS burst set configuration, including the position(s) of actually transmitted SS blocks is included in remaining minimum SI.
Proposal 3: The configuration of CSI-RS for RACH resource selection can be included in the remaining minimum SI.
Proposal 4: The common random access configuration is included in remaining minimum SI.
Proposal 5: If the number of actually transmitted DL signals (i.e. IDLE mode RS or CSI-RS) is informed to UEs, then the random access configuration only defines associations for those DL signals. Otherwise, the random access configuration defines associations for the maximum number of DL signals assumed by UEs (e.g. L in the case of IDLE mode RS).
Proposal 6: The remaining minimum SI can indicate if IDLE mode RS or CSI-RS should be used for selecting subset of RACH resources and preamble indices.
Proposal 7: An association rule between DL signals and PRACH groups is defined, such that DL signals transmitted in the same time instance are associated with PRACH groups in the same Msg.1 time instance, as far as possible.
Proposal 8: In contention-free random access, the UE can be configured with a (possibly different) preamble per PRACH group.
Proposal 9: Msg.1 transmission before the end of a monitored Msg.2 reception window of the previously transmitted Msg.1 is supported. 
Proposal 10: The Msg.1 transmit power control is based on the best measurement result (e.g. SS-block-RSRP or CSI-RS RSRP) that was used to select subsets of RACH resources and preamble indices .
Proposal 11: UE Tx beam sweeping of Msg.1, if used, should be performed before UE Tx power ramping. UE Tx power should not be ramped up during multiple Msg.1 transmissions before the end of a monitored Msg.2 reception window.
Proposal 12: The reception of multiple Msg.2 is supported.
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