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Introduction
In this contribution we discuss remaining issues in the 4-step random access (RA) procedure in NR. Random access resource configuration is also discussed in [1]. Further details of contention-based random access (CBRA) association configuration is discussed as well as details of contention-free random access (CFRA) configuration. 
[bookmark: _Ref470328244][bookmark: _Ref485244653]Configuration of CBRA
[bookmark: _Ref506498993]Configuration of Association
In RAN1 NR_AH 1801, the following parameter values for association between SSBs and RACH occasions/preambles were agreed.
	Agreements:
· Support cyclically mapping the actually transmitted SS/PBCH blocks and ROs within a period
· FFS the definition of the period
· FFS whether or not there a case of ROs that are not enough for a complete association with all the actually transmitted SS/PBCH blocks and if so, how to handle
Agreements:
· For the cyclic mapping of association between ROs and all the actually transmitted SS/PBCH blocks, if there are leftover ROs after an integer number of cycles within the defined period, no SS/PBCH blocks are mapped to these leftover ROs
Agreements:
· NR supports the following number of SSBs per RACH occasion: {1/8, 1/4, 1/2, 1, 2, 4, 8, 16}
· Note: This agreement includes the possibility that FDMed RACH occasions are configured to support configurations where all FDMed RACH occasions get mapped to one set of SSBs
Agreements:
· [bookmark: _Hlk504644555]For SSB-per-rach-occasion {1/8, 1/4, ½, 1, 2}: CB-preambles-per-SSB is selected from the set of values 4*N, with N=1, …, floor(16/max(1, SSB-per-rach-occasion))
· For SSB-per-rach-occasion {4, 8, 16}: CB-preambles-per-SSB is selected from the set of values N, with N=1, …, floor(64/SSB-per-rach-occasion)



According to the agreement above, the network can indicate one of the following values for the number of SSBs per RACH occasion (RO) in RMSI: {1/8, 1/4, 1/2, 1, 2, 4, 8, 16}. On the other hand, the network can configure the following number of actually transmitted SSBs (also in RMSI):  
· 0-3 GHz: G={1, 2, 3, 4} actually transmitted SSBs
· 3-6 GHz: G={1, 2, 3, 4, 5, 6, 7, 8} actually transmitted SSBs
· Above 6 GHz: {1, 2, 3, 4, 5, 6, 7, 8}*N = G*N actually transmitted SSBs, where G is number of actually transmitted SSBs in a group, and N=1, 2, 3, 4, 5, 6, 7 or 8 is the number of groups.
Currently, it is not clear what happens if the network configures a larger number of SSBs per RACH occasion than the number of actually transmitted SSBs. For example, what is the outcome if the number of actually transmitted SSBs = 3 and SSB-per-rach-occasion is configured to 4? The alternatives are outlined below.
Alt 1: this is an invalid configuration
Consequently, the network can configure at most 2 SSBs per RACH occasion. This means that all 3 SSBs cannot be associated to the same (each) RO. This has an unnecessary negative impact, for instance on latency in configurations with a single RO per association period.
Alt 2: the number of SSBs per RACH occasion = min(SSB-per-rach-occasion, the number of actually transmitted SSBs)
With this approach, there are no invalid configurations. If the network configures 3 actually transmitted SSBs and SSB-per-rach-occasion to 4, 8 or 16, then the UE will interpret this as a valid configuration with 3 SSBs per RACH occasion. Even though this approach resolves some of the problems with Alt 1, there are still a number of cases that don’t work well. For example, it is still not possible to map 3 SSBs to a each RO if there are totally 6 or 12 SSBs. In a scenario with 3 TRPs with 4 analog beams each, it would be possible to fit all SSBs into 4 RACH occasions if 3 SSBs could be mapped to each RO. If only 2 SSBs can be mapped to each RO, it takes 6 ROs to map all 12 SSBs. This makes it impossible to use PRACH configuration period longer than 20 ms for several formats such as A3 or C2 (based on the short sequence table for paired spectrum in FR1). For analog and hybrid beamforming implementations, it is essential to accurately configure which SSBs that are received in which time instances.
Alt 3: The value range of SSB-per-rach-occasion depends on the number of actually transmitted SSBs in a group
RMSI indicates the actually transmitted SSBs within a group of consecutive SSBs with a bitmap (RRC parameter InOneGroup). In FR2, there can be up to 8 groups. In FR1, there is only a single group. Let G denote the number of actually transmitted SSBs in a group. In FR1, G corresponds to the number of actually transmitted SSBs. In FR2, the number of actually transmitted SSBs is an integer multiple of G. In Alt 3, the SSB-per-rach-occasion has the following values ranges, depending on G:
Table 1 – The value range of SSB-per-rach-occasion depends on the number of actually transmitted SSBs per group.
	The number of actually transmitted SSBs per group (G)
	Value range of SSB-per-rach-occasion

	G = 1, 2, 4 or 8
	{1/8, 1/4, 1/2, 1, 2, 4, 8, 16}

	G = 3 or 6
	{1/8, 1/4, 1/2, 1, 2, 3, 6, 12}

	G = 5
	{1/8, 1/4, 1/2, 1, 2, 5, 10, 15}

	G = 7
	{1/8, 1/4, 1/2, 1, 2, 4, 7, 14}


Furthermore, number of SSBs per RACH occasion = min(SSB-per-rach-occasion, the number of actually transmitted SSBs). This design can enable support for analog/hybrid beamforming at the TRPs for a wider range of actually transmitted SSBs and numbers of TRPs per cell other than based on 2^n.
Proposal 1: The agreement from RAN1 NR_AH 1801 is revised so that the number of SSBs per RACH occasion = min(SSB-per-rach-occasion, the number of actually transmitted SSBs) and the value range of SSB-per-rach-occasion is updated according to the table below.
	The number of actually transmitted SSBs per group (G)
	Value range of SSB-per-rach-occasion

	G = 1, 2, 4 or 8
	{1/8, 1/4, 1/2, 1, 2, 4, 8, 16}

	G = 3 or 6
	{1/8, 1/4, 1/2, 1, 2, 3, 6, 12}

	G = 5
	{1/8, 1/4, 1/2, 1, 2, 5, 10, 15}

	G = 7
	{1/8, 1/4, 1/2, 1, 2, 4, 7, 14}


· Note: In FR1, there is only one group with 4 SSBs (0-3 GHz) or 8 SSBs (3-6 GHz)
Time period for SSB to RO synchronization
In RAN1 NR_AH 1801, the period after which the association is reset was discussed.
	Proposals:
· Alt1: Time period for SSB to RO synchronization is the PRACH configuration period
· Supported by: Qualcomm, Mediatek, Ericson, Motorola, 
· Alt2: Time period for SSB to RO synchronization is integer multiple of PRACH configuration period long enough to map all actually transmitted SSBs
· Supported by: DOCOMO, ZTE, Ericson,
· Alt3: Time period for SSB to RO synchronization is the max of the PRACH configuration period and the SSB burst period
· Supported by: LGE, Nokia
· Alt4: Time period for SSB to RO synchronization is the RMSI TTI (80 ms or 160 ms)
· Suporrted by: ZTE
· Alt5: Time period for SSB to RO synchronization is the 160 ms
· Suporrted by: Mediatek, Huawei, Nokia, CATT, ZTE, 
Continue discussion till next meeting


Alt 1 doesn’t work when the number SSBs mapped ROs within the PRACH configuration period is lower than the number of actually transmitted SSBs. The number of SSBs mapped to ROs in one time instance can be 1, e.g. due to analog beamforming constraints. The number of time multiplexed ROs within one PRACH configuration period is given by the PRACH configuration index. From the tables agreed so far, it is clear that the number of time multiplexed ROs within one PRACH configuration period is below 20 for most configurations. With Alt 1, this results in a limited number of SSBs that can be supported in those configurations.
Alt 3 is identical Alt 1 when the SSB period is smaller than or equal to the PRACH configuration period. Hence, Alt 3 inherently has the same problems as Alt 1. When the SSB period is larger than the PRACH configuration period, Alt 3 is similar to Alt 4 and Alt 5.
The period in Alt 4 and 5 is typically long enough to fit the mapping from all actually transmitted SSBs. One disadvantage with these alternatives could be that the period often fits multiple PRACH configuration periods. Since the associations are cycled within this longer period within any reset, the set of SSBs associated with one RACH time instance can differ in different PRACH configuration periods. However, this problem also occurs within PRACH configuration periods if there are less SSBs than associations to ROs in a PRACH configuration period (= the number of ROs in a PRACH configuration period * the number of SSBs per RO). Hence, this potential problem should be addressed by revising the number parameter SSB-per-rach-occasion. 
Alt 2 also seems to work well. It is attractive since an SSB is always associated to an RO or a RACH time instance together the same set of other SSBs, if there are more SSBs than associations to ROs in a PRACH configuration period. If there are less SSBs than associations to ROs in a PRACH configuration period, this may no longer be the case.
Proposal 2: Time period for SSB to RO synchronization according to Alt 2, 4 or 5 is adopted.
[bookmark: _Ref498641046]Configuration of Beam Failure Recovery Request (BFRR) and CFRA
Different Kinds of CFRA
Multiple kinds of CFRA, with slightly different properties, need to be supported, including the following (“resources” below includes time, frequency, preamble index):
· CFRA at handover (HO) based on SSB
· Resources associated with a subset or all SSBs can be reserved.
· Reserved resources valid only for a time period, e.g. until expiry of a timer.
· CFRA at handover (HO) based on CSI-RS
· Resources associated with a subset or all of the configured CSI-RS can be reserved.
· Reserved resources valid only for a time period, e.g. until expiry of a timer.
· CFRA based on PDCCH order
· Resources associated with a subset or all SSBs can be reserved.
· Reserved resources valid only for a time period, e.g. only in one PRACH occasion.
· BFRR based on SSB
· Resources associated with a subset or all SSBs can be reserved.
· Reserved resources valid until reconfiguration.
· BFRR based on CSI-RS
· Resources associated with a subset or all of the configured CSI-RS can be reserved.
· Reserved resources valid until reconfiguration.
· BRRR based on SSB and CSI-RS
· Resources associated with a subset or all SSBs can be reserved.
· Resources associated with a subset or all of the configured CSI-RS can be reserved.
· Reserved resources valid until reconfiguration.
It would clearly be beneficial if the same resource and association configuration method could be used for all the cases above. The configuration of BFRR is discussed first and then it’s investigated if the same approach can be used for the other cases.
PRACH resource configuration for BFRR
RAN2 is considering CBRA also for BFRR. Therefore, we distinguish CFRA and CBRA for BFRR and CBRA for initial access as CF-BFRR, CB-BFRR and CBRA (IA), respectively. 
The PRACH resource configuration for CF-BFRR needs to take the common PRACH resources for CBRA (IA) into account. The PRACH occasions for CBRA (IA) are defined by the parameters PRACHConfigurationIndex, prach-frequency-start and prach-FDM. There are three possible alternatives to how PRACH occasions for CF-BFRR is configured.
Alt 1: The CF-BFRR PRACH occasions completely overlap with PRACH occasions for CBRA (IA)
The CF-BFRR uses different preamble indices than CBRA (IA). Two example scenarios are given below:
· In scenarios with analog beamforming and multiple beams, e.g. 64 SSBs, a large number of time-multiplexed PRACH occasions for CBRA (IA) is required. Each such time-multiplexed PRACH occasion is associated with a single SSB, due to the analog Rx beamforming constraint. This typically results in low CBRA (IA) load per PRACH occasion, which means that a configuration with few preamble indices need to be allocated to CBRA (IA), i.e. a small cb-preamblesPerSSB is configured. This leaves many preambles for CFRA, incl. BFRR. Adding more PRACH occasions dedicated to BFRR results in wasted UL resources, at least when the number of CONNECTED UEs is low to moderate.
· In scenarios with requirements on low control plane latency, the network needs to configure PRACH occasions for CBRA (IA) that are very dense in time. This typically results in low CBRA (IA) load per PRACH occasion, since the density in time is not based on the PRACH load but on the latency requirements. Hence, few preamble indices need to be allocated to CBRA (IA), i.e. a small cb-preamblesPerSSB is configured. This leaves many preambles for CFRA, incl. BFRR. Adding more PRACH occasions dedicated to BFRR results in wasted UL resources, at least when the number of CONNECTED UEs is low to moderate.
Alt 2: The CF-BFRR PRACH occasions are disjoint with PRACH occasions for CBRA (IA)
The BFRR PRACH occasions can be disjoint in time and/or frequency. Disjoint occasions in frequency can be achieved by using the same PRACHConfigurationIndex for BFRR as for CBRA (IA), but a different frequency offset. Disjoint occasions in time can be achieved by using a different for PRACHConfigurationIndex than for CBRA (IA). Two example scenarios are given below.
· If a gNB with beam correspondance cannot receive an SSB beam at the same time as a CSI-RS beam, due to its Rx beamforming implementation, then BFRR based on CSI-RS needs to be configured with PRACH occasions disjoint in time from the PRACH occasions for CBRA (IA), which uses SSB.
· If CBRA (IA) uses a configuration such that all or almost all preambles indices are allocated to CBRA (IA), e.g. ssb-perRACH-Occasion*cb-preamblesPerSSB=64 is configured, then additional disjoint PRACH occasions for BFRR is required. Adding disjoint FDMed PRACH occasions for BFRR may be the most suitable approach in many cases.
Alt 3: The CF-BFRR PRACH occasions are partly overlapping with PRACH occasions for CBRA (IA)
In this case, PRACH occasions used for CBRA (IA) and other dedicated PRACH occasions can be used for BFRR. In the PRACH occasions also used used for CBRA (IA), BFRR needs to use different preamble indices. This is attractive in scenarios in which the number of preamble indices allocated to CBRA (IA) per occasion is small. This means that a significant number of preambles can be used for BFRR. In the other (dedicated) PRACH occasions, any preamble index can be configured for BFRR. Two example scenarios are given below.
· In some scenarios, the number of available preambles for BFRR is not sufficient in PRACH occasions also used by CBRA (IA). The BFRR capacity can be increased by adding one or more dedicated PRACH occasions FDMed with the PRACH occasion(s) used for CBRA (IA). Overall, BFRR and CBRA (IA) would use partly overlapping PRACH occasions.
· In some scenarios, the number of available preambles for BFRR is sufficient in PRACH occasions also used by CBRA (IA). However, there are many CBRA (IA) configurations which concentrate the PRACH occasions to one radio frame, typically following a radio frame with SSBs, leaving many (up to 15) radio frames completely without PRACH occasions for CBRA (IA). To maintain BFRR latency, a more dense PRACH occasion pattern is needed for BFRR. For example, in radio frames with PRACH occasions for CBRA (IA), they could overlap with the PRACH occasions for BFRR. In radio frames without CBRA (IA) occasions, BFRR would require disjoint PRACH occasions. Overall, BFRR and CBRA (IA) would use partly overlapping PRACH occasions.
The three alternatives are illustrated in 
[image: ]
Figure 1: Beam failure recovery request (BFRR) and CBRA (IA) could be configured on overlapping (Alt 1), disjoint (Alt 2) or partly overlapping (Alt 3) PRACH occasions.
Due to their usefulness in different scenarios, we propose that all three alternatives above should be supported.
Proposal 3: For BFRR based on SSB, NR supports configuration of BFRR resources completely overlapping, partly overlapping and disjoint with CBRA resources (for initial access). 
Proposal 4: For CFRA based on CSI-RS, NR supports configuration of CFRA resources disjoint with CBRA resources (for initial access). 
Association for BFRR based on SSB
As outlined above, BFRR (and other CFRA) based on SSB may be configured with overlapping, partly overlapping or disjoint PRACH occasions with CBRA (IA). It is clear the the association between SSBs and PRACH occasions used for CBRA (IA) is configured by RMSI and shouldn’t be changed by BFRR. In other words, the same SSB to PRACH occasion assocation is used for BFRR in any overlapping PRACH occasions. For any disjoint PRACH occasions for BFRR, a separate SSB to PRACH occasion association can be laid out, following the same principles as for CBRA (IA). For this, a separate optional association parameter SSB-per-rach-occasion (3 bits) for BFRR may be required. 
For example, consider the scenario with analog beamforming in which CBRA (IA) associates 1 SSB per PRACH occasion for the case with 1 FDMed PRACH occasion. If BFRR adds 2 FDMed PRACH occasions, BFRR association configuration should use ½ SSBs per PRACH occasion.
Proposal 5: For BFRR based on SSB, the set of disjoint PRACH occasions are associated to SSBs following the same principles as for CBRA (for initial access). A separate SSB-per-rach-occasion may be optionally configured for this purpose.
A UE can be configured with a single (dedicated) preamble index (ra-PreambleIndex). However, in the many SSB to one PRACH occasion association, the allocated preamble index needs to different for different SSBs. This is illustrated in the figure below, in the case with overlapping PRACH occasions. The UE is allocated four preambles (one per SSB), using a similar parameterization as for CBRA, with an additional preamble index parameter (ra-PreambleIndex). Based on the SSB RSRP measurement, the UE can select one of the four dedicated preambles for transmission.
[image: ]
[bookmark: _Ref503557296]Figure 2 – CFRA (incl. BFRR) can support association between many SSB to one RACH occasion and one preamble index by using the parameter ra-PreambleIndex as an offset in relation to the CBRA preamble subset.

Proposal 6: In many SSB to one RACH occasion association, the RRC parameter ra-PreambleIndex allocates a preamble index for SSB as:
· Allocated preamble index for SSB i = Xi + ra-PreambleIndex, where Xi is either 
· Alt.1: the lowest index in the subset of CBRA preamble indices allocated to SSB i, or
· Alt.2: the lowest index after the subset of CBRA preamble indices allocated to SSB i.  
For the example in Figure 2, Xi is 0 (Alt.1) or 16 (Alt.2) for SSB 0 and SSB 3. For SSB 2 and SSB 4, Xi is 32 (Alt.1) or 48 (Alt.2). In other words, the CFRA configuration is based on a CBRA configuration that the UE knows. Note that this CBRA configuration doesn’t have to be the CBRA configuration in RMSI. A CFRA configuration can be accompanied by a CBRA configuration in relation to which the CFRA is defined, e.g. in the handover command.
In disjoint PRACH occasions, there are no CBRA (IA) preambles. The configuration method in the proposal above can still be used, with the number of CBRA preambles per SSB set to 0.
Masks for RACH resources and/or SSBs
Given the configuration approach for BFRR described above, with potentially separate prach-ConfigurationIndex, msg1-FDM, msg1-FrequencyStart, SSB-per-rach-occasion as well as a ra-PreambleIndex, a UE would be configured with a preamble for each actually transmitted SSB. However, the network may want to allocate preambles to the UE for only a small set of SSBs. To achieve this, an SSB mask can be configured which indicates for which SSBs the UE is allocated with a preamble. In RAN1#91, it was agreed to use a Mask for further selecting RACH resources and/or SSBs, using the RRC parameter RACH-resource-mask-BFR. 
Proposal 7: In CFRA/BFRR based on SSB, the SSBs for which a preamble is allocated is configured by a mask (bitmap) of length 4/8/64 bits for below 3 GHz / 3-6 GHz / above 6 GHz. 
Each SSB may be allocated with multiple FDMed PRACH occasions, using SSB-per-rach-occasion = 1/8, ¼ or ½. To indicate in which of these FDMed PRACH occasions a preamble is allocated, a 3-bit frequency index may be needed. The same index can be used for all SSBs.
 Proposal 8: In CFRA/BFRR based on SSB, a PRACH occasion frequency index parameter is included in the RRC configuration. The parameter is shared between the SSBs. 
OSI delivery request
For the request of OSI delivery, a CFRA configuration in RMSI is required. Assuming that different SIBs (or groups of SIBs) can be requested separately, each SIB (or group of SIBs) would be associated with one CFRA configuration containing 
· one preamble offset and 
· one time window. 
The preamble offset would reserve a preamble index for an SSB in relation to the CBRA preamble subset for the SSB, as described above. Note that the same preamble index could be reserved for each SSB, for example if one-to-one mapping between SSB and RACH occasion is configured for CBRA. Also note that the network may respond with OSI delivery only on those beams (SSBs) on which the delivery request was received. Hence, OSI delivery overhead can be minimized.
The time window would define the PRACH time instances during which the reserved preambles may be used for OSI delivery request. By limiting the time during which the preamble(s) is reserved, less PRACH resources are reserved for OSI delivery request. In fact, it may be sufficient with one PRACH transmission occasion per SSB within the time window. 
Proposal 9: Preambles for on-demand OSI request can be allocated in some PRACH occasions used for CBRA (for initial access). A PRACH occasion/preamble per SIB(s) is allocated for each actually transmitted SSB using one preamble index (similar to ra-PreambleIndex). The time instance in which the SIB(s) can be requested is up to RAN2.
Random access following PDCCH order
In [2], RAN2 indicates that they assume that the PDCCH order should contain at least the following fields.
	· Random Access Preamble index – Indicating which Random access preamble to use in case of contention-free random access procedure, or the value 000000 in case of contention-based random access procedure
· BWP index – Indicating which BWP to transmit the Random access preamble on
· SUL indicator – Indicating whether to transmit the Random access preamble on SUL or normal uplink carrier



The proposal below was captured in an offline summary from RAN1 NR_AH 1801, following a brief discusison on the PDCCH order contents.
	Proposed agreement:
· Design of DCI format for PDCCH order is covered by scheduling and HARQ
· Parameters to be included in the PDCCH order
· Random Access Preamble Index
· Alt1: Absolute preamble index: 6-bits
· Alt2: Relative preamble index
· UL/SUL indicator: 1-bit
· UL BWP index
· Carrier ID
· SSB-index/CSI-RS index
· RO mask
· Alt1: UE transmits based on the UE-selected SSB/CSI-RS.
· If the gNB doesn’t know the best beam at the UE.
· Preamble index is reserved on each SSB/CSI-RS.
· Alt2: UE is informed which RO to use
· Needs to know:
· Alt2a: RO mask
· Alt2b: SSB/CSI-RS
· The network provides a relative index in CFRA space of SSB or CSI-RS block for the UE to transmit a preamble
· Alt2c: SSB mask (64-bits to select a subset).



In LTE, the UE is considered to be UL synchronized for a configurable time period after the last UL transmission and subsequent timing advance command is received. This period can be configured to be between 0.5 seconds and 10 seconds. Within such a long time period, the UE might have not only have lost UL timing synchronization, but the beam qualities may have changed significantly, even though the UE hasn’t declared a beam failure. It may be beneficial for UE power consumption and reliability of subsequent messages to let the UE choose SSB for the RACH procedure, at least to some extent. Since there are only few bits available in the DCI, it is not possible to indicate a set of SSBs in the DCI. However, if the UE is already configured with a set of SSBs for beam failure detection, a preamble can be reserved for each of these SSBs. If no such set of SSBs has been configured, a preamble may be allocated for each actually transmitted SSB. To efficiently assign a preamble to multiple SSBs, a relative preamble index can be used, for example as illustrated in Figure 2.
Proposal 10: The UE can be assigned a relative preamble index for a set of SSBs with a PDCCH order. The set of SSBs is not indicated in the DCI, but needs to be pre-configured, e.g. a set of SSBs configured for beam failure detection or by default all actually transmitted SSBs.
After reception of the PDCCH, the UE selects one SSB and proceeds with a normal CFRA procedure. It is sufficient if a single PRACH occasion per SSB is reserved for the UE. In other words, there is a single PRACH transmission opportunity per SSB (in the set), following the PDCCH. The first reserved PRACH occasion comes after a predefined time after the PDCCH reception, as defined in the control channel session.
Proposal 11: The UE is allocated one PRACH transmission opportunity per SSB in the set of SSBs, following the PDCCH order reception.
Conclusions
The following proposals have been made: 
Proposal 1: The agreement from RAN1 NR_AH 1801 is revised so that the number of SSBs per RACH occasion = min(SSB-per-rach-occasion, the number of actually transmitted SSBs) and the value range of SSB-per-rach-occasion is updated according to the table below.
	The number of actually transmitted SSBs per group (G)
	Value range of SSB-per-rach-occasion

	G = 1, 2, 4 or 8
	{1/8, 1/4, 1/2, 1, 2, 4, 8, 16}

	G = 3 or 6
	{1/8, 1/4, 1/2, 1, 2, 3, 6, 12}

	G = 5
	{1/8, 1/4, 1/2, 1, 2, 5, 10, 15}

	G = 7
	{1/8, 1/4, 1/2, 1, 2, 4, 7, 14}


· Note: In FR1, there is only one group with 4 SSBs (0-3 GHz) or 8 SSBs (3-6 GHz)
Proposal 2: Time period for SSB to RO synchronization according to Alt 2, 4 or 5 is adopted.
Proposal 3: For BFRR based on SSB, NR supports configuration of BFRR resources completely overlapping, partly overlapping and disjoint with CBRA resources (for initial access). 
Proposal 4: For CFRA based on CSI-RS, NR supports configuration of CFRA resources disjoint with CBRA resources (for initial access). 
Proposal 5: For BFRR based on SSB, the set of disjoint PRACH occasions are associated to SSBs following the same principles as for CBRA (for initial access). A separate SSB-per-rach-occasion may be optionally configured for this purpose.
Proposal 6: In many SSB to one RACH occasion association, the RRC parameter ra-PreambleIndex allocates a preamble index for SSB as:
· Allocated preamble index for SSB i = Xi + ra-PreambleIndex, where Xi is either 
· Alt.1: the lowest index in the subset of CBRA preamble indices allocated to SSB i, or
· Alt.2: the lowest index after the subset of CBRA preamble indices allocated to SSB i.  
Proposal 7: In CFRA/BFRR based on SSB, the SSBs for which a preamble is allocated is configured by a mask (bitmap) of length 4/8/64 bits for below 3 GHz / 3-6 GHz / above 6 GHz. 
Proposal 8: In CFRA/BFRR based on SSB, a PRACH occasion frequency index parameter is included in the RRC configuration. The parameter is shared between the SSBs. 
Proposal 9: Preambles for on-demand OSI request can be allocated in some PRACH occasions used for CBRA (for initial access). A PRACH occasion/preamble per SIB(s) is allocated for each actually transmitted SSB using one preamble index (similar to ra-PreambleIndex). The time instance in which the SIB(s) can be requested is up to RAN2.
Proposal 10: The UE can be assigned a relative preamble index for a set of SSBs with a PDCCH order. The set of SSBs is not indicated in the DCI, but needs to be pre-configured, e.g. a set of SSBs configured for beam failure detection or by default all actually transmitted SSBs.
[bookmark: _GoBack]Proposal 11: The UE is allocated one PRACH transmission opportunity per SSB in the set of SSBs, following the PDCCH order reception.
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