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Introduction
In this contribution we discuss remaining issues in the random access (RA) procedure in NR. Random access resource configuration is also discussed in [1]. 
The topics below are discussed:
· The configuration of the association between SSBs and subsets RACH occasions (ROs) and subsets of preamble indices (including Group A and B subsets)
· The CORESET and search space for Msg2 PDCCH monitoring
· Random access following PDCCH order
[bookmark: _Ref470328244][bookmark: _Ref485244653]Configuration of Association (CBRA)
Number of SSBs per RACH occasion
In RAN1 NR_AH 1801, the following parameter values for association between SSBs and RACH occasions/preambles were agreed.
	Agreements-1:
· 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-2:
· [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)



The configuration that all actually transmitted SSB are associated to one RO is attractive and minimizes the latency, in particular if msg1-FDM=1. Such a configuration is particularly feasible in FR1 where digital Rx beamforming is likely to be implemented at the gNB, i.e. all gNB Rx beams can be applied to the same RO.
Observation 1: The most important configuration in FR1 (with digital Rx beamforming at gNB) is the association of all actually transmitted SSBs to the same RO since it minimizes latency. 
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, for FR1 the network can configure the following number of actually transmitted SSBs (also in RMSI): {1, 2, 3, 4, 5, 6, 7, 8}. Hence, if the number of actually transmitted SSBs is 3, then specification currently only supports the configuration of SSB-per-rach-occasion ≤ 2, i.e. it is not possible to associate all 3 SSBs to the same RO. The behavior is undefined if SSB-per-rach-occasion = 4. Figure 1 illustrates the issue, assuming 1 RO per PRACH configuration period. With 2 SSBs per RO, the periodicity between ROs corresponding to one SSB is twice the PRACH configuration period. With 3 SSBs per RO, the corresponding periodicity is only one PRACH configuration period.
[image: ]
[bookmark: _Ref510771912]Figure 1 – Illustration of mapping of 3 actually transmitted SSBs to ROs (msg1-FDM=1). In (a), 2 SSBs are mapped to each RO, which gives maximum latency 32 frames between ROs associated with an SSB. In (b), 3 SSBs are mapped to each RO, which gives maximum latency 16 frames between ROs associated with an SSB.


Hence, to clarify the UE behavior if it receives a configuration with SSB-per-rach-occasion >  (the number of actually transmitted SSBs) and to support the important mapping of all actually transmitted SSBs to one RO also for the cases = 3, 5, 6, 7, 9, 10, 12 or 14, we propose the following.
Proposal 1: The number of SSBs per RACH occasion = min(SSB-per-rach-occasion, the number of actually transmitted SSBs).
It is straightforward to configure the preamble subsets (CBRA, Group A, Group B) also for {3, 5, 6, 7, 9, 10, 12 or 14} SSBs per RO, as discussed in section 2.3. The following TP for [2] captures the proposed clarification:
======================== Start of text proposal for section 8.1 in TS 38.213=====================
8.1			Random access preamble
[…] 


[…] A UE is provided a number of SS/PBCH blocks associated with one PRACH occasion by the value of higher layer parameter SSB-perRACH-Occasion. If the value of SSB-perRACH-Occasion is smaller than one, one SS/PBCH block is mapped to 1/SSB-per-rach-occasion consecutive PRACH occasions. If the value of SSB-perRACH-Occasion is greater than the number of transmitted SS/PBCH blocks,, obtained from higher layer parameter SSB-transmitted-SIB1,  SS/PBCH blocks are associated with one PRACH occasion.
[…]
======================== End of text proposal for section 8.1 in TS 38.213=====================
Number of CBRA preambles per SSB per RACH occasion
The following was agreed in RAN1#91 and RAN1#92, respectively:
	Agreements-3:
· The preambles contained within each RACH transmission occasion are indexed from 0 to 63, which is also used for RAPID.
Agreements-4:
· […]
· Regarding the ffs value for parameter numberOfRA-PreamblesGroupA		
· For SSB-per-rach-occasion {1/8, 1/4, ½, 1, 2}: numberOfRA-PreamblesGroupA 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}: numberOfRA-PreamblesGroupA is selected from the set of values N, with N=1, …, floor(64/SSB-per-rach-occasion)
· Note: This denotes the number of GroupARachPreambles per SSB in one RACH occasion


Agreements-2 cited above designs the value range of CB-preambles-per-SSB so that the total number of CBRA preamble in one RACH occasion does not exceed 64. For example, if there is one SSB mapped to each RACH occasion, then the value range of CB-preambles-per-SSB is 4, 8, …, 60, 64. If there are 16 SSBs mapped to each RACH occasion, then the value range of CB-preambles-per-SSB is 1, 2, 3, 4, i.e. the total number of CBRA preambles (combined for all SSBs) in a RACH occasion does not exceed 16*4=64.
Agreements-4 defines the value range for the number of group A preambles per SSB and RACH occasion. It is natural that numberOfRA-PreamblesGroupA has the same value range as CB-preambles-per-SSB, since group A is a subset of all CBRA preambles.
However, section 8.1 in [2] currently contains the following description:
	[…] UE is provided a number of preambles per SS/PBCH block by the value of higher layer parameter cb-preamblePerSSB and the UE determines a total number of preambles per SSB per PRACH occasion as the multiple of the value of SSB-perRACH-Occasion and the value of cb-preamblePerSSB.


Based on previous agreements, it is incorrect that “the UE determines a total number of preambles per SSB per PRACH occasion as the multiple of the value of SSB-perRACH-Occasion and the value of cb-preamblePerSSB”. For example, if there are 16 SSBs associated with each RACH occasion (SSB-perRACH-Occasion=16) and 4 CBRA preambles per SSB (cb-preamblePerSSB=4), this would mean that the UE determines a total number of preambles per SSB per PRACH occasion as 16*4 = 64. Since there are 16 SSB per PRACH occasion, this means that there has to be 1024 preambles available per PRACH occasion, which is not correct (see Agreements-3). This needs to be clarified and corrected.
Proposal 2: The parameter cb-preamblePerSSB indicates the number of CBRA preambles per SSB per RACH occasion.
The following TP for [2] captures the correction:
======================== Start of text proposal for section 8.1 in TS 38.213=====================
[bookmark: _Toc508784686]8.1			Random access preamble
[…] 
[…] The UE is provided a number of preambles per SS/PBCH block per PRACH occasion by the value of higher layer parameter cb-preamblePerSSB and the UE determines a total number of preambles per SSB per PRACH occasion as the multiple of the value of SSB-perRACH-Occasion and the value of cb-preamblePerSSB.
[…]
======================== End of text proposal for section 8.1 in TS 38.213=====================
[bookmark: _Ref510772637]CBRA preamble subsets
As discussed above, RAN1 has previously agreed on the variable (cb-preamblePerSSB) defining the number of preambles for CBRA per SSB per RACH occasion, and its range. The variable (numberOfRA-PreamblesGroupA) defining the number of Group A preambles (also for CBRA) per SSB per RACH occasion and its range has also been agreed. The number of preambles of Group B has not been explicitly agreed, but following the LTE design, the CBRA preambles not in Group A should be in Group B.
Proposal 3: The number of Group B preambles in one RACH occasion is implicitly given by (cb-preamblePerSSB minus numberOfRA-PreamblesGroupA).
Consequently, the value range of the number of Group B preambles in one RACH occasion is between 0 (when cb-preamblePerSSB =numberOfRA-PreamblesGroupA) and cb-preamblePerSSB-K (when numberOfRA-PreamblesGroupA=K), where K=4 for SSB-per-rach-occasion={1/8, 1/4, ½, 1, 2} and K=1 for SSB-per-rach-occasion {4, 8, 16}. Note that K is the smallest number of preambles that can be assigned to Group A.
Furthermore, it has not been clarified exacly which of the 64 preamble indices that are contained in the various subsets. We have the following previous agreements:
	Agreements-5:
· Preamble indices for CBRA and CFRA are mapped consecutively for one SSB in one RACH transmission occasion.
· Association of CFRA preambles with SSBs can be reconfigured through UE-specific RRC signaling.
· Note: this does not preclude the gNB to possibly configure that the number of CFRA preambles per RO is smaller than the number of actually transmitted SSBs configured in RMSI
Agreements-6:
· Confirm the following working assumption
· Working assumption:
· When multiple SS block are associated with one RACH transmission occasion, the preamble indices for CBRA for each SS block are mapped consecutively


Consequently, unless all preambles per RACH occasion are allocated to CBRA, the subsets of CBRA for different SSBs will not be consecutive, as illustrated in Figure 2 below. More specifically, assume that N is the number of SSBs per RACH occasion. Then the subset of CBRA preamble indices P associated with the ith of the N SSBs is 
· P(i) = {pstart(i), …, pstart(i) + (cb-preamblePerSSB-1)}, 
with i=0,…,(N-1). Note that i is not the SSB index, but the only an index among the SSBs mapped to the same RO. The first preamble index of SSB i is 
· pstart(i) = i * floor(64/N).
As in LTE, the numberOfRA-PreamblesGroupA preambles with lowest index can constitute Group A for one SSB and one RACH occasion, while the remaining CBRA preambles, if any, constitute Group B.
· PA(i) = {pstart(i), …, pstart(i) + (numberOfRA-PreamblesGroupA -1)}, 
· PB(i) = {pstart(i)+ numberOfRA-PreamblesGroupA, …, pstart(i) + (cb-preamblePerSSB -1)}
For example, consider the following parameter values (illustrated in Figure 2 below):
· SSB-per-rach-occasion = 2 (N=2)
· cb-preamblePerSSB = 24
· numberOfRA-PreamblesGroupA = 16
This means that pstart(0)=0 and pstart(1)=32, i.e. the CBRA preamble subsets for the 2 SSBs start at preamble index 0 and 32, with the corresponding sets:
· CBRA preambles for 1st SSB (i=0): 
· P(0) = {pstart(0), …, pstart(0) + (cb-preamblePerSSB-1)} = {0,1,…, 23}
· CBRA preambles for 2nd SSB (i=1): 
· P(1) = {pstart(1), …, pstart(1) + (cb-preamblePerSSB-1)} = {32, 33, …, 55}
The corresponding subsets for Group A and Group B:
· Group A preambles for 1st SSB (i=0): 
· PA(0) = {pstart(0), …, pstart(0) + (numberOfRA-PreamblesGroupA -1)} = {0,1,…, 15}
· Group A preambles for 2nd SSB (i=1): 
· PA(1) = {pstart(1), …, pstart(1) + (numberOfRA-PreamblesGroupA -1)} = {32, 33,…, 47}
· Group B preambles for 1st SSB (i=0): 
· PB(0) = {pstart(0), …, pstart(0) + (numberOfRA-PreamblesGroupA -1)} = {16, 17,…, 23}
· Group B preambles for 2nd SSB (i=1): 
· PB(1) = {pstart(1), …, pstart(1) + (numberOfRA-PreamblesGroupA -1)} = {48, 49,…, 55}
[image: ]
[bookmark: _Ref510703996]Figure 2 – Illustration of preamble index subsets within one RACH occasion. For each SSB mapped to the RO, there is one subset for Group A and one (possibly empty) subset for Group B.
Proposal 4: The number of Group B preambles per SSB in one RACH occasion is implicitly given by (cb-preamblePerSSB minus numberOfRA-PreamblesGroupA).
Proposal 5: For the case that N SSBs are associated with one RACH occasion, the subset of cb-preamblePerSSB consecutive CBRA preambles associated with SSB i (i=0, …, N-1) starts from preamble index i*floor(64/N).  
· Of the cb-preamblePerSSB consecutive preamble indices for one SSB in one RACH occasion, the first numberOfRA-PreamblesGroupA preamble indices belong to Group A. The rest, if any, belong to Group B.
Time period for SSB to RO synchronization
In RAN1#92, following working assumption was made.
	Working assumption-7:
· Time period for SSB to RO association is multiple of PRACH configuration periods
· The number of multiple PRACH configuration periods in the time period is the smallest value in the set {1, 2, 4} such that the number is
≥ Actually transmitted SSBs / SSBs that can be mapped to one PRACH config period
· The time period starts from frame 0


During offline discussions, concerns were raised that 4 PRACH configuration periods might not be sufficient for some scenarios in which analog beamforming is used, which means that only one SSB can be associated to the simultaneous ROs. One example is with long formats (e.g. B4) and DL dominant DL/UL configurations (e.g. 2 RACH slots per 2 ms or per 2.5 ms), in which for instance only 40 or 32 SSBs can be associated to 4 PRACH configuration periods. In order support such scenarios, the WA can be updated by adding support for 8 PRACH configuration periods.
Proposal 6: Confirm the WA, with the update in red below.
· Time period for SSB to RO association is multiple of PRACH configuration periods
· The number of multiple PRACH configuration periods in the time period is the smallest value in the set {1, 2, 4, 8} such that the number is
≥ Actually transmitted SSBs / SSBs that can be mapped to one PRACH config period
· The time period starts from frame 0
A corresponding TP for [2] is provided below.
======================== Start of text proposal for section 8.1 in TS 38.213=====================
8.1			Random access preamble
[…] 



[…] The period, starting from frame 0, for the mapping of SS/PBCH blocks to PRACH occasions is the smallest of {1, 2, 4, 8} PRACH configuration periods that is larger than or equal to , where the UE obtains  from higher layer parameter SSB-transmitted-SIB1 and  is the number of SS/PBCH blocks that can be mapped to one PRACH configuration period. 
[…]
======================== Start of text proposal for section 8.1 in TS 38.213=====================
CORESET and Search Space for Msg2 PDCCH
Default CORESET and search space for Msg2 PDCCH
In the specification 38.213 [2], the search space for a DCI format with CRC scrambled by a RA-RNTI is called a Type1-PDCCH common search space (C-SS). Currently, the specification states that if the UE has not been configured with CORESET for RACH and a Type1-PDCCH C-SS, then the UE should use the Type0-PDCCH C-SS: 
	For Type1-PDCCH common search space, a UE can be provided a configuration for a control resource set by higher layer parameter rach-coreset-configuration and a configuration for a search space by higher layer parameter ra-SearchSpace. If higher layer parameter rach-coreset-configuration is not provided to the UE, the control resource set for Type1-PDCCH common search space is the same as for Type0-PDCCH common search space.


For a UE performing CBRA following the configuration in RMSI, it would monitor the Msg2 PDCCH according to the pdcch-ConfigSIB1 in PBCH, in the absence of an explicit configuration of the CORESET and C-SS for Msg2. The PDCCH occasions (monitoring window) associated to a certain SSB according to pdcch-ConfigSIB1 occur every 20 ms (multiplexing pattern 1) or with the SS periodicity (multiplexing pattern 2 or 3), according to section 13 in 38.213 [2]. The RAR window starts at the first PDCCH occasion after the Msg1, as defined in section 8.2 in 38.213:
	
In response to a PRACH transmission, a UE attempts to detect a PDCCH with a corresponding RA-RNTI during a window controlled by higher layers [11, TS 38.321]. The window starts at the first symbol of the earliest control resource set the UE is configured for Type1-PDCCH common search space, as defined in Subclause 10.1, that is at least  symbols after the last symbol of the preamble sequence transmission, where  is defined in [10, TS 38.133].


This means that when pdcch-ConfigSIB1 is used for Msg2 PDCCH monitoring, the delay between Msg1 and start of the RAR window can be up to 20 ms (pattern 1) or up to the SS periodicity (pattern 2 or 3), i.e. up to 160 ms, as illustrated in Figure 3.
Observation 2: For Msg2 PDCCH monitoring (Type1-PDCCH C-SS) based on pdcch-ConfigSIB1 (Type0-PDCCH C-SS), the delay between Msg1 transmission and the start of the RAR window can be up to 20 ms (for RMSI multiplexing pattern 1) or up to the SS periodicity (for RMSI multiplexing patterns 2 or 3).

[image: ]
[bookmark: _Ref510730118]Figure 3 – Illustration of Type0-PDCCH C-SS for a particular SSB i, for multiplexing pattern 1, 2 and 3.
This seems to imply that the network in many cases cannot uniquely address (with RA-RNTI) all Msg1 that may have been transmitted during the time period with no Type0-PDCCH C-SS for SSB i, at least when PRACH configuration period is less than the Type0-PDCCH C-SS periodicity, e.g. when PRACH configuration period is one radio frame.
[bookmark: _GoBack]Observation 3: For Msg2 PDCCH monitoring (Type1-PDCCH C-SS) based on pdcch-ConfigSIB1 (Type0-PDCCH C-SS), RA-RNTI cannot address all ROs, at least for RACH configuration period smaller than the Type0-PDCCH C-SS periodicity.
In other words, it is in many cases necessary to explicitly configure the C-SS for Msg2 PDCCH reception in SIB1.
SIB1-configured CORESET and search space for Msg2 PDCCH
The following was agreed in RAN1#90bis:
	Agreements-8:
· UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg2 are QCL'ed with the SS block that the UE selected for RACH association and transmission 
· UE may assume that the DMRS of PDCCH conveying Msg3 retransmission grant is QCLed with the SS block that the UE selected for RACH association and transmission


The SIB1 configured CORESET is optionally configured in SIB1. This CORESET is optionally configured with one or more TCI states. On the other hand, the UE should assume the Msg2 PDCCH is QCL with the selected SSB, according to Agreements-8 above, which is also captured in 38.213 [2], section 10.1:
	A UE may assume that the DM-RS antenna port associated with PDCCH reception and associated PDSCH reception in the Type1-PDCCH common search space are quasi co-located with the SS/PBCH block identified in initial access procedure or with a received CSI-RS with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters, when applicable.


It could be clarified that the UE can make QCL assumption described above for a Type1-PDCCH C-SS, regardless of the TCI configuration, if any, of the associated configured CORESET.
Proposal 7: UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg2 are QCL'ed with the SS block that the UE selected for RACH association and transmission, regardless of the TCI state configuration in ra-ControlResourceSet, if any.
Alternatively, it could be specified that the UE should not expect a TCI state configuration in ra-ControlResourceSet. The proposal could be captured by the following TP to 38.213 [2]. The text is also updated to use the wording “selected” SSB/CSI-RS, following the terminology in section 5.1.2 in 38.321. The phrase “when applicable” seems to refer to “CSI-RS”, rather than “spatial Rx parameters”, and is therefore moved.
===================== Start of text proposal for section 10.1 in TS 38.213======================
10.1		UE procedure for determining physical downlink control channel assignment
[…] 
A UE may assume that the DM-RS antenna port associated with PDCCH reception and associated PDSCH reception in the Type1-PDCCH common search space are quasi co-located with the selected SS/PBCH block identified in initial access procedure or with a selectedreceived CSI-RS, when applicable, with respect to delay spread, Doppler spread, Doppler shift, average delay, and spatial Rx parameters, when applicable even if higher parameter tci-StatesPDCCH is configured for the associated control resource set.
 […]
===================== End of text proposal for section 10.1 in TS 38.213======================
Random Access Following PDCCH Order
In RAN1#91, the following was agreed.
	Agreements-9:
· PDCCH order can be transmitted in both common and UE specific search space.
· Note: Control session will decide which common search space UE should monitor to receive PDCCH order.
Agreements-10:
· UE assumes that the DMRS of both the received PDCCH order and the PDCCH of the corresponding Msg2 are QCLed with the same SSB/CSI-RS.
· gNB configures 9 bits to indicate RACH occasion index.
· 6 bits are used to indicate an SSB index
· Note: This SSB index is just intended to find the RACH occasion to transmit Msg1
· 3 bits are used to indicate the relative RACH occasion index that corresponds to the indicated SSB index
· Note: UE follows the SSB  CBRA mapping rule to find the specific RACH occasion.
· The SSB/CSI-RS that is QCLed with both the DM-RS of PDCCH order and the DM-RS of the PDCCH of the corresponding Msg2 is used for pathloss estimation associated with Msg1.


Scheme 0: CBRA following PDCCH order
The PDCCH order DCI includes a preamble index to be used for CFRA. RAN2 assumes in the RAN2 LS [3] that preamble index 000000 is used to inform the UE that it shall initiate the CBRA procedure instead. The CBRA following a PDCCH order is analyzed below, based on the outline in Figure 4.
[image: ]
[bookmark: _Ref510638979]Figure 4 – Scheme 0: CBRA procedure following PDCCH order (with preamble index=0)
1. The CONNECTED UE which has lost UL synchronization has received DL data. The gNB transmits the PDCCH order on a search space that the UE monitors on an active DL BWP on PCell/PSCell. It can be a common search space (C-SS) or a UE specific search space (U-SS).
2. The UE transmits Msg1 on the initial active uplink (IAU) BWP.
a. According to the latest status in RAN2, CBRA is only configured in SIB1, i.e. with ROs in the IAU BWP.
b. The UE selects NUL/SUL, RO, preamble index according to the CBRA procedure.
3. The UE monitors Msg2 PDCCH in the Type1-PDCCH C-SS configured by SIB1, using RA-RNTI.
a. Since the UE selects an SSB in step 2 and can assume QCL with the selected SSB in the reception of Msg2 PDCCH, the CORESET associated to the monitored search space should not be configured with a TCI state. If the CORESET has a TCI state, it already defines the QCL assumption for the search space. Therefore, it is typically not possible to use the search space on which the PDCCH order was received. Furthermore, if such a CORESET (without TCI state) would exist on the active DL BWP, if different from IAD BWP, all Msg2 transmissions would have to be duplicated on this search space and the Type1-PDCCH C-SS configured by SIB1, since the gNB doesn’t know which SSB, RO and preamble index the UE selected in step 2.
b. The Msg2 transmission is just like for initial access, which means that the RAR can be multiplexed with other RARs.
4. Msg3 is transmitted in the IAU BWP, just like Msg3 for initial access. The C-RNTI can be included as a MAC CE, as in LTE.
5. If Msg3 is not decoded successfully, a Msg3 retransmission grant is transmitted on the same Type1-PDCCH C-SS as Msg2 PDCCH, using TC-RNTI.
6. Msg3 is retransmitted in the IAU BWP, just like for initial access.
7. Msg4 PDCCH is scheduled on the same Type1-PDCCH C-SS as Msg2 PDCCH, using C-RNTI.
The procedure is summarized in the following proposal.
Proposal 8: As in LTE, CBRA following PDCCH order with preamble index=0 follows the normal 4-step CBRA procedure, as configured in SIB1.
· The same CORESET and Type1-PDCCH C-SS as for initial access is used.
Scheme 1: CFRA following PDCCH order without UE SSB selection
When the preamble index in the PDCCH order DCI is not 000000, then the UE uses the configured RO and preamble index in the DCI using a CFRA procedure. It is described in some more detail below, using the outline in 
[image: ]
Figure 5 – Scheme 1: CFRA procedure following PDCCH order without UE SSB selection (with preamble index ≠ 0)
1. As for scheme 0, except that preamble index ≠ 0.
2. As for scheme 0, except that the UE uses the NUL/SUL, RO and preamble index configured in the DCI.
a. According to the latest status in RAN2 TS 38.331 [4], CFRA only uses the ROs configured in SIB1. Only BFRR is configured with dedicated ROs.
b. A UE with beam correspondence should typically select a UE Tx beam that matches the UE Rx beam used for the reception of the PDCCH order, not based on the SSB index configured in the DCI (which is used only for resource selection).
3. The UE monitors Msg2 PDCCH in the search space where it received the PDCCH order, using the same QCL assumption and using C-RNTI.
The following can be observed.
Observation 3: Current RAN2 status is that CFRA following PDCCH order is transmitted in the ROs that also used for CBRA.
Scheme 2: CFRA following PDCCH order with UE SSB selection
In RAN1#92, two different schemes for RA following PDCCH order were discussed. The first scheme (scheme 1) was agreed as Agreements-10 above, while the discussion on the second scheme (scheme 2) was not concluded. In addition to these two schemes, the CBRA fallback scheme (scheme 0) is supported by setting the preamble index to 0 in the DCI. The CFRA following a PDCCH order with UE SSB selection is analyzed below, based on the outline in .
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Figure 6 - Scheme 2: CFRA procedure following PDCCH order with UE SSB selection (with preamble index ≠ 0)
1. As for scheme 0, except that preamble index ≠ 0. Furthermore, the DCI needs to indicate to the UE that it should use scheme 2 rather than scheme 1, which can be done with one bit. 
2. As for scheme 0, except that the UE uses the NUL/SUL, RO and preamble index configured in the DCI.
a. According to the latest status in RAN2 TS 38.331 [4], CFRA only uses the ROs configured in SIB1. Only BFRR is configured with dedicated ROs.
b. In scheme 2, one preamble index per SSB is reserved. This is achieved with the same 6-bit parameter in the DCI by relative preamble indexing rather than absolute. For instance, preamble index = k means that the UE is assigned the kth preamble index immediately after the subset of CBRA preamble indices for each actually transmitted SSB.
c. Also note that even though the UE selects SSB, the DCI can indicate one RO of the up to 8 ROs associated with each SSB. For example if SSB-per-rach-occasion=8 and RO index in DCI = 5, then only one preamble in the 6th RO is reserved, but for each SSB.
3. The UE monitors Msg2 PDCCH in the Type1-PDCCH C-SS configured by SIB1 (as in scheme 0), but using C-RNTI.
It can be noted that PDCCH order is typically used after a long period of UE inactivity. Even though the PDCCH order can be decoded by the UE, the corresponding channel quality may be have deteriorated significantly since the last time beam management was performed. The reason may be blocking, UE mobility, narrow beams at the gNB, etc. Furthermore, it is well known that coverage is typically limited by the UL rather than by the DL. Hence, it is essential to support PDCCH order with SSB selection at the UE side, for example as a fallback when scheme 1 fails or in scenarios with significant TA differences between different beam pairs.
Both scheme 0 and scheme 2 allow the UE to select which SSB to use for the RA procedure. Scheme 0, however, relies on CBRA with longer latency and less reliability due to the collision risk. Scheme 2, on the other hand, combines the UE-side SSB selection for RA with CFRA, i.e. lower latency and without contention.
Proposal 9: Support CFRA following PDCCH order with UE selection of SSB (scheme 2).
· One bit in DCI indicates if UE may select SSB for RA (scheme 2), or if the UE should use the RS that is QCL with the PDCCH order (scheme 1)
· The SIB1-configured CORESET and Type1-PDCCH C-SS are used for Msg2 PDCCH in scheme 2.
The properties of scheme 0, 1 and 2 are briefly summarized below.


Scheme 0 to 2: Procedure summary
Table 1 summarizes some aspects of the RA procedure in scheme 0, 1 and 2.
[bookmark: _Ref510692014]Table 1 – Random access following PDCCH order in Scheme 0 to 2
	Step
	Scheme 0 (CBRA)
	Scheme 1 (CFRA & QCL with PDCCH order)
	Scheme 2 (CFRA & UE selects SSB)

	PDCCH order
	On a C-SS or U-SS with C-RNTI
	As scheme 0
	As scheme 0

	Msg1
	· On an RO for CBRA (SIB1-configured). 
· UE selects NUL/SUL, SSB, RO, preamble index
	· On an RO for CBRA (SIB1-configured). 
· DCI selects NUL/SUL, SSB, RO, preamble index
	· On an RO for CBRA (SIB1-configured). 
· DCI selects NUL/SUL, RO, preamble index
· UE selects SSB

	Msg2 PDCCH
	SIB1-configured Type1-PDCCH C-SS (RA-RNTI)
	Same as PDCCH order (C-RNTI)
	As scheme 0, but with C-RNTI

	Msg3 PUSCH
	IAU BWP (C-RNTI in MAC CE)
	N/A
	N/A

	Msg3 retransmission grant
	SIB1-configured Type1-PDCCH C-SS (TC-RNTI)
	N/A
	N/A

	Msg4 PDCCH
	SIB1-configured Type1-PDCCH C-SS (C-RNTI)
	N/A
	N/A




Scheme 0 to 2: DCI field comparison
Table 2 summarizes the DCI fields in the PDCCH order and their meanings for scheme 0, 1 and 2.
[bookmark: _Ref510651539]Table 2 – Summary of DCI bit field meanings in Scheme 0 to 2
	Field
	#bits
	Scheme 0
	Scheme 1
	Scheme 2

	Preamble index
	6
	‘000000’
	Other than ‘000000’
	Other than ‘000000’

	SSB index
	6
	not used (follows CBRA)
	Indicates one SSB for resource selection.
	not used (UE selects)

	RO index
	3
	not used (follows CBRA)
	Indicates dedicated RO
	Indicates dedicated RO

	SUL indicator
	1
	not used (follows CBRA)
	Indicates NUL/SUL
	Indicates NUL/SUL

	Scheme 1 or 2 indicator
	1
	not used
	‘0’
	‘1’


Conclusions
The following observations and proposals have been made: 
Observation 1: The most important configuration in FR1 (with digital Rx beamforming at gNB) is the association of all actually transmitted SSBs to the same RO since it minimizes latency. 
Proposal 1: The number of SSBs per RACH occasion = min(SSB-per-rach-occasion, the number of actually transmitted SSBs).
Proposal 2: The parameter cb-preamblePerSSB indicates the number of CBRA preambles per SSB per RACH occasion.
Proposal 3: The number of Group B preambles in one RACH occasion is implicitly given by (cb-preamblePerSSB minus numberOfRA-PreamblesGroupA).
Proposal 4: The number of Group B preambles per SSB in one RACH occasion is implicitly given by (cb-preamblePerSSB minus numberOfRA-PreamblesGroupA).
Proposal 5: For the case that N SSBs are associated with one RACH occasion, the subset of cb-preamblePerSSB consecutive CBRA preambles associated with SSB i (i=0, …, N-1) starts from preamble index i*floor(64/N).  
· Of the cb-preamblePerSSB consecutive preamble indices for one SSB in one RACH occasion, the first numberOfRA-PreamblesGroupA preamble indices belong to Group A. The rest, if any, belong to Group B.
Proposal 6: Confirm the WA, with the update in red below.
· Time period for SSB to RO association is multiple of PRACH configuration periods
· The number of multiple PRACH configuration periods in the time period is the smallest value in the set {1, 2, 4, 8} such that the number is
≥ Actually transmitted SSBs / SSBs that can be mapped to one PRACH config period
· The time period starts from frame 0

Observation 2: For Msg2 PDCCH monitoring (Type1-PDCCH C-SS) based on pdcch-ConfigSIB1 (Type0-PDCCH C-SS), the delay between Msg1 transmission and the start of the RAR window can be up to 20 ms (for RMSI multiplexing pattern 1) or up to the SS periodicity (for RMSI multiplexing patterns 2 or 3).
Observation 3: For Msg2 PDCCH monitoring (Type1-PDCCH C-SS) based on pdcch-ConfigSIB1 (Type0-PDCCH C-SS), RA-RNTI cannot address all ROs, at least for RACH configuration period smaller than the Type0-PDCCH C-SS periodicity.

Proposal 7: UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg2 are QCL'ed with the SS block that the UE selected for RACH association and transmission, regardless of the TCI state configuration in ra-ControlResourceSet, if any.
Proposal 8: As in LTE, CBRA following PDCCH order with preamble index=0 follows the normal 4-step CBRA procedure, as configured in SIB1.
· The same CORESET and Type1-PDCCH C-SS as for initial access is used.
Observation 3: Current RAN2 status is that CFRA following PDCCH order is transmitted in the ROs that also used for CBRA.
Proposal 9: Support CFRA following PDCCH order with UE selection of SSB (scheme 2).
· One bit in DCI indicates if UE may select SSB for RA (scheme 2), or if the UE should use the RS that is QCL with the PDCCH order (scheme 1)
· The SIB1-configured CORESET and Type1-PDCCH C-SS are used for Msg2 PDCCH in scheme 2.
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