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Background

This document summarizes the contributions and offline discussions regarding remaining details on RACH procedure.  Following issues have been discussed:
· SS Block to PRACH transmission time/frequency and preamble index mapping 
· Size of RAPID
· RA-RNTI calculation
· Threshold for SS Block Selection
· Spatial QCL relationship during RACH procedure
· Msg2/Msg3 formats and timeline
· Timing advance (TA) granularity and TA size
· Subcarrier spacing of PDCCH triggered contention free random access procedure
· CORESET monitoring during RACH procedure
· Msg3 transmission parameters
· Signaling of RACH resource configuration
· Other items regarding RAN2’s LS


SS Block to RACH transmission time/frequency and preamble mapping

SSB to RACH transmission time/frequency mapping
Mapping from SS block to RACH transmission time/frequency
· Alt 1: One to one mapping
· Alt 2: Many to one mapping
· Alt 3: One to many mapping

In alternative 1 and 2, RACH transmission occasion is confined to one time/frequency region based on the selected SS block. In alternative 3, UE has the flexibility to select one time/frequency region from multiple ones based on the selected SS block. Fig. 1-3 show these mapping scenarios. The figures have been drawn based on similar figures of [1].
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Figure 1: One to one mapping between SS Block and RACH transmission time/frequency instance
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Figure 2: Many to one mapping between SS Block and RACH transmission time/frequency instance
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Figure 3: One to many mapping between SS Block and RACH transmission time/frequency instance

	Offline agreement: 
· Support one-to-one and many-to-one mapping between SS blocks and RACH transmission occasion.
· FFS: SS Block to RACH preamble index mapping in scenarios where many-to-one mapping between SS blocks and RACH transmission occasion is supported
· FFS: One-to-many mapping between SS block and RACH transmission occasions


Note: following definition of ‘RACH transmission occasion’ was agreed in RAN NR AH1
· For 4-step RACH procedure, a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam 




SSB to RACH preamble mapping
Is SSB to RACH preamble index mapping unique in one-to-one mapping from SSB to RACH transmission occasion?
· Alt 1: Yes
· Alt 2: No 
· Alt 3: Up to Gnb configuration.
Is SSB to RACH preamble index mapping always unique in many-to-one mapping from SSB to RACH transmission occasion?
· Alt 1: Yes
· Alt 2: No 
· Alt 3: Up to Gnb configuration
In alternative 1, RACH preamble index itself conveys the SS block index to gNB.
In one-to-one mapping, through alternative 2, RACH transmission time/frequency conveys the SSB to Gnb [3].  In many-to-one mapping, alternative 2 may be useful if gNB relies on digital beamforming and beam correspondence to obtain the DL Tx beam from the detected preamble [1].
Suggested offline agreement: Down-select from above options for both scenarios.
Ordering of SSB to RACH transmission time/frequency/preamble mapping
SSB to RACH transmission time/frequency/preamble are mapped in the order of:
Alt 1 [4]:
· Increasing cyclic shifts of a root index
· Increasing root index
· Increasing time allocation

Alt 2 [3]: 
· Increasing cyclic shifts of a root index
· Increasing root index
· Increasing subcarrier region
Alt 3 [5]:
Allow two different mapping. For one-to-one mapping between SSB and RACH transmission time/frequency, support:
· Increasing cyclic shifts of a root Zadoff-Chu sequence
· increasing root index 
· increasing NR-RACH preamble time instances within a slot 
· increasing slot index
Note: the last two steps assume that SSB to RACH preamble index mapping is unique in one-to-one scenario.
For many-to-one mapping between SSB and RACH transmission time/frequency, support:
· the available cyclic shifts of a root Zadoff-Chu sequence
· increasing NR-RACH preamble time instances within a slot
· increasing root index
· increasing frequency allocation
· increasing slot index
Alt 4 [7]:
· Increasing cyclic shifts within one root sequence
· Root sequence within one PRACH preamble format
· PRACH preamble formats within a RACH slot and the same PRB allocation
· PRB RACH allocations within a RACH slot
· RACH slots within the RACH slot pattern time interval

Several other alternatives have also been proposed in [1-20]. Suggestion is to discuss these alternatives after agreeing on 2.1 and 2.2.
Size of RAPID

Support of variability regarding the size of RAPID
· Alt 1: Fixed in the spec
· Alt 2: Variable
Ssignaled by the network
Suggested offline agreement: Down-select from above options.
If size of RAPID is fixed, what is the value of RAPID? Most companies prefer 6 bits. But this could also be related to RACH capacity enhancement discussion.
Suggested offline agreement: If RAPID size is fixed in the spec, support [6] bits for RAPID size.

RA-RNTI calculation

RA-RNTI is calculated based on:
· Alt 1: SS block index associated with the RACH preamble in addition to slot index and frequency allocation in which the preamble was transmitted.
· Alt 2: Similar as in LTE. 
· RAPID contains starting slot index and symbol index of RACH transmission
· Alt 3: Similar to LTE. But the time index is defined based on starting slot number and subframe number of RACH transmission
· RAPID contains starting symbol index of RACH transmission
· Alt 4: Similar to LTE. But the time index is defined based on the starting symbol, slot and subframe number of RACH transmission.
· Alt 5: Similar to LTE. But the time index is defined based on RACH occasion index in the radio frame [6]
· Alt 6: 
i. SS block index where SSB index in expressed in an ascending order of actually transmitted SS block associated with the specified RACH occasion. 
ii. Time index is expressed in an ascending order of the specified RACH occasion in time domain.
iii. Frequency index is expressed in an ascending order of the specified RACH occasion in frequency domain.
Comment: RAN2 has agreed in the last meeting that the calculation of RA-RNTI will be decided in RAN2. RAN1 can discuss if down-selection among above alternatives should be decided in RAN1.
Dependency of RA-RNTI on UL carrier index
When more than one UL carriers are available, whether NR RA-RNTI should be a function of UL carrier index? [9] supports this relationship between NR RA-RNTI and UL carrier index. 
Note that, the following agreement happened in the previous meeting [9]:
· For NR UE initial access based on RACH configuration for an SUL carrier 
· RACH configuration for the SUL carrier is broadcasted in RMSI
· The configuration information for the SUL carrier is sufficient for UEs to complete RACH procedure via only that SUL carrier
· In particular the configuration information includes all necessary power control parameters
· The configuration information for the SUL carrier includes a threshold. The UE selects that SUL carrier for initial access if and only if the RSRP measured by the UE on the DL carrier where the UE receives RMSI is lower than the threshold
· If the UE starts its RACH procedure on the SUL carrier, then the RACH procedure is completed with all uplink transmission taking place on that carrier

Comment: Discuss if the dependency of UL carrier index on RA-RNTI needs to be defined in RAN1 or not? If yes, discuss if this dependency is supported.
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Threshold for SS Block selection

Nature of RSRP threshold
Nature of RSRP threshold (whether it is absolute RSRP or relative RSRP with respect to the previously selected SS block) for SS Block selection for RACH (re)transmission during initial access
· Alt 1: Absolute
· Supported by: Qualcomm, Docomo [8], Huawei [9],
· Alt 2: Relative
· Supported by: LGE
Note that, in the last meeting, we made the following agreement, 
“For initial access, threshold for SS block selection for RACH resource association is configurable by network, where the threshold is based on RSRP
· FFS details, including ping-pong effect handling”

Suggested offline agreement: “UE can select an SS block with a filtered RSRP above the threshold for Msg1 (re)transmission.”

Need for additional restrictions on SS Block Selection
[7] has mentioned the following for SS block selection, “Restrict RACH resource selection to ones that are associated to SS blocks that fulfil the cell (re-) selection criteria or threshold.”
Comment: Discuss these restrictions further.
Threshold for SS block/CSI-RS Selection during Handover
The agreement on the use of RSRP for SS block selection during the last meeting focused on initial access. [13] proposes that this should be extended to handover scenarios as well.
Suggested offline agreement: “For handover scenarios, threshold for SS block/CSI-RS selection for both CBRA/CFRA resource association is configurable by network, where the threshold is based on RSRP”
Threshold for SSB/CSI-RS Selection on SUL or common UL
Since supplemental uplink is agreed, there are proposals to configure RSRP threshold and indicated via handover command for CFRA for selecting SSB/CSI-RS RACH on either SUL or common UL [13].
Comment: Discuss above proposal. 

Spatial QCL Relationship during RACH Procedure

RAN1 made the following conclusion in the last meeting:
· FFS Message 2 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying message 2 is QCL'ed with the SS block which the preamble/RACH occasion the UE sent is associated to
· FFS Message 3 is transmitted by the UE assuming that the same Rx beam as was used for PRACH preamble reception by gNB to which the received RAR is associated to
· FFS If there is no beam reporting in RACH message 3, Message 4 PDCCH/PDSCH is received by the UE assuming that the PDCCH/PDSCH DMRS conveying message 4 is QCL'ed with that of Msg 2 
· FFS: If there is beam reporting in RACH message 3
· FFS: If and how beam reporting in RACH message 3 impacts message 4 Tx QCL assumption


Spatial QCL Relationship during Msg2
· Alt 1: UE may assume that the PDCCH DMRS and PDSCH DMRS conveying Msg2 are QCL'ed with the SS block which is associated with the preamble/RACH occasion which the UE sent 
· Supported by: Nokia, Intel, Qualcomm, Samsung
· Alt 2: NR should support QCL association of RAR signals with suitable subsets of SSB transmissions during an SSB burst
· Supported by: Ericsson
Suggested offline agreement: UE may assume that the PDCCH DMRS and PDSCH DMRS conveying Msg2 are QCL'ed with the SS block which is associated with the preamble/RACH occasion that the UE sent 

Spatial QCL relationship during Msg3
Two versions of a similar proposal were proposed by companies.
· DMRS of PUSCH transmitting Msg3 is QCLed with PRACH preamble for which the UE received RAR
· Mentioned by Nokia

· Msg-3 is transmitted by the UE assuming that the same Rx beam as was used for PRACH preamble reception by gNB to which the received RAR is associated to
· Same as the conclusion during the last meeting and mentioned by Intel [10]
Suggested offline agreement: gNB may assume that the DMRS of PUSCH transmitting Msg3 is QCLed with the preamble/PRACH occassion that the UE sent

Spatial QCL relationship during Msg4
Following proposal appeared in [8]
· UE may assume that the PDCCH DMRS and PDSCH DMRS conveying Msg2 are QCL'ed with the SS block which the preamble/RACH occasion the UE sent is associated to
However, several contributions supported beam reporting in Msg3 [3], [11], [12]; whereas several others did not support beam reporting in Msg3 [13]-[16]. Due to this, we suggest the following proposal:
Suggested offline agreement: If there is no beam reporting in RACH message 3, UE may assume that the PDCCH DMRS and PDSCH DMRS conveying Msg4 are QCL’ed with the SS block which is associated with the preamble/RACH occasion that the UE sent
· FFS: If there is beam reporting in RACH message 3
· FFS: If and how beam reporting in RACH message 3 impacts message 4 Tx QCL assumption

Msg2/Msg3 Formats and Timeline

Support of non-slot in Msg2/Msg3
· Alt 1: Mini-slot should not be supported in Rel-15 
· Alt 2: Mini-slot based PDCCH and PDSCH/PUSCH should be supported in NR
· Mentioned by: Ericsson, AT&T
· Alt 3: NR supports mini-slot based PDSCH/PUSCH but only slot based PDCCH transmission 
· Supported by: Qualcomm
· Alt 4: Non-slot based transmission of PDSCH/PUSCH with a minimum CORESET monitoring periodicity [125us] should be specified. 
· Supported by: Huawei
· Alt 5: In Rel-15, slot-based PDCCH and slot/non-slot based PDSCH can be supported for Msg2 and Msg4 transmission only in the LTE-NR co-existence case
· Supported by: Mediatek
Suggested offline agreement: NR supports mini-slot based PDSCH/PUSCH transmission but only slot based PDCCH transmission during RACH procedure in Rel-15
Timeline between Msg2 and Msg3
Following aspects were mentioned regarding time gap between Msg2 and Msg3 in different contributions
· NR supports multiple minimum time gap between Msg2 and Msg3 for different service types [9]
· NR shall discuss whether the maximum TA value among all preamble formats is taken into account when specifying the minimum timing gap between Msg2 reception and Msg3 transmission [6]
· NR supports the gap (expressed in number of slots) between Mg2 reception and Msg3 transmission to depend on numerology [3]
Suggestion is to discuss the minimum time gap between Msg2 and Msg3 after agreeing on other key features. If time does not permit, this should be decided in the next meeting.

Timing Advance 
Timing Advance Granularity
Dependency on the granularity of timing advance on other parameters.
· Alt 1: Depends on tone spacing of both Msg1 and Msg3
· Supported by: Ericsson
· Alt 2: Depends on tone spacing of Msg3
· Supported by: CATT
· Alt 3: Depend on RACH preamble format
· Supported by: Samsung
· Alt 4: Depends on tone spacings of Msg1
· Supported by: Nokia
· Alt 5: Does not depend on tone spacing and/or RACH preamble format
Suggested proposal: Down-select among above options
Note that timing accuracy can be worse than timing granularity.
Size of TA Command
· Alt 1: 12 bits
· Objective is to increase supportable cell size (proposed by Nokia)
· Alt 2: 11 bits
· Supported by: Samsung, [CATT]
· CATT mentions that RAN1 should discuss if there is a need to support higher cell sizes and comments higher cell size can be supported by changing TA granularity, too
· Alt 3: 5 bits for PRACH format A0, A1 and B1, and 11 bits for remaining NR-PRACH formats
· Supported by: Ericsson
Suggested offline working assumption:
Size of TA command is 11 bits.
· FFS: If size of TA command needs to increase to cover higher cell sizes or decrease for some PRACH formats.

Subcarrier spacing of PDCCH triggered CFRA procedure

Subcarrier spacing of Msg1 of PDCCH triggered CFRA.
· Same as SCS of Msg1 for CBRA
· Supported by: Intel, CATT
Suggested offline agreement: SCS of Msg1 of PDCCH triggered is same as that of Msg1 for CBRA
Subcarrier spacing of Msg2 of PDCCH triggered CFRA
· Alt 1: Same as SCS of Msg2 for CBRA
· Supported by: Intel
· Alt 2: The same as the SCS of the PDCCH order
· Supported by: CATT
· Alt 3: Configured in the PDCCH order
· Supported by: CATT
Suggested offline agreement: Down-select from above three options



CORESET monitoring during RACH procedure

CORESET for monitoring RAR
· Alt 1: CORESET for monitoring RAR is same as that of RMSI
· Alt 2: CORESET for monitoring RAR is same as that of RMSI apart from CORESET periodicity of RAR
· CORESET periodicity of RAR may need to be configured in RMSI 
· Alt 3: CORESET for monitoring RAR is different from that of RMSI
· Note: This is especially applicable if summation of SSB and RMSI CORESET’s BW are not confined within minimum UE bandwidth but if some companies prefer this restriction for RAR CORESET
Suggested offline agreement: Down-select from above options.
CORESET for monitoring the PDCCH for Msg3 retransmission
· Alt 1: Same as the CORESET used for RAR
· Alt 2: CORESET is configured in RAR
Suggested offline agreement: CORESET for monitoring the PDCCH for Msg3 (re)transmission is same as the RAR CORESET. 

 CORESET for monitoring the Msg4 reception
· Alt 1: Same as the CORESET used for RAR
· Alt 2: CORESET can be configured differently from RAR and from the PDCCH for Msg3 (re)transmission
· Alt 3: CORESET is same as the PDCCH for Msg3 (re)transmission and but can be configured differently from RAR
Suggested offline agreement: Down-select from above options.

Msg3 Transmission Parameters

HARQ Retransmission of Msg3
Following proposal was mentioned in [7], “NR supports asynchronous adaptive HARQ retransmissions for RACH message 3.” 
Suggested offline agreement: NR supports asynchronous adaptive HARQ retransmissions for RACH message 3. 
Both [4] and [14] mentioned that that the HARQ process ID for Msg3 PUSCH retransmission can be fixed in the spec. [4] further proposed to fix the HARQ process ID as 0 index.
Suggested offline agreement: 
HARQ process ID for Msg3 PUSCH retransmission is fixed in the spec.
· HARQ process ID for Msg3 PUSCH retransmission is fixed as 0 index.

Signaling of RACH Resource Configuration

· Alt 1: Support only semi-static signaling of RACH resource configuration
· Alt 2: Support dynamic indication signaling of RACH time-frequency resource configuration in addition to semi-static signaling [21]
Suggested offline agreement: Down-select from above options.

Other Items regarding reply to RAN2’s LS [20]


Reply regarding size of Uplink Grant Field
Q2 in RAN2 LS: What is the size of the Uplink grant field?
[14] proposes the following answer, “RAN1 is still discussing resource allocation in general, so it is FFS for the size of the uplink grant field.”
Suggested offline agreement: confirm above reply.


 Reply regarding Temporary C-RNTI
Q4 in RAN2 LS: What is RAN1's preferred size of the Temporary C-RNTI?
[14] proposes the following answer: It is RAN1 understanding that network identifiers are determined by RAN2 and the temporary C-RNTI is no different. RAN1 considers [16] bits should be sufficient for the temporary C-RNTI. 
Suggested offline agreement: confirm above reply.
Reply regarding Additional Field
Q6 in RAN2 LS: Has RAN1 agreed to add any additional fields (in RAR)?
[14] proposes the following answer: No. RAN1 has not agreed so far on the need for any additional fields.
Suggested offline agreement: RAN1 is currently discussing need for additional fields but has not agreed to it yet.
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