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1. Introduction
The followings are RACH procedure related agreements made in RAN1 #90bis.
	
Agreements:
· Let X be the number of PRACH transmission occasions in the RACH configuration period which are associated (by the SSB to RACH resource association rule) with the actually transmitted SS blocks in the SS burst set period.
· X can be greater than, equal to or smaller than the number of actually transmitted SS blocks in the SS burst set
Agreements:
· For contention-based random procedure, after the UE selects one PRACH transmission occasion for Msg1 transmission, the UE is not allowed to select another one before the expiration of RAR window for the same Msg 1 transmission in Rel-15
Agreements:
· NR supports both slot based PDCCH, PDSCH and PUSCH, and non-slot based PDSCH/PUSCH transmissions for Msg2/Msg3/Msg4 transmission
· For the non-slot based transmission, 2, 4 and 7 OFDM-symbol durations for the PDSCH/PUSCH is supported
· FFS the handling of PDCCH for non-slot based transmissions
· FFS Time gap during RACH procedure applied to non-slot based transmissions
· Note: Whether to support simultaneous uplink transmission of slot and non-slot based transmission from UE’s perspective will be finalized in the control channel session

Agreements:
· Bit field length of RAPID is fixed in the spec.
· (working assumption) Bit field length of RAPID is 6 bits.
· RAN1 is discussing if 8 bits should be considered for bit field length of RAPID
· FFS the impact of SUL
· FFS: How RACH occasion is conveyed to UE

Agreements:
· Maximum size of TA command for RAR is 12 (as a working assumption) bits.


Agreements:
· Assuming N preamble indices are available in one RACH transmission occasion:
· If only one SSB is mapped to only one RACH transmission occasion, each RACH transmission occasion has preamble index 0 to N-1
· FFS other cases
Agreements:
· If many SSBs are mapped to one RACH transmission occasion, NR supports at least a mapping from different SSBs to non-overlapping subsets of RACH preamble indices within one RACH transmission occasion.
· FFS: Mapping to overlapping subsets

Agreements:
· 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
Agreements:
· If there is no beam reporting in RACH message 3, UE may assume that the DMRS of PDCCH and the DMRS of PDSCH conveying Msg4 are QCL’ed with the SS block that the UE selected for RACH association and transmission
· FFS: Whether to support beam reporting in Msg3
· FFS: If and how beam reporting in RACH message 3 impacts message 4 Tx QCL assumption
Agreements:
· NR supports asynchronous adaptive HARQ retransmissions for RACH message 3.


Agreements:
· HARQ process ID for Msg3 PUSCH retransmission is fixed in the spec.
· HARQ process ID for Msg3 PUSCH retransmission is fixed as 0 index.
Agreements:
· SCS of Msg1 of PDCCH triggered CFRA is same as the SCS of Msg1 of contention based random access

Agreements:
· NR supports gNB configuring the number of preambles for actually transmitted SS blocks.
· FFS: Same value for all SS blocks or different value for different SS blocks
· 
Agreements:
1. For contention based RACH, support the same number of PRACH preambles for all actually transmitted SS blocks.
1. FFS: Same/different number of PRACH preambles for SS blocks in CFRA.

2. Support following values for the configuration of the number of PRACH preambles for CBRA per SSB:
1. 4 * N (where 1 <= N <= 16)
1. FFS: 0, 1, 2, 3, 5, 6, 7, 10, 14, 18, 22, 26, 30, values greater than 64
1. FFS: different granularity for different number of PRACH preambles for CBRA and CFRA per SSB

3. Preamble indices not used for CBRA in a RACH occasion can be reserved for CFRA as in LTE.
1. Note: Consider dividing the total number of preambles per SSB into two parts: one for CBRA and the other for CFRA if the total number of preambles per SSB is configured.
1. Note: How to use preamble indices not used for CBRA in a RACH occasion is entirely up to the network.

Agreements:
· For ZC type RACH preamble sequence, if only one SSB is mapped to only one RACH transmission occasion,
· RACH preamble indices are in order of:
· Increasing cyclic shifts of a root index and then
· Increasing logical root index
Proposals:
· NR down-selects from following options:
· Alt 1: Preamble indices for CBRA and CFRA for one SSB are mapped consecutively in one RACH transmission occasion.
· Alt 2: Preamble indices for CBRA and CFRA for one SSB are not mapped consecutively in one RACH transmission occasion

Agreements:
1. Following RRC parameters related to RACH configuration are agreed: 
0. High speed flag: 
0. Range of values: {0, 1, 2}
0. Prach-ConfigIndex: 
1. Range of values: [{0,1,..,255}]
0. RootSequenceIndex: 
2. Range of values: 
0. For long sequence: {0,1,…,837}
0. For short sequence: {0,1,…,137} 
0. RSRP-ThresholdSSBlock 
3. Range of values is FFS
0. RSRP-ThresholdSUL 
4. Range of values is FFS
0. ZeroCorrelationZoneConfig 
5. Range of values: {0,1,..,15}
0. Msg3Waveform 
6. Range of values: {0, 1}
6. Note: Index 0 and 1 refer to CP-OFDM and DFT-s-OFDM respectively
0. PreambleInitialReceivedTargetPower 
7. Range of values is FFS
1. Companies are encouraged to comment on the range of values that are mentioned FFS above

Agreements:
1. Following RRC parameters related to RACH configuration are FFS 
0. Parameters related to the email discussion [90b-NR-07], i.e., the ones that are related to mapping between SSB and PRACH transmission occasions and preambles
0. Parameters related to the mapping between CSI-RS and PRACH transmission occasions and preambles
0. prach-Msg1SequenceLength 
2. Range of values: {139,839}
0. prach-Msg1SubcarrierSpacing 
3. Range of values: {15, 30} or {60, 120} kHz
3. Note: SCS is only needed for the short sequence. The long sequence SCS is determined by the preamble format.
0. prach-StartingSymbolIndex 
4. Range of values: {0, 2}
0. prach-EndSymbolIndex 
5. Range of values: {11, 12, 13}
0. prach-PreambleFormat 
6. Range of values for long sequence: {0, 1, 2, 3}
6. Range of values for short sequence: {A1/B1, A2/B2, A3/B3, B4, C0, C1, [A0, A1, A2, A3, B1]}
6. Note: Formats A0, A1, A2, A3 are currently FFS
6. Note: One proponent prefers to support format B1 
0. prach-FreqOffset 
7. Note: parameters should be decided after initial active UL BWP discussion
0. ra-PreambleIndexConfig
0. Masks for RACH resources and/or SSBs
0. Number of PRACH transmission occasions FDMed in one time instance 
10. Note: Parameters may be decided after initial active UL BWP discussion
0. Msg3 tone spacing 
11. Note: Decision may depend on initial active UL BWP discussion
0. zeroCorrelationZoneConfigDedicated
0. rootSequenceIndexDedicated
0. ra-ResponseWindowSize
0. RACH CORESET configuration
0. prach-ConfigIndexDedicated

Agreements:
· NR supports RACH configuration in RMSI containing 1 bit to convey SCS of Msg3
· In sub-6 GHz, subcarrier spacing of Msg3 can be either 15 or 30 kHz 
· In over-6 GHz, subcarrier spacing of Msg3 can be either 60 or 120 kHz

Agreements:
1. Maximum size of TA command for MAC-CE is 6 (as a working assumption) bits.
2. 	For the timing advance in MAC-CE, its granularity depends on: 
a.     Subcarrier spacing of the UL BWP in the TAG that the TA in MAC-CE applies to, if there is only one configured UL BWP in the TAG, as shown in Table 1.
b.     Following alternatives for multiple configured UL BWPs in a the TAG:
                                               i.     Alt 1: Maximum Subcarrier spacing of all semi-statically configured UL within the TAG, e.g., UL BWP, SUL, CC
                                             ii.     Alt 2: Maximum SCS of all activated UL BWPs within the TAG
                                            iii.     Alt 3: TA command or additional field in MAC-CE explicitly indicates the TA granularity used 
                                            iv.     Other alternatives are not precluded.

2.      Table I. Granularity of 6 bits TA command for the case of single UL BWP
	Subcarrier Spacing (kHz) of current UL BWP
	Unit 

	15
	16*64 Ts

	30
	8*64 Ts

	60
	4*64 Ts

	120
	2*64 Ts



Note: Ts = 1/(64*30.72*106) seconds.

Agreements:
1. The numerology of the initial active UL BWP is the same as the numerology of Msg3 PUSCH configured in RMSI. 
1. For paired spectrum, the frequency position of the initial active UL BWP can be configured in RMSI. 
1. FFS how to indicate the frequency position 
1. For unpaired spectrum, initial active DL and initial active UL BWP share the same center frequency.
1. For SUL, the frequency position of the initial active UL BWP can be configured in RMSI.
1. The bandwidth of the initial active UL BWP can be configured in RMSI.

Agreements:
1. UE minimum Tx bandwidth is defined as the largest bandwidth that all UEs must support regardless of UE capability. 
0. Note: The UE minimum Tx bandwidth will be finally determined by RAN4. 
1. Bandwidth of the initial active UL BWP is equal to or narrower than UE minimum Tx bandwidth.

Agreements:
1. At least a single initial active UL BWP configured per cell-defining SSB is supported from UE’s perspective. 
1. When SUL is configured, an additional initial active UL BWP for SUL can be independently configured.

Agreements:
1. FFS whether all FDMed PRACH transmission occasions configured by RMSI are confined within the initial active UL BWP or not.
1. The transmission of PUSCH for Msg.3 and the transmission of PUCCH for Msg.4 HARQ feedback are confined within the initial active UL BWP.




This contribution discusses remaining details regarding random access procedures.

2. Dedicated RACH resource

In the RAN1 NR Adhoc#2, there was a LS from RAN2 which states that the handover command can include:
· A set of dedicated RACH resources (RAN2 understand this could be time/frequency/sequence but decision is up to RAN1), etc.).
· Association between RACH resources and SS blocks.
· Association between RACH resources and CSI-RS configuration(s), if RAN1 conclude that such association is possible.
The motivation of the inclusion of a set of dedicated RACH resources is to reduce the handover interruption time. Handover interruption time reduction is one of the main requirements for NR. Non-contention random access procedure is already being used in LTE where dedicated preamble is assigned during the handover command. However, in order to further reduce the handover interruption time, assigning dedicated time and frequency resources for non-contention random access in handover chase can be justified.
In RAN2, there has been quite many discussions on dedicated RACH and they reached to some agreements on dedicated RACH as shown below.

RAN2 #AH2: 
· The handover command includes all necessary parameters (at least new C-RNTI, target gNB security algorithm identifiers, and optionally a set of dedicated RACH resources (RAN2 understand this could be time/frequency/sequence but decision is up to RAN1), etc.).
RAN2 #99
· RAN2 understanding is that the network can have dedicated RACH configurations associated to the SS Block(s) and/or have dedicated RACH configurations associated to CSI-RS(s) within a cell.
· The target gNB is able to include one of the following RACH configurations in the mobilityControlInfo to enable the UE to access the target cell: i/ Common RACH configuration, ii/ Common RACH configuration + Dedicated RACH configuration associated with SS-Block or iii/ Common RACH configuration + Dedicated RACH configuration associated with CSI-RS. (List of options to be revised if common RACH is concluded to be optional based on above FFS.) 
 (Simultaneously including in the mobilityControlInfo a dedicated RACH configuration associated with SS-Block and a dedicated RACH configuration associated with CSI-RS is not supported.)
RAN2 #99bis
· Dedicated RACH resources (if provided) where the beam quality measured on the associated NR-SS or CSI-RS is above a threshold are prioritized. Common NR-SS threshold and a dedicated NR-SS/CSI-RS threshold, if required, is configured in handover command.
· The order to access the dedicated RACH resources is up to UE implementation 
· UE shall not switch to contention-based RACH resources if there are dedicated RACH resources fulfilling the quality threshold specified above

Based on the situation that dedicated RACH was initiated and agreed by RAN2 and RAN1 needs inputs on how to define the resource for dedicated RACH from RAN1. RAN1 is suggested to discuss and conclude the resource configuration for dedicated RACH and provide to RAN2.

During the email discussion on RACH RRC parameters, prach-ConfigIndexDedicate was proposed for the configuration of dedicated RACH resource. This needs to include the follosing parameters
· Associated signal: SSB or CSI-RS
· Set of SSB (CSI-RS) indexes for multi-beam case
· PRACH format: 0, 1, 2, 3, A1/B1, A2/B2, A3/B3, B4, C0, C2  can be same as cell-common PRACH
· Frequency resource: starting PRB
· Time resource: BITMAP of 10 slots and number of repetitions
· Preamble index

Other parameters can be identical to the cell-common RACH configuration which is also provided by the handover command message, e.g., Root sequnece index, preamble initial received target power, etc.
Proposal 1:
· Define the resource for dedicated RACH and provide to RAN2
· At least following information has to be included in dedicated RACH resource configuration: prach-ConfigIndexDedicate
· Associated signal: SSB or CSI-RS
· Set of SSB (CSI-RS) indexes for multi-beam case
· PRACH format: 0, 1, 2, 3, A1/B1, A2/B2, A3/B3, B4, C0, C2 (possibly same as cell-common PRACH)
· Frequency resource: starting PRB
· Time resource: BITMAP of 10 slots and number of repetitions
· Preamble index

3. RA-RNTI for PRACH

In LTE, RA-RNTI can be defined in [6] such that
	The RA-RNTI associated with the PRACH in which the Random Access Preamble is transmitted, is computed as:
RA-RNTI= 1 + t_id+10*f_id
Where t_id is the index of the first subframe of the specified PRACH (0≤ t_id <10), and f_id is the index of the specified PRACH within that subframe, in ascending order of frequency domain (0≤ f_id< 6).



This RA-RNTI value is only valid if there is only one PRACH instance inside one slot (subframe in LTE terminology). However according to the previous agreement, for the PRACH of L=127/139 there can be multiple PRACH instances inside one slot and the RA-RNTI can be defined differently. Possible way is to include the OFDM symbol number inside the configured PRACH slot.
RA-RNTI= 1 + p_id  + 14*(t_id+10*f_id)
Where p_id is the index of the first OFDM symbol of the specified PRACH (0≤ p_id <14), t_id is the index of the first slot of the specified PRACH (0≤ t_id <10 assuming 15kHz SCS), and f_id is the index of the specified PRACH within that slot, in ascending order of frequency domain (0≤ f_id< 6). Note that the exact equation on RA-RNTI can be specified in RAN2 MAC specification as is in LTE  The range of i_id can dependent on the subcarrier spacing, e.g., 0≤ t_id <20 for 30kHz SCS, 0≤ t_id <40 for 60kHz SCS, and 0≤ t_id <80 for 120kHz SCS. And p_id is always zero for PRACH format 0/1/2/4 since the first OFDM symbol is always index 0 of a slot.
Proposal 2:
· RA-RNTI calculation should be based on ODFM symbol index inside a slot in addition to the slot index and PRB index of the PRACH resource

4. RACH with BWP

There was some discussions on the initial active UL bandwidth part and it is currently FFS whether all FDMed PRACH transmission occasions configured by RMSI are confined within the initial active UL BWP or not. This depends on the minimum UE Tx bandwidth which is defined by RAN4 and the maximum number of PRACH occassions FDMed in a same slot. If the minimum UE Tx bandwidth is larger than the BW of the maximum number of FDMed PRCH, then it is proposed that all FDMed PRACH transmissions occasions are configured within the initial active UL BWP.
Another remaining issue is whether the associated RACH resource has to be reconfigured if the UL active bandwidth part is changed. For the simple operation, it is preferred that if a new active UL BWP is configured for a UE, new PRACH which is associated with the new UL active BWP is to be configured for the UE. So, From UE perspective, the PRACH resource can be configured per the active UL BWP but from NW perspective, the PRACH configured for new active BWP can be either same as or different from the PRACH configuration of the previous BWP depending on the BWP management by the network.
If the active BWP changes either in UL or DL or both, the common search space in the active DL BWP has to be used for the transmission of the scheduling PDCCH of Msg-2/3/4. Table 1 shows the possible operation on the common search space for vairous cases of BWP changes.
[bookmark: _Ref498707266][bookmark: _GoBack]Table 1, common search space for RACH Msg-2/3/4 depending on BWP changes
	DL
	UL
	Common search space operation

	BWPDL1  BWPDL2
	BWPUL1 
	For CFRA, scheduling PDCCH for MSG-2 can be transmitted only through CSS of BWPDL2
For CBRA, scheduling PDCCH for MSG-2/3/4 may need to be transmitted through both CSSs of BWPDL1 and BWPDL2

	BWPDL1 
	BWPUL1  BWPUL2
	For CFRA, scheduling PDCCH for MSG-2 can be transmitted only through CSS of BWPDL1
For CBRA, scheduling PDCCH for MSG-2/3/4 may need to be transmitted through both CSSs of BWPDL1 and BWPDL2

	BWPDL1  BWPDL2
	BWPUL1  BWPUL2
	For CFRA, scheduling PDCCH for MSG-2 can be transmitted only through CSS of BWPDL2
For CBRA, scheduling PDCCH for MSG-2/3/4 can be transmitted only through CSSs of BWPDL2 



Proposal 3:
· All FDMed PRACH transmissions occasions are configured within the initial active UL BWP if the BW of them is not larger than the minimum UE Tx bandwidth
· If new active UL BWP is configured for a UE, new PRACH which is associated with the new UL active BWP is to be configured for the UE
5. Conclusions
In this contribution we have discussed some open issues regarding random access procedures. We have the following proposals based on discussions above:

Proposal 1:
· Define the resource for dedicated RACH and provide to RAN2
· At least following information has to be included in dedicated RACH resource configuration: prach-ConfigIndexDedicate
· Associated signal: SSB or CSI-RS
· Set of SSB (CSI-RS) indexes for multi-beam case
· PRACH format: 0, 1, 2, 3, A1/B1, A2/B2, A3/B3, B4, C0, C2 (possibly same as cell-common RACH)
· Frequency resource: starting PRB
· Time resource: BITMAP of 10 slots and number of repetitions
· Preamble index

Proposal 2:
· RA-RNTI calculation should be based on OFDM symbol index inside a slot in addition to the slot index and PRB index of the PRACH resource


Proposal 3:
· All FDMed PRACH transmissions occasions are configured within the initial active UL BWP if the BW of them is not larger than the minimum UE Tx bandwidth
· If new active UL BWP is configured for a UE, new PRACH which is associated with the new UL active BWP is to be configured for the UE
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