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At the RAN1#90bis meeting and in email discussion after that, random access procedure was discussed and RAN1 made following agreements [1].
	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
· LS to send to RAN2 – Nazmul (R1-1719036), which is endorsed and approved in R1-1719214

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:
· 4 * N (where 1 <= N <= 16)
· FFS: 0, 1, 2, 3, 5, 6, 7, 10, 14, 18, 22, 26, 30, values greater than 64
· 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

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

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

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:
· (Working assumption) For the timing advance in RAR, its granularity depends on:
· Subcarrier spacing of the first uplink transmission after RAR
· Supported by: Ericsson, CATT, Mediatek, ZTE, Sanechips, Huawei, Hisilicon, Qualcomm, LGE, Docomo

Table 3. Granularity of [12] bits TA command 
	Subcarrier Spacing (kHz) of the first uplink transmission after RAR
	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. 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.




In this contribution, we discuss on remaining issues of random access procedure.

2. DL BWP and CORESET after Msg.1
RAN1 already agreed that additional CORESET can be configured by RMSI for PDCCH for random access. If not configured by RMSI, the CORESET configuration for random access is same as that configured by PBCH. Also, initial active DL BWP is defined based on the bandwidth of CORESET configured by PBCH. Here, there is one open issue that we need to clarify whether CORESET configured by RMSI is confined within initial active DL BWP. We assume that bandwidth of initial active DL BWP would be configured as wide enough, e.g., near UE minimum BW or carrier BW. In such case, CORESET configured by RMSI can be confined with initial active DL BWP so that RF retuning for RACH after RMSI reading is not necessary. Furthermore, it is still unclear whether Msg.2/4 is confined within initial active DL BWP. Since CORESET configured by RMSI should be confined within initial active DL BWP as above, Msg.2/4 should also be confined within initial active DL BWP. 
Proposal 1: CORESET configured by RMSI, Msg.2 and Msg.4 should be confined within initial active DL BWP.

3. The range for the number of preambles 
3.1. Indication of number of preambles
In our view, two parameters as shown in Table I should be configured as indication of number of preambles. Also, number of PRACH preambles per RACH occasion is fixed as 64, which is derived by logical root index and cyclic shifts of a root index. Regarding parameter I, if the value is less than 64, multiple SSBs are associated with single RACH occasion. If the value of parameter I is equal with 64, single SSB is associated with single RACH occasion. If the value of parameter I is more than 64, single SSB is associated with multiple RACH occasions at least in frequency domain. For example, if the value of parameter I is 4, 16 SSBs can be associated with single RACH occasion. On the other hand, if the number of PRACH premables per SSB is 256, single SSB can be associated with 4 RACH occasions, e.g., FDMed. In addition, parameter II is necessary for allocation of preamble index for CBRA and CFRA. The values of parameter II can be considered based on the values supported in LTE, but configurable values of parameter II is limited by the configured value of parameter I. Thus, the finer granularity of the values of parameter II can be defined if the configured value of parameter I is small.
Proposal 2: Number of PRACH preambles per RACH occasion is fixed as 64.
Proposal 3: Following two parameters should be indicated in RMSI.
· Number of PRACH preambles per SSB for both CBRA and CFRA except for CFRA with dedicated resource
· Number of PRACH preambles for CBRA per RACH occasion per SSB
Table I – Parameters for indication of number of preambles
	Parameter
	Value

	Parameter I:
Number of PRACH preambles per SSB for both CBRA and CFRA except for CFRA with dedicated resource
	{4, 8, 16, 32, 64, 128, 192, 256}

	Parameter II:
Number of PRACH preambles for CBRA per RACH occasion per SSB
	{1, 2, 3, 4} if parameter I = 4
{2, 4, 6, 8} if parameter I = 8
{4, 8, 12, 16 } if parameter I = 16
{4, 8, 12, 16, 20, 24, 28, 32} if parameter I = 32
{4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64} if parameter I >= 64

	Number of PRACH preambles per RACH occasion
	64 (fixed)



3.2. Same or different number of PRACH preambles for SS blocks for CFRA
Based on the proposals in section 3.1, number of PRACH preambles per RACH occasion, i.e., 64, is divisible by number of PRACH preambles per SSB per RACH occasion. Also, RAN1 already agreed that NR supports the same number of PRACH preambles for all actually transmitted SS blocks for CBRA, and preamble indices not used for CBRA in a RACH occasion can be reserved for CFRA. In such case, the number of PRACH preambles for all actually transmitted SS blocks for CFRA is naturally same.
Proposal 4: NR supports same number of PRACH preambles for all actually transmitted SS blocks for CFRA.

4. Mapping rule for association between SS block and RACH occasions/preamble indices
4.1. Mapping order
First, mapping from first SS block to first RACH occasion is performed based on parameter I in section 3.1, i.e., increasing preamble indices in first RACH occasion. If number of PRACH preambles in first RACH occasion is insufficient, UE performs mapping to second RACH occasion frequency domain multiplexed with first RACH occasion if any. Here, we assume that the number of available RACH occasions that are multiplexed in frequency domain is indicated in RRC signalling, e.g., RMSI. If the number of PRACH preambles in all RACH occasions multiplexed in frequency domain is insufficient, remaining PRACH preambles are mapped to next time index of RACH occasions. On the way, if UE finishes mapping from first SS block based on parameter I, mapping from next SS block is continued until mapping from last SS block is finished. 
Proposal 5: NR supports following mapping order from actually transmitted SS blocks to RACH occasion/preamble index.
i. Increasing preamble indices in single RACH occasion and then
ii. Increasing the number of frequency multiplexed RACH occasions and then
iii. Increasing the number of time multiplexed RACH occasions

4.2. Mapping rule flag
For above 6 GHz, we should consider gNB implementation with analogue beamforming. In analogue beamforming case, different SS blocks should be mapped to different RACH occasions in time domain due to constraint of gNB Rx beam for Msg.1 reception. Therefore, NR should support mapping rule flag for such case and then if the flag is set to true, different SS blocks are mapped to different RACH occasions in time domain i.e., when starting mapping from next SS block, time index of RACH occasion is increased even if available preambles still remain in the time region.
Proposal 6: NR supports mapping rule flag which indicates that different SS blocks are mapped to different RACH occasions in time domain, i.e., when starting mapping from next SS block, time index of RACH occasion is increased.

5. RAR
5.1. RA-RNTI calculation
In NR, multiple RACH occasions in time domain can be located within a slot, and then RARs corresponding to these RACH occasions should be distinguishable by RA-RNTI and/or RAR contents since RAR windows corresponding to such multiple RACH occasions can be overlapped. Regarding time index in RA-RNTI calculation, following options can be considered.
RA-RNTI is computed based on
Option1: the SS block index associated with the RACH preamble and slot index within the subframe
Option2: the symbol index and slot index within the subframe
Option3: RACH occasion index within the subframe
Granularity of time index in option1 and 3 is variable since it depends on the number of SS blocks or time duration of preamble format, respectively. Also, the range in time domain which is distinguishable by RA-RNTI calculation needs to meet maximum RAR window size so that each RAR corresponding to different RACH occasions can be distinguished. Thus, if the granularity of RA-RNTI calculation is variable as in option1 and 3, the range of RNTI values that have to be reserved for RA-RNTI is also variable and it is not preferable. Additionally, in case of option1, if multiple RACH occasions in time domain are associated with single SS block, additional method is needed to distinguish them. Therefore, RA-RNTI calculation should be defined in symbol level granularity as in option2, which can meet minimum time duration of preamble format, in order to fix the required range of RNTI values for efficient use of RNTI values. 
Proposal 7: RA-RNTI calculation is defined as below.
RA-RNTI = 1 + symbol index + slot index * number of symbols within slot + frequency index * number of slots within maximum RAR window duration * number of symbols within slot

5.2. RAR window size
According to previous agreement, starting timing of RAR window in NR is about 3ms earlier than that in LTE. However, actual transmission timing of RAR would be later depending on gNB capability, and some gNBs may not be able to transmit RAR until 3ms after the end of preamble. Therefore, NR should support larger RAR window size than that in LTE in order to realize scheduling flexibility as in LTE, and at least more than or equal to 13ms of RAR window size should be supported. In addition, much larger RAR window size may be necessary since scheduling flexibility for RAR within RAR window is restricted in analogue beamforming case.
Proposal 8: NR supports at least [13ms] and [15ms] of RAR window size.

5.3. Subcarrier spacing of Msg.2 in CFRA
RAN1 agreed that Msg.2 SCS is provided in handover command in CFRA for handover and also discussed on Msg.2 SCS triggered by PDCCH order in previous meetings. Additionally, we should consider dual connectivity case. In case that PSCell is initially configured in DC, RA is triggered by RRC reconfiguration. In such case, Msg.2 SCS should be provided in RRC dedicated signalling.
Proposal 9: In CFRA for dual connectivity, Msg.2 SCS is provided in RRC dedicated signalling.

6. TA granularity in MAC-CE
TA granularity in MAC-CE was discussed in email discussion and agreed only in case where there is only one configured UL BWP in the TAG. For other cases, following alternatives were proposed. 
Alt 1: Maximum Subcarrier spacing of all semi-statically configured UL within the TAG, e.g., UL BWP, SUL, CC
Alt 2: Maximum SCS of all activated UL BWPs within the TAG
Alt 3: TA command or additional field in MAC-CE explicitly indicates the TA granularity used
According to agreements in BWP session, UL BWPs with different numerology can be semi-statically configured to a UE, and also UE has an active UL BWP at a time for a serving cell. Then, since TA command has to be transmitted in changing active UL BWP to that with different numerology, in Alt 2 there could be ambiguity period, i.e., UE may calculate TA value based on different SCS from SCS assumed from NW perspective. Therefore, TA granularity should be considered based on all semi-statically configured UL BWPs. Additionally, UE should have a TA value within a TAG. If there are multiple TA values within a TAG, it is complex and strange behaviour considering concept of the TAG. Also, in Alt 3 case, it causes additional indication overhead. Alt 3 is beneficial only in case that large TA value is needed, and in Alt 1 multiple times MAC-CE transmission can cover even such case. That’s reason why we propose Alt 1.
Proposal 10: TA granularity in MAC-CE depends on maximum subcarrier spacing of all semi-statically configured UL within TAG, e.g., UL BWP, SUL, CC.

7. Dedicated RACH resource for contention free RA procedure
At the RAN1 NR-AH#2 meeting, following agreements were reached.
	Agreements:
· At least for handover case, a source cell can indicate in the handover command, 
· Association between RACH resources and CSI-RS configuration(s)
· Association between RACH resources and SS blocks
· A set of dedicated RACH resources (FFS: time/frequency/sequence)
· Note that above CSI-RS configuration is UE-specifically configured


On the other hand, dedicated RACH resource for contention free RA procedure triggered by PDCCH order has not been discussed yet. In LTE, UE can find available RACH resource based on PRACH configuration and PRACH mask index. If similar method is considered in NR, number of bits for PRACH mask index corresponding to RACH resources associated with all SS blocks may become larger. Therefore in NR, PRACH mask index should be assigned among RACH resources per each SS block as shown in Fig.1. Fig.1 shows an example in which second index as time index is indicated and then available RACH resources for the UE are red color parts. In such case, UE selects one of these available RACH resources based on detection of SS block. In addition, indication in frequency and sequence domain are also applied in a similar way. In other words, time index, frequency index and/or preamble index in dedicated RACH configuration should be assigned among RACH resources/preamble indices per each SS block.
Proposal 11:  For contention free RA procedure triggered by PDCCH order, time index, frequency index and/or preamble index in dedicated RACH configuration should be assigned among RACH resources/preamble indices per SS block. 

[image: ]
Figure.1: example of time index in dedicated RACH configuration
if second index as time index is indicated

8. Threshold for SS block selection
There can be various NW deployments such as wider SS block beam and gNB with low-height antenna. In such cases, near beam areas may overlap, and then UE would be able to detect multiple SS blocks. Also, unexpected beam area may be derived irrespective of direction of DL Tx beam, and then NW deployment/operation is complex. In these cases, it is beneficial that NR can configure higher value of the threshold for SS block selection so that UE can select more appropriate SS block.
Proposal 12: NR supports configuring higher value of the threshold for SS block selection.

9. Conclusion 
In this contribution, we discussed on random access procedure for NR. We made the following proposals. 
Proposal 1: CORESET configured by RMSI, Msg.2 and Msg.4 should be confined within initial active DL BWP.
Proposal 2: Number of PRACH preambles per RACH occasion is fixed as 64.
Proposal 3: Following two parameters should be indicated in RMSI.
· Number of PRACH preambles per SSB for both CBRA and CFRA except for CFRA with dedicated resource
· Number of PRACH preambles for CBRA per RACH occasion per SSB
	Parameter
	Value

	Parameter I:
Number of PRACH preambles per SSB for both CBRA and CFRA except for CFRA with dedicated resource
	{4, 8, 16, 32, 64, 128, 192, 256}

	Parameter II:
Number of PRACH preambles for CBRA per RACH occasion per SSB
	{1, 2, 3, 4} if parameter I = 4
{2, 4, 6, 8} if parameter I = 8
{4, 8, 12, 16 } if parameter I = 16
{4, 8, 12, 16, 20, 24, 28, 32} if parameter I = 32
{4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, 52, 56, 60, 64} if parameter I >= 64


Proposal 4: NR supports same number of PRACH preambles for all actually transmitted SS blocks for CFRA.
Proposal 5: NR supports following mapping order from actually transmitted SS blocks to RACH occasion/preamble index.
i. Increasing preamble indices in single RACH occasion and then
ii. Increasing the number of frequency multiplexed RACH occasions and then
iii. Increasing the number of time multiplexed RACH occasions
Proposal 6: NR supports mapping rule flag which indicates that different SS blocks are mapped to different RACH occasions in time domain, i.e., when starting mapping from next SS block, time index of RACH occasion is increased.
Proposal 7: RA-RNTI calculation is defined as below.
RA-RNTI = 1 + symbol index + slot index * number of symbols within slot + frequency index * number of slots within maximum RAR window duration * number of symbols within slot
Proposal 8: NR supports at least [13ms] and [15ms] of RAR window size.
Proposal 9: In CFRA for dual connectivity, Msg.2 SCS is provided in RRC dedicated signalling.
Proposal 10: TA granularity in MAC-CE depends on maximum subcarrier spacing of all semi-statically configured UL within TAG, e.g., UL BWP, SUL, CC.
Proposal 11:  For contention free RA procedure triggered by PDCCH order, time index, frequency index and/or preamble index in dedicated RACH configuration should be assigned among RACH resources/preamble indices per SS block. 
Proposal 12: NR supports configuring higher value of the threshold for SS block selection.
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