3GPP TSG RAN WG1 Meeting 91	           	                    R1-1720006
Reno, Nevada, USA, 27th November – 1st December 2017

Agenda item:		7.1.4.2
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Source:	Nokia, Nokia Shanghai Bell 
Title:	Remaining details on PRACH procedure
Document for:		Discussion and Decision
1	Introduction
During the NR Study Item, RAN1 has established requirements and scenarios for NR [1] and has identified technology components that are needed to standardize the NR system [2]. The objective of the work item phase is to specify the NR functionalities for enhanced mobile broadband (eMBB) and ultra-reliable low latency communications (URLLC) considering frequency ranges up to 52.6 GHz and considering forward compatibility and introduction of new technology components for new use cases.
Agreements related to RACH procedure made in RAN1#90bis are provided in Appendix. 
In this contribution, we discuss the NR random access procedure and address the following points:
· Slot and non-slot based transmissions in RACH procedure
· RA-RNTI and RAPID
· Timing Advance
· Number of PRACH preambles for CBRA per SSB 
· Mapping of RACH preamble indices
This is a revision of R1-1718303.
2	4-step Random Access Procedure
2.1	Slot and non-slot based transmissions
It was agreed RAN1#90bis that both slot based PDCCH, PDSCH and PUSCH, and non-slot based PDSCH/PUSCH transmissions are supported for Msg2, Msg3 and Ms4 transmissions. It was left FFS that how to handle PDCCH for non-slot based transmissions. 
At higher carrier frequencies where the gNB operates more in TDM fashion both in transmit and receive direction with narrow beams, non-slot based transmissions are beneficial to improve system efficiency to allow the gNB serve multiple directions within a slot. Especially for the small payload size messages and for common control signalling non-slot based operation in multi-beam configuration is needed. Thus, we consider that non-slot based PDCCH should be supported for scheduling Msg2, Msg3 and Msg4 in RACH procedure. Non-slot PDCCH transmission would mean defining more than one CORESET in a slot for the PDCCH as illustrated with two options (2 and 3 CORESETs in a slot) in Figure 1. The configuration of the CORESETs would be in RMSI and would be confined within initial active DL BWP defined by the CORESET for RMSI scheduling. 
[image: ]
[bookmark: _Ref498611889]Figure 1 Non-slot based CORESETs for PDCCH for scheduling Msg2, Msg3 and Msg4 transmissions. 
Proposal 1: Support non-slot based PDCCH for scheduling Msg2, Msg3 and Msg4 transmissions.

2.2	RA-RNTI and RAPID
Working assumption is that RAPID field is 6 bits. It was left FFS that how to point to PRACH preamble transmitted in SUL and how RACH occasion is conveyed to the UE. It was further agreed that 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. 
6-bit RAPID allows identifying 64 PRACH preambles per RA-RNTI. Compared to LTE, NR has additional uses for PRACH preambles like beam recovery request signalling requiring dedicated contention-free random access resources. For robustness and fast beam recovery the UE should be able to be configured with beam recovery request resources associated to multiple candidate beams requiring multiple CFRA preambles per UE reserved at a time. UEs configured with CFRA preambles for beam recovery are synchronized to the serving cell and thus RACH occasion having only CFRA preambles can use very small Ncs (only to take into account delay spread which may be quite small in beam based system). That may allow configuring over 64 CFRA preambles per RACH occasion as an option to allocating additional RACH occasions in frequency domain to increase number of CFRA preamble capacity. In case of increasing the number of preambles per RACH occasion over 64 would require additional information either by increasing RAPID field or grouping preambles into 64 preamble groups and indicating the group in RA-RNTI. However, typical scenarios for use of large amount CFRA preambles for beam recovery are above 6 GHz deployments where system bandwidths are large and gNBs may use analog/hybrid beamforming architecture. In there, allocating more RACH occasions in frequency domain in PRACH slots is logical since gNB may have limited capability to process any other uplink traffic during RACH slots. Thus, in subsequent we assume that there is max 64 PRACH preambles per RACH occasion. 
In LTE, RA-RNTI is derived from below equation where t_id (0≤t_id<10) is the index of the first subframe of the specified PRACH and f_id (0≤f_id<6) is the index of the specified PRACH within that subframe. In FDD RA-RNTI range is {1,10} and in TDD RA-RNTI range is {1, 60}.
RA-RNTI = 1 + t_id + 10 x f_id
Now in NR there may be multiple PRACH occasions within a slot. In addition, RA-RNTI should correspond to a single PRACH resource within a RAR window. Assuming a max RAR window size being 10 ms, depending on SCS for Msg1 there can be 10, 20, 40 or 80 slots within a RAR window for 15 kHz, 30 kHz, 60 kHz and 120 kHz, respectively. That would require then to have t_id range (0≤t_id<10) when 15 kHz is used, (0≤t_id<20) when 30 kHz is used, (0≤t_id<40) when 60 kHz is used and (0≤t_id<80) when 120 kHz is used. 
To take above into account, RA-RNTI formula could be modified as follows:
RA-RNTI = 1 + s_id + 14x(t_id + Y x f_id)
where s_id (0≤s_id<14) is the starting symbol number of the transmitted PRACH preamble within a PRACH slot, and Y equals to 10 for 15 kHz SCS for Msg1, 20 for 30 kHz SCS for Msg1, 40 for 60 kHz SCS for Msg1 and 80 for 120 kHz SCS for Msg1.
Proposal 2: RA-RNTI formula takes into account the multiple PRACH transmission occasions within a PRACH slot, i.e. RA-RNTI conveys RACH occasion to the UE. 
Proposal 3: RA-RNTI formula needs to take into account SCS used for Msg1 when identifying RACH occasion within a RAR window. 
Then how to take into account possibly configured SUL? We foresee two options:
1) 1 bit indication in RAR subheader
2) RA-RNTI formula is extended in similar manner as RA-RNTI in NB-IoT for multiple carriers but only with two possible values signalling whether SUL or not is targeted within the RAR
Proposal 4: RAN2 to decide how to convey info whether SUL or not is targeted by RAR between
1) 1 bit indication in RAR subheader
2) RA-RNTI formula is extended to account whether SUL or not is targeted within the RAR.

2.3	Timing advance
2.3.1	Maximum size of TA command for RAR
Working assumption was made that maximum size of TA command for RAR is 12 bits. 
In NR, there are use cases of supporting extremely long coverage (150 Km to 300 Km) in TR38.913 [1]. Assuming three different number of TA steps: 1282, 2564 and 3846, we can calculate the maximum propagation distances as in Table 1.
[bookmark: _Ref494490235]Table 1 Maximum propagation distance for different PUSCH SCS 
	PUSCH SCS

	Required TA resolution
	Maximum propagation distance

	
	
	1282 steps
	2564 steps
	3846 steps

	15 KHz
	16 Ts
	100.16 km
	200.32 km
	300.47 km

	30 KHz
	8 Ts
	50.08 km
	100.16 km
	150.23 km

	60 KHz
	4 Ts
	25.04 km
	50.08 km
	75.12 km

	120 KHz
	2 Ts
	12.52 km
	25.04 km
	37.56 km



It can be observed that to support a 200 Km or 300 Km cell TA should increase 2564 or 3846 TA_step respectively. This would require increasing the TA field in the RAR from 11 bits to 12 bits.
Observation 1: It can be observed that to support a 200 Km or 300 Km cell TA should increase to 2564 or 3846 TA_step respectively.
Proposal 5: Confirm working assumption that maximum size of TA command for RAR is 12 bits.   
2.3.2	Timing advance granularity in MAC-CE
After email approval the following agreement was made based on email discussion [90b-NR-42]:
	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:
[bookmark: _Hlk498640908]                                               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.



Open item is how to determine timing advance granularity for multiple configured UL BWPs in the TAG. The following options were identified:
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.

Alt 3 would be the simplest operation with the cost of some additional field in TA command or in MAC-CE compared to Alt 1 or Alt 2. Alt 1 on the other hand is suboptimal compared to Alt2 when UE’s active UL BWP is having smaller SCS than maximum SCS of semi-statically configured UL BWPs, SUL or CCs within the same TAG. However, SCS difference in typical deployments between UL BWPs and CCs is one “step” (15 kHz vs 30 kHz below 6 GHz and 60 kHz and 120 kHz above 6 GHz). Alt 2 is seen as a simple alternative which adapts granularity to the (max) SCS in use. Drawback may be some ambiguity windows when BWP activation / deactivation happens because of which more TA commands may be needed. Based on that we slightly prefer Alt 3. 
Proposal 6: Support Alt 3: TA command or additional field in MAC-CE explicitly indicates the TA granularity used. 

2.4	Number of PRACH preambles for CBRA per SSB
RAN1#90bis agreed that at least values according to 4xN (where 1≤N≤16) are supported. It was left for further study whether other values are needed to be supported. In some cases like in fixed wireless access applications operating with very narrow beams the number of required PRACH preambles for CBRA per SSB is low, even 1 or 2. On the other hand, even four may be too high in some specific scenarios signalling additional values would increase configuration signalling amount and it’s not considered necessary to optimize supported numbers to such specific scenario.
Proposal 7: Support only values according to 4xN (where 1≤N≤16).

2.5	Mapping of RACH preamble indices
2.5.1	 Mapping SSBs to subsets of RACH preamble indices
It was agreed that in case 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. It was left FFS whether to support mapping to overlapping subsets. Mapping from different SSBs to non-overlapping subsets of RACH preamble indices is a mechanism to signal gNB the preferred SSB “beam” for the PDCCH and PDSCH of RAR as well as for PDCCH of Msg3 (and for PDCCH and PDSCH of Msg4). We don’t see any other use case for mapping to overlapping subsets than the case where the gNB uses the same TX beam for multiple SSBs (repetition for SSB transmissions). As a baseline we consider that NR should support only mapping to non-overlapping subsets of PRACH preambles.
Proposal 8: Support only mapping from different SSBs to non-overlapping subsets of RACH preamble indices. 
2.5.2	Indices of PRACH preambles per SSB in RACH occasion 
For one-to-one mapping (i.e. when one SSB is mapped to only one RACH occasion) it was agreed in RAN1#90bis that each RACH transmission occasion has preamble index 0 to N-1. For other cases like many-to-one and one-to-many mapping it was left open. In many-to-one mapping the indices of preambles of one occasion can be divided equally among the set of SSBs. As an example consider case where two SSBs are associated to one RACH occasions. In that one SSB may be mapped to 0 to N/2-1 indices and the other SSB may be mapped to N/2 to N-1 indices assuming two. Another way is to e.g. allocate two simultaneous RACH occasion in frequency domain and then map one SSB to one RACH occasion and the other SSB to the other RACH occasion multiplexed with the first one in frequency. In one-to-many mapping from one RACH occasion point of view one SSB is mapped to preamble index 0 to N-1 and one SSB can then be associated to multiple RACH occasions (and preambles in those) where RACH occasions can be multiplexed in frequency and/or time domain. 
Observation 2: CBRA preambles in one RACH occasion may be equally divided into groups where each group may be mapped to different SSB in many-to-one association. 
[bookmark: _GoBack]Observation 3: In one-to-many association, CBRA preambles in one RACH occasion are mapped to preamble indices 0 to N-1 similar to one-to-one association. One SSB can be further associated to multiple RACH occasions (and preambles in those) where RACH occasions can be multiplexed in frequency and/or time domain.
3	Conclusions
Related to the four-step random access procedure, the following proposals are made:
Proposal 1: Support non-slot based PDCCH for scheduling Msg2, Msg3 and Msg4 transmissions.
Proposal 2: RA-RNTI formula takes into account the multiple PRACH transmission occasions within a PRACH slot, i.e. RA-RNTI conveys RACH occasion to the UE. 
Proposal 3: RA-RNTI formula needs to take into account SCS used for Msg1 when identifying RACH occasion within a RAR window. 
Proposal 4: RAN2 to decide how to convey info whether SUL or not is targeted by RAR between
1) 1 bit indication in RAR subheader
2) RA-RNTI formula is extended to account whether SUL or not is targeted within the RAR.

Observation 1: It can be observed that to support a 200 Km or 300 Km cell TA should increase to 2564 or 3846 TA_step respectively.
Proposal 5: Confirm working assumption that maximum size of TA command for RAR is 12 bits.
Proposal 6: Support Alt 3: TA command or additional field in MAC-CE explicitly indicates the TA granularity used. 
Proposal 7: Support only values according to 4xN (where 1≤N≤16). 
Proposal 8: Support only mapping from different SSBs to non-overlapping subsets of RACH preamble indices.
Observation 2: CBRA preambles in one RACH occasion may be equally divided into groups where each group may be mapped to different SSB in many-to-one association. 
Observation 3: In one-to-many association, CBRA preambles in one RACH occasion are mapped to preamble indices 0 to N-1 similar to one-to-one association. One SSB can be further associated to multiple RACH occasions (and preambles in those) where RACH occasions can be multiplexed in frequency and/or time domain.
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Appendix – RAN1#90bis agreements
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.

Disucss further offline how to rely the LS regarding TA granularity – Nazmul (QC)

R1-1719160	Summary of Remaining Details on RACH Procedure	Qualcomm Inc.
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 SSB is associated to 0 to N-1 preambles 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

R1-1719197	Summary of Remaining Details on RACH Procedure	Qualcomm Inc.
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
· FFS: The range of the number of preambles – email discussion/approval till 11/27 – Nazmul (Qualcomm)
Update after email approval
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
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
· Email discussion/approval (at least target potential RRC impact related approval) till 10/27 – Nazmul (Qualcomm)
Update after email approval:
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.

New email approval
[90b-NR-42] Email discussion on whether or not the same TA granularity should be applicable for all cases (based on the working assumption regarding TA for RAR)  and if possible, the number of TA bits for MAC CE till 11/1  – Nazmul (Qualcomm). 
After email approval:
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.
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