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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#91 are provided in Appendix. 
In this contribution, we discuss about the remaining details on the NR random access procedure and address the following points:
· Random access description in 38.213
· On mapping between SS/PBCH blocks and RACH occasions
· On monitoring RAR
· Timing Advance
This is a revision of R1-1720006.
2	Remaining open issues
2.1	RA description in 38.213
2.1.1	Procedure
Section 8 in 3GPP TS 38.213 [4] describes the channels needed for random access procedure as follows:
“From the physical layer perspective, the L1 random access procedure encompasses the transmission of random access preamble (Msg1) in a PRACH, random access response (RAR) in a PDSCH (Msg2), Msg3 PUSCH, and PDSCH for contention resolution.”
The quoted specification text describes the channels for the contention-based RA. For non-contention based RA (dedicated preambles), there is no Msg 3 or PDSCH. It is seen beneficial to clarify the specification text to have separate description for contention-based and contention-free RA. 
Proposal: Describe channels for the contention-free random access from the physical layer perspective. 
Text proposal to 3GPP TS 38.213:
	8	Random access procedure
Prior to initiation of the physical random access procedure, Layer 1 shall receive from higher layers a set of SS/PBCH block indexes and shall provide to higher layers a corresponding set of RSRP measurements.
Prior to initiation of the physical random access procedure, Layer 1 shall receive the following information from the higher layers:
-	Configuration of physical random access channel (PRACH) transmission parameters (PRACH preamble format, time resources, and frequency resources for PRACH transmission).
-	Parameters for determining the root sequences and their cyclic shifts in the PRACH preamble sequence set (index to logical root sequence table, cyclic shift ([image: ]), and set type (unrestricted, restricted set A, or restricted set B)).
From the physical layer perspective, the L1 contention-based random access procedure encompasses the transmission of random access preamble (Msg1) in a PRACH, random access response (RAR) in a PDSCH (Msg2), Msg3 PUSCH, and PDSCH for contention resolution.
From the physical layer perspective, the L1 contention-free random access procedure encompasses the transmission of random access preamble (Msg1) in a PRACH, and random access response (RAR) in a PDSCH (Msg2).




2.1.2	TA range
[bookmark: _GoBack]It has been agreed to increase the TA to 12 bits in order to support up to 300 km cell radius. That means that instead of having TA range 0, …, 1282 the range should be 0, …, 3846.  
Proposal: TA range should be 0, …, 3846.
Text proposal to 3GPP TS 38.213:
	[bookmark: _Toc501387519]4.2	Transmission timing adjustments
< Unchanged parts are omitted >

In case of random access response, a timing advance command [11, TS 38.321], , for a TAG indicates  values by index values of  = 0, 1, 2, ..., 256 if the UE is configured with a SCG, and  = 0, 1, 2, ..., 12823846 otherwise, where an amount of the time alignment for the TAG for subcarrier spacing of  kHz is given by .  is defined in [4, TS 38.211] and is relative to the subcarrier spacing of the first uplink transmission from the UE after the reception of the random access response.



2.2	On mapping between SS/PBCH blocks and RACH occasions
It was left for further study that whether configuration where all FDMed RACH occasions get mapped to one set of SSBs while it was agreed to support one configuration where all FDMed RACH occasions get mapped to the same SSB and different SSBs are associated with different RACH occasions in time domain. The agreed configuration is tailored for full analog beamforming architecture at the gNB. It’s well acknowledged that analog beamforming architecture used for receiving RACH preambles in beam sweeping manner introduces latency and especially system overhead. To enhance random access latency and reduce system overhead, gNB may use digital beamforming architecture also at above 6 GHz for receiving e.g. narrowband uplink signals like PRACH preambles. Thus, it’s seen important to support also configuration(s) enabling use of enhanced PRACH receiver architectures than only analog beamforming architectures at above 6 GHz. At below 6 GHz, the gNB may use multiple SS/PBCH blocks to use beamforming in downlink and use long PRACH format to enhance coverage. With digital receiver architecture the gNB is able to receive PRACH from all “directions” at once and thus all SS/PBCH blocks should be able to be associated to the FDMed ROs to prevent allocating as many resource consuming time domain ROs as there are SS/PBCH blocks.
Additionally, in case the digital receiver at gNB determines the used downlink transmit beam from the detected preamble, there would be no need association between SS/PBCH blocks and subset of PRACH resources and/or preambles. Also in this non-association case, all FDMed RACH occasions are mapped to one set or all of the SSBs. 
Proposal: Support configuration(s) where all FDMed RACH occasions are associated to one set or all of the SSBs. 

2.3	On monitoring RAR
Based on RAN1#90bis agreement as quoted below, the UE will assume the CORESET configuration(s) for random access to be the one(s) configured by NR-PBCH, i.e. the RAR CORESET equals to RMSI CORESET if RMSI doesn’t provide UE with specific RAR CORESET(s). 

	Agreements:
· By PBCH, a UE obtains at least one CORESET configuration at least for PDCCH scheduling RMSI associated with a given SS block.
· The set of aggregation levels and candidates per aggregation level for PDCCH scheduling RMSI is specified in the specification.
· FFS the indication of the support of aggregation level 16 in the cell
· FFS: Set of search spaces for OSI, random access, and paging.
· By RMSI, the UE can be configured with at least one CORESET configuration at least for PDCCH for random access.
· If not configured by RMSI, the CORESET configuration(s) for random access is/are the one(s) configured by PBCH.




RAN1#91 further made working assumption that RMSI CORESET may have two starting symbols within a slot and correspondingly two search space sets per slot. A couple of rows from RMSI CORESET starting OFDM symbol and RMSI monitoring window timing configuration table for Pattern 1 and sub 6 GHz quoted below:

	Configuration Index 
	Group offset X (msec)
	Number of search space sets per slot N
	M
	Starting OFDM symbol index
(note: l is CORESET duration)

	1
	0
	1
	1
	0

	2
	0
	2
	1
	{0, l}

	…
	…
	…
	…
	…



Then, RAN1#91 made the agreement based on which the UE will monitor only one search space as quoted below.  

	Agreements:
· UE is not expected to monitor more than one Msg2/Msg3/Msg4 search space in one slot.
· Starting symbol of Msg2/Msg3/Msg4 search space is the same in every slot.



Given that a search space in NR is associated with a single CORESET there may be some misalignment between gNB and UE when used configuration support two CORESETs within a slot and UE monitors only one for PDCCH scheduling RAR. Thus, some rule may need to be defined to remove the possible misalignment. Possible options could be
· Option 1: UE monitors Msg2 search space always in the first CORESET in case of two CORESETs within a slot and RMSI CORESET configuration is used for RAR
· Option 2: UE monitors Msg2 search space in the first CORESET in case of PRACH preamble is associated to even SS/PBCH block index and in the second CORESET in case of PRACH preamble is associated to odd SS/PBCH block index in case of two CORESETs within a slot and RMSI CORESET configuration is used for RAR

Option 2 would provide better scheduling flexibility and higher RAR capacity from network point of view reducing the latency of the random access. Thus, we prefer slightly prefer option 2 over option 1. 
Proposal: UE monitors Msg2 search space in the first CORESET in case of PRACH preamble is associated to even SS/PBCH block index and in the second CORESET in case of PRACH preamble is associated to odd SS/PBCH block index in case of two CORESETs within a slot and RMSI CORESET configuration is used for RAR.
2.4	Timing advance 
2.4.1	Granularity of the TA in RAR
RAN1#91 made two contradicting agreements for how to determine TA granularity in RAR (contradicting agreements highlighted in yellow and blue):
Agreement:
· UL and SUL of the same cell are in the same TAG.
· If UL and SUL have different numerologies, the UE can assume that the granularity of the TA in the MAC CE (i.e. not in the Msg2) is the granularity corresponding to the smaller subcarrier spacing
· The granularity of the TA in Msg2 is determined according to the numerology of transmitted PRACH

Agreements:
· Confirm the following working assumption:
· (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:  seconds.

We think that the latter agreement makes sense, i.e. that granularity of TA in RAR depends on the SCS of the first uplink transmission after RAR. 
Proposal: Confirm that granularity of TA in RAR depends on the SCS of the first uplink transmission after RAR. 
Current 3GPP TS 38.213 defines the behavior as proposed above as can be seen in the following quoted part from 38.213, section 4.2:
	In case of random access response, a timing advance command [11, TS 38.321], , for a TAG indicates  values by index values of  = 0, 1, 2, ..., 256 if the UE is configured with a SCG, and  = 0, 1, 2, ..., 1282 otherwise, where an amount of the time alignment for the TAG for subcarrier spacing of  kHz is given by .  is defined in [4, TS 38.211] and is relative to the subcarrier spacing of the first uplink transmission from the UE after the reception of the random access response.



2.4.2	Granularity for multiple configured UL BWPs
We think that RAN1#91 in NR-LTE co-existence AI made a contradicting agreement related to granularity of the TA in case of multiple configured UL BWPs. The agreement is quoted below saying that for UL and SUL (i.e. UL BWPs) being in the same TAG, the granularity of the TA in the MAC CE (i.e. not in the Msg2) is the granularity corresponding to the smaller subcarrier spacing. 

Agreement:
· UL and SUL of the same cell are in the same TAG.
· If UL and SUL have different numerologies, the UE can assume that the granularity of the TA in the MAC CE (i.e. not in the Msg2) is the granularity corresponding to the smaller subcarrier spacing
· The granularity of the TA in Msg2 is determined according to the numerology of transmitted PRACH

Above is contradicting the considerations in RACH AI where the following quoted agreements were made based on email discussion [90b-NR-42]. There the options for determining granularity in case of multiple configured UL BWPs in the TAG are considering to have granularity corresponding to the higher subcarrier spacing instead of smaller subcarrier spacing. Using smaller SCS based granularity may have performance impact on the transmissions using higher SCS which is not the case with having granularity based on higher SCS. 
Proposal: Revisit the agreement made in RAN1#91 in NR-LTE co-existence AI about the granularity of the TA in the MAC CE. Select one of the options based on agreements based on email discussion [90b-NR-42]. 
In the subsequent we assume the starting point being the email discussion agreement [90b-NR-42] which is quoted below. 
	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:
1. Alt 1: Maximum Subcarrier spacing of all semi-statically configured UL within the TAG, e.g., UL BWP, SUL, CC
1. Alt 2: Maximum SCS of all activated UL BWPs within the TAG
1. Alt 3: TA command or additional field in MAC-CE explicitly indicates the TA granularity used 
1. 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: Support Alt 3: TA command or additional field in MAC-CE explicitly indicates the TA granularity used.

2.5	Time period
RAN1#91 made an agreement that for every time period, the first actually transmitted SSB in a SSB burst set is mapped to the first PRACH occasion. However, it was left for further study what is the time period. 
	Agreement:
· For every time period, the first actually transmitted SSB in a SSB burst set is mapped to the first PRACH occasion 
· FFS the time period (note: there is no additional RRC impact)




We think that the time period should be the maximum of PRACH configuration period and SSB burst set period to synchronize SSBs and RACH occasions. 
Proposal: “Time period” synchronizing the SSBs and RACH occasions is the maximum of PRACH configuration period and SSB burst set period. 

3	Conclusions
Related to the four-step random access procedure, the following proposals are made:
Proposal: Describe channels for the contention-free random access from the physical layer perspective. 
Proposal: TA range should be 0, …, 3846.
Proposal: Support configuration(s) where all FDMed RACH occasions are associated to one set or all of the SSBs.
Proposal: UE monitors Msg2 search space in the first CORESET in case of PRACH preamble is associated to even SS/PBCH block index and in the second CORESET in case of PRACH preamble is associated to odd SS/PBCH block index in case of two CORESETs within a slot and RMSI CORESET configuration is used for RAR.

Proposal: Confirm that granularity of TA in RAR depends on the SCS of the first uplink transmission after RAR.

Proposal: Revisit the agreement made in RAN1#91 in NR-LTE co-existence AI about the granularity of the TA in the MAC CE. Select one of the options based on agreements based on email discussion [90b-NR-42]. 
Proposal: Support Alt 3: TA command or additional field in MAC-CE explicitly indicates the TA granularity used.

Proposal: “Time period” synchronizing the SSBs and RACH occasions is the maximum of PRACH configuration period and SSB burst set period. 
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Appendix – RAN1#91 agreements related to RACH procedure
Agreements:
· For ZC type RACH preamble sequence, RACH preamble indices within one RACH transmission occasion are in the order of:
· Increasing cyclic shifts of a root sequence with logical root index and then
· Increasing logical root index
Agreements:
· NR, at least, supports following mapping from actually transmitted SS blocks to RACH occasion/preamble index.
i. In the order of increasing preamble indices in single RACH occasion and then
ii. In the order of increasing the number of frequency multiplexed RACH occasions and then
iii. In the order of increasing the number of time multiplexed RACH occasions within a RACH slot
iv. In the order of increasing the number of RACH slots
· When multiple FDMed RACH occasions are configured, at least support one configuration where all FDMed RACH occasions get mapped to the same SSB, where different SSBs are associated with different RACH occasions in time domain
· [bookmark: _Hlk503188690]FFS: when multiple FDMed RACH occasions are configured, support one configuration where all FDMed RACH occasions get mapped to one set of SSBs

Agreements:
· Support the following for the already agreed parameters.
· RSRP-ThresholdSSBlock
· Same as possible RSRP range of values
· RSRP-ThresholdSUL
· Same as possible RSRP range of values

· RACHReceiviedTargetPower
0. 6 bits
0. Details values FFS



Agreements:
· Confirm the following working assumption:
· (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:  seconds.

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

R1-1721553	Summary of Remaining Details on RACH Procedure	Qualcomm Inc.
Agreements:
· Support separate configuration of the number of PRACH transmission occasions FDMed in one time instance.
· Size of value range is 2 bits.
· From UE perspective, all available FDMed PRACH transmissions occasions for initial access are configured within the initial active uplink BWP.
· Initial Active UL BWP’s(s) frequency position
· Up to RAN4 to decide
· FFS default value
· Relative frequency offset of Msg1
· Note: This defines the offset of lowest PRACH transmission occasion in frequency domain with respective to PRB 0 of initial active UL BWP(s)
· Value: {0,1,…,Bandwidth of initial active UL BWP in terms of PRBs – Bandwidth of the RACH occasion in terms of PRBs}
· The FDMed RACH transmission occasions are consecutive in frequency domain.
· Note: Bandwidth of RACH transmission occasion is an integer number of PRBs including the guard tones.
· FFS indexing of FDMed RACH transmissions occasions
· RAR window is defined in terms of slot length with respect to Msg2 SCS.
· Note: Exact duration of RAR window is decided in RAN2
· RSRPThreshold-CSI-RS
· Size of the value range is same as that of RSRPThreshold-SSB
· ra-PreambleIndexConfig
· Value range: {0,1,…,63}
R1-1721585	Summary of Remaining Details on RACH Procedure	Qualcomm Inc.

Agreements:
· 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:
· gNB configures in RMSI the following:
· Number of CBRA preambles per SSB per RACH transmission occasion
· Number of SSBs per RACH occasion
· Number of CBRA preambles per SSB per RACH transmission occasion
· Maximum size for the range of values: 4 bits
· Number of SSBs per RACH occasion
· Maximum size for the range of values: 3 bits
Conclusion:
· Prach-configDedicated
· Note: This is configured for handover purposes.
· Up to RAN2

Agreements:
· NR supports RMSI to indicate PDCCH configuration which gives search space configuration for RACH procedure (before RRC connection setup is complete)	

Agreements:
· No default value for Initial Active UL BWP’s(s) bandwidth

Agreements:
· For the parameter defining association between CSI-RS and PRACH CFRA in handover, the value range and the actual values are up to RAN2

R1-1721623	Summary of Remaining Details on RACH Procedure	Qualcomm Inc
Agreements:
· UE is not expected to monitor more than one Msg2/Msg3/Msg4 search space in one slot.
· Starting symbol of Msg2/Msg3/Msg4 search space is the same in every slot.
Agreements:
· Confirm the following working assumption.
· (working assumption) Bit field length of RAPID is 6 bits.
Agreements:
· The preambles contained within each RACH transmission occasion are indexed from 0 to 63, which is also used for RAPID.

Agreements:
· For every time period, the first actually transmitted SSB in a SSB burst set is mapped to the first PRACH occasion 
· FFS the time period (note: there is no additional RRC impact)
R1-1721689	Summary of Remaining Details on RACH Procedure	Qualcomm Inc
Agreements:
· UE adjusts its power setting for Msg. 3 using the transmit power control command in Msg2 and the transmit power of the latest PRACH preamble
· The size of UL grant in RAR for Msg3 is left to control channel session (Scheduling/HARQ agenda item)

Agreements:
· Minimum time gap between Msg2 and Msg3 if Msg2 and Msg3 have the same SCS
· Duration of N1 + duration of N2 + L2 + TA
· N1 refers to the value determined in control session with front loaded plus additional DMRS and UE capability #1
· N2 also refers to the value determined in control session with UE capability #1
· TA is equal to the maximum timing advance value that the 12 bit TA command can provide with respect to the SCS of Msg3
· L2 refers to the MAC processing latency and it does not depend on subcarrier spacing
· L2=500us as a working assumption
· Note: If Msg2 and Msg3 have different SCS, value of N1 and N2 will refer to the ones determined in control session.
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