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For NR-RACH design, agreements in RAN1 NR Ad-Hoc#2 include the following:
[bookmark: _GoBack]
Agreements:
· For 15 kHz subcarrier spacing,
· Agree on following preamble formats A2, A3, B4
· Working assumption on following preamble formats A0, A1, B0, B1, B2, B3, C0, C1
	Preamble
format
	# of 
Sequence
	TCP
	TSEQ
	TGP
	Path profile 
(Ts)
	Path profile 
(us)
	Maximum 
Cell radius
(meter)
	Use case

	A
	0
	1
	144
	2048
	0
	48 
	1.56 
	469
	TA is already known or Very small cell

	
	1
	2
	288
	4096
	0
	96 
	3.13 
	938
	Small cell

	
	2
	4
	576
	8192
	0
	144 
	4.69 
	2,109
	Normal cell

	
	3
	6
	864
	12288
	0
	144 
	4.69 
	3,516
	Normal cell

	B
	0
	1
	144
	2048
	0
	48 
	1.56 
	469
	TA is already known or Very small cell

	
	1
	2
	192
	4096
	96
	96 
	3.13 
	469
	Small cell

	
	2
	4
	360
	8192
	216
	144 
	4.69 
	1,055
	Normal cell

	
	3
	6
	504
	12288
	360
	144 
	4.69 
	1,758
	Normal cell

	
	4
	12
	936
	24576
	792
	144 
	4.69 
	3,867
	Normal cell

	C
	0
	1
	1240
	2048
	0
	144
	4.69
	5300
	Normal cell

	
	1
	2
	1384
	4096
	0
	144
	4.69
	6000
	Normal cell


· Note 1: Unit is Ts, where Ts = 1/30.72MHz
· Note 2: PRACH preamble are aligned with OFDM symbol boundary for data with same numerology
· Note 3: Additional 16Ts for every 0.5ms should be included in TCP when RACH preamble is transmitted across 0.5ms boundary or from 0.5ms boundary
· Note 4: For format A, GP can be defined within the last RACH preamble among consecutively transmitted RACH preambles
· For 30/60/120 kHz subcarrier spacing, preamble format can be scaled according to subcarrier spacing. 
· Ts =1/(2*30720) ms for 30 kHz subcarrier spacing 
· Ts =1/(4*30720) ms for 60 kHz subcarrier spacing
· Ts =1/(8*30720) ms for 120 kHz subcarrier spacing
· Note that some of the formats may not be applicable to all subcarrier spacings

NR-RACH agreements in RAN1 #90 include the following:

Agreements:
· At least confirm the working assumption for preamble formats A1, B1, B2, B3
· Not define preamble format B0
· Change TCP value from 192 to 216 and TGP value from 96 to 72 for format B1

Agreements:
· RACH preamble formats with L = 839 is not supported in over-6 GHz band, and is supported in below-6 GHz
· For short sequence (L = 127/139) based preamble formats, RACH transmission at over-6 GHz band
· supports 60 and 120 kHz subcarrier spacing, and 
· does not support 15 and 30 kHz subcarrier spacing
· For short sequence (L = 127/139) based preamble formats, RACH transmission at below-6 GHz band
· supports 15 and 30 kHz subcarrier spacing, and 
· does not support 60 and 120 kHz subcarrier spacing

NR-RACH agreements and working assumptions in RAN1 NR Ad-Hoc#3 include the following:

Agreements:
· For format 2, same cyclic shift values as for format 0 and 1 are used

Agreements:
· Use one common table for cyclic shift (Ncs) values for short sequence based PRACH formats for all SCS
· Alt 1: The number of cyclic shift values is up to 16 values represented by 4 bits
· Alt 2: The number of cyclic shift values is up to 8 values represented by 3bits
· Down-selection to be done this week. In addition, to come up with the actual set of values

Agreements:
· Restricted set is not supported for NR PRACH preamble based on short sequence length
· Use one common table for cyclic shift (Ncs) values for short sequence based PRACH formats for all SCS
· The number of cyclic shift values is up to 16 values represented by 4 bits, the following table is adopted
	ZeroCorrelationZoneConfig
	Ncs values

	0
	0

	1
	2

	2
	4

	3
	6

	4
	8

	5
	10

	6
	12

	7
	13

	8
	15

	9
	17

	10
	19

	11
	23

	12
	27

	13
	34

	14
	46

	15
	69




NR-RACH agreements and working assumptions in RAN1 #90b include the following:

Agreements:
· Confirm working assumption of cyclic shift values for preamble format 3
· Confirm working assumption, L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence

Agreements:
· One PRACH format is configured for a cell
· FFS the impact BWP/SUL
· For PRACH formats based on short sequence length
· Format A and format B is considered as a package for the PRACH configuration, configures either format A/B or format C 
· If format A/B is configured, the last PRACH resource within a RACH slot uses the format B and other PRACH resources within the RACH slot uses format A 
· At least support only format B4 within a RACH slot, in the case of a single PRACH occasion within a RACH slot
· FFS Support a PRACH format taken from A0/A1/A2/A3 within a RACH slot 

NR-RACH agreements and working assumptions in RAN1 #91 include the following:

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
· 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 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}

In this contribution, we focus on RACH capacity and discuss whether enhancements are needed.  The contribution is a minor revision of [4]. RACH formats and configurations are discussed in [3].
[bookmark: _Ref178064866]Discussion
[bookmark: _Toc468450825]The mapping from one SS-block to a set of NR-RACH preambles depends on number of NR-RACH preambles associated with each SS-block. Here, the maximum number of SS-blocks, L, depend on the carrier frequency according to agreements in 3GPP RAN1#88bis, where the maximum number of SS-blocks is to be selected between 1 and 128.
The number of configured NR-RACH preambles in each cell was defined to be 64 in LTE. These NR-RACH preambles are shared between contention based and non-contention based access. 
In a configuration with only four SS-blocks in a cell, L=4, then it might be reasonable to have 16 NR-RACH preambles mapped to each SS-block, for contention based random access. such that the total number of NR-RACH preambles per cell equals 64. The number of NR-RACH preambles should be large enough such that the risk of more than one UE selecting the same NR-RACH preamble is low. When the number of SS-blocks is large, then also the size of the downlink beams for each SS-blocks might be narrower, such that less UEs are selecting NR-RACH preambles from the set associated to an SS-block. 
The number of NR-RACH preambles associated to an SS-block can depend on the maximum number of SS-blocks (L), such that larger values of L results in smaller number of NR-RACH preambles per SS-block
For example, if L=64, then perhaps 4 or 8 NR-RACH preambles should be mapped from each SS-block resulting in 256 to 512 NR-RACH preambles in each cell, for contention based random access. With a mapping from SS-blocks to NR-RACH preambles, then the required number of NR-RACH preambles per cell will most likely be larger than 64. 
RAN2 has agreed on the following regarding the random-access procedure:
1. PRACH preambles are partitioned into two preamble groups as a baseline. The reason to partition into two groups is for the UE to indicate to the gNB such that it can provide UL grant for different MSG3 size.
1. Further, RAN2 agreed for PRACH preamble/resource reservation for MSG1 based SI request method and contention free random access.
according to the LS in [1]. The usage of NR-RACH preambles thus includes quite many sets of partitioning such as
•	Contention based with request for MSG3 size 1 
•	Contention based with request for MSG3 size 2 
•	Contention free for beam recovery request
•	Contention free for SI request 
•	Contention free for handover?
•	Contention free for uplink based positioning?
From a resource utilization perspective, we think it is beneficial that contention based and contention free random access can share the same time and frequency resources as long as they are configured with identical NR-RACH preamble formats. 
This partitioning can be configured by RMSI (Remaining system information). Also, the number of preambles per cell should be changed according to the need for this partitioning.

[bookmark: _Toc492365555][bookmark: _Toc492365768][bookmark: _Toc492619648][bookmark: _Toc492619998][bookmark: _Toc492622365][bookmark: _Toc492633717][bookmark: _Toc492635866][bookmark: _Toc492636614][bookmark: _Toc492902301][bookmark: _Toc492902355][bookmark: _Toc494739312][bookmark: _Toc494739692][bookmark: _Toc494739727][bookmark: _Toc494739745][bookmark: _Toc494739760][bookmark: _Toc494739774][bookmark: _Toc494739802][bookmark: _Toc494739847][bookmark: _Toc498513159][bookmark: _Toc498700243][bookmark: _Toc503537172][bookmark: _Toc503540783]The number of NR-RACH preambles per cell should be larger than 64, at least for higher carrier frequencies
[bookmark: _Toc492365569][bookmark: _Toc492365782][bookmark: _Toc492619658][bookmark: _Toc492620008][bookmark: _Toc492622377][bookmark: _Toc492633729][bookmark: _Toc492634895][bookmark: _Toc492635878][bookmark: _Toc492636626][bookmark: _Toc492902313][bookmark: _Toc492902367][bookmark: _Toc494739316][bookmark: _Toc494739696][bookmark: _Toc494739731][bookmark: _Toc494739749][bookmark: _Toc494739764][bookmark: _Toc494739778][bookmark: _Toc494739806][bookmark: _Toc494739851][bookmark: _Toc498513163][bookmark: _Toc498700247][bookmark: _Toc503537176][bookmark: _Toc503540787]The number of NR-RACH preambles in a cell is configured by higher layers, typically in RMSI

The frequency allocations for NR-RACH preambles in LTE are restricted due to single-carrier in uplink. In LTE, the PRACH preamble is preferrably placed on the edges of the system bandwidth in order to avoid frequeny domain scheduling limitations. This is in contrast to NR, where OFDM will be supported in uplink, which thus simplifies frequency domain scheduling and allows the NR-RACH preamble to be placed anywhere inside the system bandwidth. If DFTS-OFDM is used in NR (typically for coverage), then the (coverage limited) terminal would normally use a narrow bandwidth, in which case PRACH can also be in the middle of the band.

[bookmark: _Toc492365556][bookmark: _Toc492365769][bookmark: _Toc492619649][bookmark: _Toc492619999][bookmark: _Toc492622366][bookmark: _Toc492633718][bookmark: _Toc492635867][bookmark: _Toc492636615][bookmark: _Toc492902302][bookmark: _Toc492902356][bookmark: _Toc494739313][bookmark: _Toc494739693][bookmark: _Toc494739728][bookmark: _Toc494739746][bookmark: _Toc494739761][bookmark: _Toc494739775][bookmark: _Toc494739803][bookmark: _Toc494739848][bookmark: _Toc498513160][bookmark: _Toc498700244][bookmark: _Toc503537173][bookmark: _Toc503540784]Using OFDM in uplink simplifies allocations of NR-RACH resources in frequency domain as compared to DFTS-OFDM as used in LTE

The set of NR-RACH preamble sequences can be configured by
1. Preamble format
2. Root sequence
3. Cyclic shift configuration
4. Slot index within frame
5. Frequency allocation
6. Start position within slot (OFDM symbol index)
7. Number of NR-RACH preambles in one cell
See existing agreements and [3] for more details. Here, the capacity of NR-RACH preambles should be evaluated per time unit e.g. per sub-frame of 1 ms. Thus, NR-RACH preamble formats with long time durations, such as NR-RACH preamble format 0 with SCS of 1.25 kHz and B4 with SCS of 15 kHz (see Figure 1) will only have one preamble per slot. This in contrast to e.g. A1 (with SCS of 15 kHz) with 7 preambles per slot, see illustration in Figure 1. 
[image: ]
[bookmark: _Ref480533473]Figure 1. NR-RACH preamble formats with SCS of 15 kHz (but see [3] for further discussion of formats)

For example, NR-RACH preambles with L=839 and 125 kHz SCS (PRACH preamble format 0) can be constructed by 
· 4 cyclic shifts per NR-RACH preamble, 
· 1 NR-RACH preambles per slot (i.e. format 0), 
· 838 root sequences (i.e. Zadoff-Chu of length 839), and 
· 1 frequency allocations, 
resulting in  NR-RACH preambles. 
In another example, NR-RACH preambles with A1 or B1 can be constructed by 
· 2 cyclic shifts per NR-RACH preamble, 
· 7 NR-RACH preambles per slot (i.e. A1 or B1), 
· 138 root sequences (i.e. Zadoff-Chu of length 139), and 
· 2 frequency allocations, 
resulting in  NR-RACH preambles. 
We may also compare capacity with LTE. For example, LTE format 0 can be constructed by
· 24 cyclic shifts per NR-RACH preamble, 
· 1 NR-RACH preambles per slot (i.e. format 0), 
· 838 root sequences (i.e. Zadoff-Chu of length 839), and 
· 1 frequency allocations, 
resulting in  NR-RACH preambles. 
With same assumption about maximum propagation delay, NR format A1 can be constructed by 
· 2 cyclic shifts per NR-RACH preamble, 
· 14 NR-RACH preambles (i.e. format A1, using 2 slots with 7 preambles per slot),
· 138 root sequences (i.e. Zadoff-Chu of length 139), and 
· 6 frequency allocations, 
resulting in  NR-RACH preambles. 
However, in practice, the capacity is limited by the correlations between NR-RACH preambles. Here, different root sequences have higher cross correlations than different time and frequency allocations. 
An illustration of NR-RACH configuration of two gNBs is given in  Figure 2. Here, the two gNBs are using non-overlapping time/frequency resources. The resources that are not used for NR-RACH might be used for other UL transmissions to the given gNB. In other words, at each gNB, only the resources used by random access for that gNB need to be excluded from UL grants in that gNB. If the two gNBs are close, then the PUSCH transmissions will introduce interference in the reception of NR-RACH preambles. However, PUSCH transmissions will most likely not generate a NR-RACH detection since the PUSCH has low correlation with NR-RACH preambles. 

[bookmark: _Ref492619623]Figure 2 Relation between synchronization signals (SS-blocks), and NR-RACH resources for two gNBs 

Each UE is assumed to decode at least one PBCH which contains configurations of a set of NR-RACH preambles from which the UE selects one to be transmitted. One such configuration can be time and frequency resources and a set of NR-RACH preamble sequences. 

[bookmark: _Toc492365557][bookmark: _Toc492365770][bookmark: _Toc492619650][bookmark: _Toc492620000][bookmark: _Toc492622367][bookmark: _Toc492633719][bookmark: _Toc492635868][bookmark: _Toc492636616][bookmark: _Toc492902303][bookmark: _Toc492902357][bookmark: _Toc494739314][bookmark: _Toc494739694][bookmark: _Toc494739729][bookmark: _Toc494739747][bookmark: _Toc494739762][bookmark: _Toc494739776][bookmark: _Toc494739804][bookmark: _Toc494739849][bookmark: _Toc498513161][bookmark: _Toc498700245][bookmark: _Toc503537174][bookmark: _Toc503540785]Time and frequency resources can be utilized for NR-RACH allocations in order to reduce inter-cell interference
[bookmark: _Toc492365558][bookmark: _Toc492365771][bookmark: _Toc492619651][bookmark: _Toc492620001][bookmark: _Toc492622368][bookmark: _Toc492633720][bookmark: _Toc492635869][bookmark: _Toc492636617][bookmark: _Toc492902304][bookmark: _Toc492902358][bookmark: _Toc494739315][bookmark: _Toc494739695][bookmark: _Toc494739730][bookmark: _Toc494739748][bookmark: _Toc494739763][bookmark: _Toc494739777][bookmark: _Toc494739805][bookmark: _Toc494739850][bookmark: _Toc498513162][bookmark: _Toc498700246][bookmark: _Toc503537175][bookmark: _Toc503540786]Utilization of time and frequency resources can yield as large NR-RACH capacity as for LTE

A configuration with several time resources is beneficial for example in unlicensed spectrum when the UE does an LBT (Listen Before Talk) before transmitting NR-RACH preamble. If the LBT fails in one such time instance, then the UE can try another time instance. 
Given the tight time schedule to finish Rel-15 including CRs, and the fact that introduction of e.g. option 2 or 4 would require investigating and agreeing on numerous additional format in addition to the already decided A1-A3, B1-B4, C0, and C2, it is concluded that further capacity enhancements should not be included in Rel-15. 

[bookmark: _Toc492619659][bookmark: _Toc492620009][bookmark: _Toc492622378][bookmark: _Toc492633730][bookmark: _Toc492634896][bookmark: _Toc492635879][bookmark: _Toc492636627][bookmark: _Toc492902314][bookmark: _Toc492902368][bookmark: _Toc494739317][bookmark: _Toc494739697][bookmark: _Toc494739732][bookmark: _Toc494739750][bookmark: _Toc494739765][bookmark: _Toc494739779][bookmark: _Toc494739807][bookmark: _Toc494739852][bookmark: _Toc498513164][bookmark: _Toc498700248][bookmark: _Toc503537177][bookmark: _Toc503540788]Due to time restrictions of finalizing NR according to time plan, do not specify any additional NR-RACH capacity enhancements apart of decided formats A0-A3, B1-B4, C0, C2 and by including several multiplexed time and frequency resources

If desirable, the capacity of NR-RACH can be further increased in later releases by considering other sequence types than Zadoff-Chu, see, e.g., the appendix of [2] for more information.

[bookmark: _Toc492365571][bookmark: _Toc492365784][bookmark: _Toc492619660][bookmark: _Toc492620010][bookmark: _Toc492622379][bookmark: _Toc492633731][bookmark: _Toc492634897][bookmark: _Toc492635880][bookmark: _Toc492636628][bookmark: _Toc492902315][bookmark: _Toc492902369][bookmark: _Toc494739318][bookmark: _Toc494739698][bookmark: _Toc494739733][bookmark: _Toc494739751][bookmark: _Toc494739766][bookmark: _Toc494739780][bookmark: _Toc494739808][bookmark: _Toc494739853][bookmark: _Toc498513165][bookmark: _Toc498700249][bookmark: _Toc503537178][bookmark: _Toc503540789]If needed, capacity of NR-RACH can be increased in later releases by considering additional sequences other than Zadoff-Chu

Conclusion
In Section 2 we made the following observations:
Observation 1	The number of NR-RACH preambles per cell should be larger than 64, at least for higher carrier frequencies
Observation 2	Using OFDM in uplink simplifies allocations of NR-RACH resources in frequency domain as compared to DFTS-OFDM as used in LTE
Observation 3	Time and frequency resources can be utilized for NR-RACH allocations in order to reduce inter-cell interference
Observation 4	Utilization of time and frequency resources can yield as large NR-RACH capacity as for LTE

Based on the discussion in Section 2 we propose the following:
Proposal 1	The number of NR-RACH preambles in a cell is configured by higher layers, typically in RMSI
Proposal 2	Due to time restrictions of finalizing NR according to time plan, do not specify any additional NR-RACH capacity enhancements apart of decided formats A0-A3, B1-B4, C0, C2 and by including several multiplexed time and frequency resources
Proposal 3	If needed, capacity of NR-RACH can be increased in later releases by considering additional sequences other than Zadoff-Chu
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