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[bookmark: _Ref471367327]Introduction
[bookmark: _Hlk489610441]For NR-RACH design, the following was agreed in RAN1 NR Ad-Hoc#2:
· 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


A few remaining details for NR-RACH design is discussed below. A discussion about NR-RACH capacity is included in  [1] and a discussion about parameter settings for NR-RACH preambles in [2]
[bookmark: _Ref178064866]Discussion
[bookmark: _Toc468450825]NR-RACH preamble formats
For short sequence length (127 or 139), proposals for NR-RACH preambles for the agreed subcarrier spacings (15, 30, 60, and 120 kHz) are agreed at RAN1 NR ad-Hoc#2, see illustration in Figure 1.



[bookmark: _Ref489622393]Figure 1. Proposed NR-RACH preamble formats 
Here format A0 is identical to B0 such that at least one of these formats (A0 or B0) should be excluded. Format A1 is very similar to B1, in the same way as A2 is similar to B2, and A3 is similar to B3. However, format A1-A3 contains somewhat more transmitted energy (more samples) as compared to corresponding formats B1-B3. Also, if the gNB receiver FFTs are aligned with PUSCH OFDM symbols, then a whole NR-RACH OFDM symbol is receive for format A1-A3 while a small part (the guard period for zero delay UEs) will be missing for format B1-B4. These missing samples will introduce some minor inter-carrier-interference. On the other hand, formats B1-B3 provides better protection than A1-A3 between time multiplexing of NR-PRACH preambles due to guard periods.
The maximum cell radius for format B4 can be larger than the of 3 867 meters according to the agreement in RAN1 NR Ad-Hoc#2, if the gap after the preamble within a slot is considered. See illustration of format B4 in Figure 1, with a gap of 792+144+2048+144+2048 = 5176 samples from end of B4 to the end of the slot, which corresponds to 24 570 meters. Detection of delays larger than the length of one OFDM symbol is described in [3] together with performance evaluations with a cell radius up to 20 km (delays up to 2 OFDM symbols with SCS of 15 kHz).
Furthermore, the use case for format C0 and C1 is unclear since the start of the sequences are not aligned with data symbols. Other formats such as B4 can be used to support larger cell radius than C0 and C1. 

[bookmark: _Toc489623278][bookmark: _Toc489863826][bookmark: _Toc489866950][bookmark: _Toc490031883][bookmark: _Toc490209224]Support NR-RACH formats A0, A1, A2, A3, B1, B2, B3, and B4.

[bookmark: _Hlk489610485]Several of these preambles can be multiplexed in time within one slot, see illustration in Figure 2. For example, NR-RACH preamble format A0 can have 14 multiplexed NR-RACH preambles (from different UEs), while format B4 can only have NR-RACH preamble within one slot in one frequency interval. 

[bookmark: _Toc490031884][bookmark: _Toc490209225]Support time multiplexing of NR-RACH preambles, from different UEs, within a slot

[bookmark: _Hlk489870645]These NR-RACH preambles A0 to A3 and B1 to B4 are aligned with OFDM symbol boundary in Figure 2 according to a note to the agreement. Two time multiplexed preambles of C0 and C1 are aligned to 3 and 5 data OFDM symbols respectively.

[bookmark: _Ref489603594][bookmark: _Hlk489625002]Figure 2. Time multiplexing of several PRACH preambles in one slot, where multiplexed preambles are illustrated with different patterns.

To reduce the impact on the uplink scheduler, the NR-RACH should be allocated time and frequency resources in terms of slots. Here, the length of the slot depends on the sub-carrier spacing for PUSCH where e.g. a sub-carrier of 15 kHz corresponds to a 14 OFDM symbols slot of 1 ms.

[bookmark: _Toc480871339][bookmark: _Toc480871409][bookmark: _Toc480876613][bookmark: _Toc481666456][bookmark: _Toc481739423][bookmark: _Toc484599298][bookmark: _Toc484697451][bookmark: _Toc484936329][bookmark: _Toc485102807][bookmark: _Toc485105463][bookmark: _Toc485189428][bookmark: _Toc485385935][bookmark: _Toc485386208][bookmark: _Toc485386294][bookmark: _Toc485413099][bookmark: _Toc489611074][bookmark: _Toc489623285][bookmark: _Toc489863822][bookmark: _Toc489866949][bookmark: _Toc490209223]Amount of unused time and frequency resources can be reduced by allocating NR-RACH resources in terms an integer number of slots 

Since the UE during initial access is unaware of the sub-carrier spacings of PUSCH, the NR-RACH resources in time can be based on the configured sub-carrier spacing of NR-RACH preambles. For example, if a NR-RACH preamble is configured with a 15 kHz sub-carrier spacing, we propose that the the UE can assume a NR-RACH resource allocation of 1 ms. Then, with larger NR-RACH preamble sub-carrier spacing, such as 30, 60 and up to 120 kHz, the time allocation can be reduced in the same way as the length of a slot for PUSCH depends on the PUSCH sub-carrier spacing. For the NR-RACH preamble format with small sub-carrier spacing, such as 1.25 kHz, a NR-RACH resource of 1 ms can also be allocated since a longer root sequence is then used. The NR-RACH SCS is assumed to be indicated with broadcasted system information.

[bookmark: _Toc485102795][bookmark: _Toc485105483][bookmark: _Toc485105539][bookmark: _Toc485105872][bookmark: _Toc485189396][bookmark: _Toc485189452][bookmark: _Toc485189512][bookmark: _Toc485189586][bookmark: _Toc485385951][bookmark: _Toc485386224][bookmark: _Toc485386281][bookmark: _Toc485413164][bookmark: _Toc485413535][bookmark: _Toc485413637][bookmark: _Toc485413854][bookmark: _Toc489611078][bookmark: _Toc489623280][bookmark: _Toc489863827][bookmark: _Toc489866951][bookmark: _Toc490031885][bookmark: _Toc490209226][bookmark: _Toc480531396][bookmark: _Toc480534911][bookmark: _Toc480817539][bookmark: _Ref480868925][bookmark: _Toc480871275][bookmark: _Toc480871529][bookmark: _Toc480876615][bookmark: _Toc481666449][bookmark: _Toc481739416][bookmark: _Toc484599315][bookmark: _Toc484697469][bookmark: _Toc484936348]Allocate a NR-RACH resource in time as 
1.0 ms for a NR-RACH SCS of 15 kHz, 
0.5 ms for a NR-RACH SCS of 30 kHz, 
0.25 ms for a NR-RACH SCS of 60 kHz, 
0.125 ms for a NR-RACH SCS of 120 kHz, 
1.0 ms for a NR-RACH SCS of 1.25 kHz, and 
0.25 ms for a NR-RACH SCS of 5 kHz.

Gap for PDCCH in NR-RACH preambles
Gaps for PDCCH can be introduced before NR-RACH preambles as illustrated in an example in Figure 3. Here a gap is inserted corresponding to 2 OFDM symbols and a sub-carrier spacing of 15 kHz for PDCCH. The length of the gap must thus be signalled to the UE with a broadcast signal before transmitting NR-RACH preambles. This gap might for example be expressed as number of PDCCH OFDM symbols and sub-carrier spacing of PDCCH. 

[bookmark: _Toc481737634][bookmark: _Toc481761649][bookmark: _Toc481762154][bookmark: _Toc481762426][bookmark: _Toc484772237][bookmark: _Toc485033988][bookmark: _Toc485034006][bookmark: _Toc485034816][bookmark: _Toc485034981][bookmark: _Toc485043967][bookmark: _Toc485117550][bookmark: _Toc485198767][bookmark: _Toc485204872][bookmark: _Toc485204876][bookmark: _Toc485205817][bookmark: _Toc485386481][bookmark: _Toc489611080][bookmark: _Toc489623282][bookmark: _Toc489863828][bookmark: _Toc489866952][bookmark: _Toc490031886][bookmark: _Toc490209227]The gNB configures the timing of the start of a NR-RACH preamble allocation in a slot

[bookmark: _Hlk489863750]The NR-RACH preamble formats A0-A3, B0-B4 and C0-C1 are not changed by introducing a gap for PDCCH. The only impact is that the number of multiplexed NR-RACH preambles per slot is reduced. 

[bookmark: _Ref481736164]Figure 3. Gaps for PDCCH included in slots partly allocated to NR-RACH

Preamble sequence configuration
NR-RACH preamble sequences can be configured by
1. Preamble format
2. Root sequence
3. Cyclic shift configuration
4. [bookmark: _Hlk489867392]Time allocation (slot index within frame)
5. Frequency allocation
6. [bookmark: _Hlk489863686]Start position within slot (OFDM symbol index)
7. Number of NR-RACH preambles in one cell
See [2] for more information. Like LTE, restricted sets can be defined.


Conclusion
In section 2 we made the following observations:
Observation 1	Amount of unused time and frequency resources can be reduced by allocating NR-RACH resources in terms an integer number of slots

Based on the discussion in section 2 we propose the following:
Proposal 1	Support NR-RACH formats A0, A1, A2, A3, B1, B2, B3, and B4.
Proposal 2	Support time multiplexing of NR-RACH preambles, from different UEs, within a slot
Proposal 3	Allocate a NR-RACH resource in time as  1.0 ms for a NR-RACH SCS of 15 kHz,  0.5 ms for a NR-RACH SCS of 30 kHz,  0.25 ms for a NR-RACH SCS of 60 kHz,  0.125 ms for a NR-RACH SCS of 120 kHz,  1.0 ms for a NR-RACH SCS of 1.25 kHz, and  0.25 ms for a NR-RACH SCS of 5 kHz.
Proposal 4	The gNB configures the timing of the start of a NR-RACH preamble allocation in a slot
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