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[bookmark: _Ref471367327]Introduction
For NR-RACH design, agreements in RAN1 NR Ad-Hoc#2 include the following:

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

Agreements:
· For contention-based random access, an association between an SS block in the SS burst set and a subset of RACH resources and/or preamble indices is configured by a set of parameters in RMSI.
· RAN1 strives to use the same set of parameters for different cases, e.g. analog/hybrid/digital beamforming at gNB, level of gNB beam correspondence, number of SS blocks, number of frequency multiplexed PRACH resources, PRACH resource density in time etc.
· RAN1 strives to minimize the set of parameters.
· FFS the set of parameters
· FFS the number of SS blocks (if indicated in RMSI or MIB), e.g. the actually transmitted SS blocks or the maximum number (L).

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

Agreements:
· Preamble formats for PRACH with short sequence length support preamble formats A0, C0 and C2 in addition to the agreed formats A1, A2, A3, B1, B2, B3 and B4
	Preamble format
	# of seq.
	TCP
	TSEQ
	TGP
	Path profile (Ts)
	Path profile (us)
	Max cell radius (m)
	Use case

	C0
	1
	1240
	2048
	1096
	144
	4.69
	5300
(660 in case of 120 kHz SCS)
	Normal cell

	C2
	4
	2048
	8192
	2916
	144
	4.69
	9200 
(1160 in case of 120 kHz SCS))
	Normal cell




Agreements:
· For initial access, either long sequence based preamble or short sequence based preamble is configured in a RACH configuration
	
Agreements:
· NR studies reporting of SS block index, e.g., strongest SS block index, through Msg3 of contention based random access
· NR studies reporting of multiple SS block indices through Msg1 of contention free random access procedure
· e.g. network can assign multiple RACH transmission times and RACH preambles to the UE. UE can convey one SS block index by selecting a RACH transmission time and another SS block index implicitly by selecting a RACH preamble

[bookmark: _Hlk494285079]NR-RACH agreements and working assumptions in RAN1 NR Ad-Hoc#3 include the following:

Working assumption:
· L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence

Agreements:
· NR defines the pattern of the slots that contain PRACH resource(s) in to a larger time interval
· FFS: time interval e.g 5/10/20ms
· FFS pattern
· FFS numerology of the slot e.g SS block, UL/DL, Msg1 or PUSCH
· FFS: Within each slot 
· Alt1: RACH resources within a slot are consecutive
· Alt2:RACH resources within a slot are not consecutive, e.g to handle the case of CORESET monitoring , in the 2/4/7 symbols

Agreements:
· At least for initial access, the association between SS blocks and RACH preamble indices and/or RACH resources is based on the actually transmitted SS blocks indicated in RMSI

In this contribution, we focus on NR-RACH configurations (Section 2.1) and NR-RACH allocations within a slot (Section 2.2).  This contribution is a revision of parts of [8]. RACH capacity enhancements are discussed in [7].
[bookmark: _Ref178064866]Discussion
[bookmark: _Toc468450825][bookmark: _Ref492548814][bookmark: _Ref485385801]Configuration of NR-RACH preamble
If the gNB can identify which SS-block beamforming is best for the UE, then the same beamforming can be used for transmitting RAR and subsequent DL transmissions. This is especially useful when the RAR beamforming cannot be based on reciprocity from NR-RACH preamble reception. Systems based on FDD and scenarios with high interference levels are two examples in which a notification of best SS-block to gNB can be useful. With beamformed SS-block and an association between best received SS-block and NR-RACH preamble, the gNB receiving the NR-RACH preamble is informed about best received SS-block at the UE.
RACH configuration common for all SS-blocks
The UE selects randomly a preamble out of a set of configured NR-RACH preambles. 
This set of NR-RACH preamble sequences can be configured by
1. Preamble format
· See agreements above for NR-RACH preamble formats including sub-carrier spacings. The 15 kHz SCS case is also illustrated in Figure 1
2. Root sequence
· Can be logical root sequence number between 0 and length of Zadoff-Chu sequence minus two, like RACH_ROOT_SEQUENCE as used in LTE [4] 
3. Cyclic shift configuration
· Specify amount of cyclic shift of root sequence. Implicitly this parameter then also specifies the number of cyclic shifts to be used for each root sequence. See e.g. “zeroCorrelationZoneConfig” in table 5.7.2-2 of [4]
4. Time allocation
· Specification of when in a frame NR-RACH preambles are allocated. Can be specified in terms of a configuration table similar to LTE, see Section 2.1.2.7. This can handle also the association time period discussed in [5].
5. Frequency allocation
· Position in frequency which can be absolute or in relation to detected SS-block
6. Start position within slot (OFDM symbol index)
· For example to be used for introducing a gap for PDCCH, see Figure 2 and [1] 
7. Number of NR-RACH preambles associated with one SS burst set
· See [2][3] where the number of NR-RACH preambles associated with one SS burst set is proposed to be configured by higher layers, typically in RMSI
8. Total number of frequency resources
· Only needed for deriving associations in the case without time separation (see Section 2.1.2.2)
9. Number of SS blocks associated with each RACH preamble (preamble occasion and sequence) 
· For many-to-one associations (see Section 2.1.2.6, cf. also [5]) 
Allocating NR-RACH preambles can be done in a similar way as done in LTE where the NR-RACH preambles are allocated first in order of cyclic shift and then in order of logical root index:
“There are 64 preambles available in each cell. The set of 64 preamble sequences in a cell is found by including first, in the order of increasing cyclic shift, all the available cyclic shifts of a root Zadoff-Chu sequence with the logical index RACH_ROOT_SEQUENCE, where RACH_ROOT_SEQUENCE is broadcasted as part of the System Information. Additional preamble sequences, in case 64 preambles cannot be generated from a single root Zadoff-Chu sequence, are obtained from the root sequences with the consecutive logical indexes until all the 64 sequences are found.”
Also, the time allocation pattern can be configured using a table similar to LTE table 5.7.1-2 in 36.211 [4] , see Section 2.1.2.7.
[image: ]
[bookmark: _Ref480533473]Figure 1. NR-RACH preamble formats with SCS of 15 kHz
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[bookmark: _Ref492548710]Figure 2. NR-RACH preamble formats with SCS of 15 kHz, with gap for PDCCH.

Relation between SS-blocks and random access configurations
From [5] we adopt the following definition (with “PRACH” replaced by “NR-RACH preamble” for consistency with the rest of the present contribution):

	Definition
1. An NR-RACH preamble time instance is the time instance of an NR-RACH preamble transmission occasion. In other words, there may be multiple frequency multiplexed NR-RACH preamble transmission occasions on the same NR-RACH preamble time instance. 



We will for brevity sometimes write just time instance when there is no ambiguity. Note that in [6], PRACH transmission occasion was defined as the time-frequency resource on which a RACH preamble is transmitted. 
Several NR-RACH preambles can be time multiplexed in a slot for NR-RACH preamble formats A0, A1, A2, A3, B1, B2, B3, C0 and C2, see illustration in Figure 1 and also Section 2.2. Then the NR-RACH preambles can be found from including not only cyclic shifts and root sequences, but also NR-RACH preamble time instances within a slot. Here, time instances inside a slot provides better isolation between NR-RACH preambles than different root indices. Low correlation between NR-RACH preambles is especially important within a beam. This since NR-RACH preambles transmitted from different physical location (corresponding to different receiver beams) will have reduced correlations based on different spatial signatures. 
By allocating NR-RACH preambles within each beam to different time instances before using another sequence, the correlation between NR-RACH preambles used within a beam is reduced.
With an equal number of NR-RACH preambles associated with each SS-block in an SS-burst set, then the available number of NR-RACH preambles associated with one SS burst set, denoted by , can be written as  where is the used number of SS-blocks within an SS block burst set and  is the number of NR-RACH preambles associated to each SS-block. 
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Hence, if  is smaller than the maximum number of SS-blocks , then the number of NR-RACH preambles per SS-block is increased, for a fixed  number of preambles associated with one SS burst set. 
A somewhat straightforward approach of associating NR-RACH preambles to SS-blocks is to consequently map  NR-RACH preambles to each SS-block, such that the first SS-block is associated with NR-RACH preambles  with the set of  NR-RACH preambles associated with one SS burst set, the second SS-block with , and so on.
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The order in which to iterate over the NR-RACH preambles depends on whether there are requirements on time separation between preambles due to analog beam forming. 
[bookmark: _Ref494394591]Association with time separation requirement for NR-RACH preambles
If the gNB only has analog beamforming for the NR-RACH preamble detector, the NR-RACH preamble detector can only receive signals in one spatial direction in each time interval. Time separation of NR RACH preamble configuration must then be adequately considered. Hence, multiple frequency allocations are not useful.
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	1.	the available cyclic shifts of a root Zadoff-Chu sequence
	2.	increasing root index 
	3.	increasing NR-RACH preamble time instances within a slot 
	4.	increasing slot index

Here, the number of cyclic shifts to include is configured in a similar way as in LTE where a “zeroCorrelationZoneConfig” is used, see table 5.7.2-2 in [4]. The time instance in a slot depends on NR-RACH preamble format where different number of time shifted NR-RACH preambles fit into one slot depending on length of each NR-RACH preamble, see Figure 1. For Zadoff-Chu sequences of length , the number of sequnces equals , such that sequences of a length of 139 results in 138 root sequences. 
Note that the iteration over cyclic shifts (step 1) and increasing root indices (step 2) only continues until the number of preambles per SS-blocks (i.e. ) has been reached, after which the time instance within a slot is increased (step 3). 
[bookmark: _Ref494394593]Association without time separation requirement for NR-RACH preambles
If the gNB has digital beamforming, there is no requirement on time separation of NR RACH preambles corresponding to different SS-blocks. This allows for more compact allocation in time of preambles. Also, one may then map over increasing time instances within a slot before associating over increasing roots. As discussed above, this leads to better orthogonality (lower correlation) between NR RACH preambles corresponding to the same SS-block beam. 

[bookmark: _Ref492565038][bookmark: _Toc492619656][bookmark: _Toc492620006][bookmark: _Toc492622373][bookmark: _Toc492633725][bookmark: _Toc492634891][bookmark: _Toc492635874][bookmark: _Toc492636622][bookmark: _Toc492902309][bookmark: _Toc492902363][bookmark: _Toc494284353][bookmark: _Toc494399273][bookmark: _Toc494434893][bookmark: _Toc494739038][bookmark: _Toc494739088][bookmark: _Toc494739119][bookmark: _Toc494739157][bookmark: _Toc494739230]With no time separation of NR-RACH preambles corresponding to different SS-blocks, the set of NR-RACH preamble sequences associated with one SS burst set is determined in the order of 
	1.	the available cyclic shifts of a root Zadoff-Chu sequence
	2.	increasing NR-RACH preamble time instances within a slot
	3.	increasing root index
	4.	increasing frequency allocation
	5.	increasing slot index

Two examples of associations are given in Sections 2.1.2.3 and 2.1.2.4, with one example for high carrier frequency and one example for low carrier frequency. For each example, both an association with and without time separation of NR-PRACH preambles are given. From these examples, the association with time separation requires much more time and frequency resources than without time separation.

[bookmark: _Toc492622363][bookmark: _Toc492633715][bookmark: _Toc492635864][bookmark: _Toc492636612][bookmark: _Toc492902299][bookmark: _Toc492902353][bookmark: _Toc494284344][bookmark: _Toc494396521][bookmark: _Toc494434887][bookmark: _Toc494739032][bookmark: _Toc494739082][bookmark: _Toc494739113][bookmark: _Toc494739151][bookmark: _Toc494739224]Time separation of NR-PRACH preambles results in higher overhead as compared to without time separation, in association from SS-blocks to NR-PRACH preambles.

[bookmark: _Ref492564565]Example high carrier frequency
As an example, consider a carrier frequency for which the maximum number of SS-blocks equals 64. This maximum number of SS-blocks might be used above 6 GHz according to agreements from RAN1#88bis. For these carrier frequencies, a small cell size can also be assumed, such that NR-RACH preamble formats with shorter NR-RACH preambles and small guard time can be used.
Assume a configuration with 8 NR-RACH preambles per SS-block such that  NR-RACH preambles are defined per SS burst set, see [1] for a discussion about number of preambles associated with one SS burst set. For example, NR-RACH preambles can be constructed by 
· 2 cyclic shifts per NR-RACH preamble, 
· 7 NR-RACH preambles per slot (i.e. format A1 in Figure 1), 
· 138 root sequences (i.e. Zadoff-Chu of length 139), and 
· 1 frequency allocation, 
resulting in  NR-RACH preambles which is significantly more than the required 512 NR-RACH preambles.
An illustration of non-time separated NR-RACH preambles is given in Figure 3, where arrows indicate the associations from SS-blocks to NR-RACH preamble resources. Here, the order of associtation is done as Proposal 5, i.e. in the order cyclic shifts, increasing time instances within a slot, increasing root index, increasing frequency allocation and increasing slot index. The first SS-block 0, is using 2 cyclic shifts of 4 time positions of the NR-RACH preamble. The second SS block 1, also use 2 cyclic shifts but starting at the 5th multiplexed NR-RACH preamble. Here the 5th, 6th, 7th and 1st  multiplexed NR-RACH preambles are used, but where another root sequence is used for the 1st multiplexed NR-RACH preamble as compared to SS block 0.

[bookmark: _Ref480527165]Figure 3. Association between SS-blocks and NR-RACH preambles (without time separation) for high carrier frequency
An illustration of time separated NR-RACH preambles is given in Figure 4, where arrows indicate the associations from SS-blocks to NR-RACH preamble resources. Here, the order of association is done as in Proposal 4, i.e. in the order cyclic shifts, increasing root index, increasing time instance within a slot, and increasing slot index. The first SS-block 0, is using 2 cyclic shifts of 4 root sequences of the NR-RACH preamble. The second SS block 1, also use 2 cyclic shifts and 4 sequences but in the 2nd multiplexed NR-RACH preamble. In the same way, the third SS block is associated with the 3rd time multiplexed NR-RACH preamble until the 7th SS block when all possible time multiplexed NR-RACH preambles within one slot and frequency allocation is used. The 8th SS block is thus associated with another slot but can again use the 1st time multiplexed NR-RACH preamble position within this second slot. For 64 preambles, an allocation of 9 full slots and 2 OFDM symbols of a 10th slot is thus needed

[bookmark: _Ref489943365]Figure 4. Association between SS-blocks and NR-RACH preambles (with time separation) for high carrier frequency
[bookmark: _Ref492564566]Example low carrier frequency
Consider an example with 4 SS-blocks, as might be used for lower carrier frequencies according to agreements in RAN1#88bis. Assume high capacity such that 64 NR-RACH preambles are associated to each SS-block resulting in 256 NR-RACH preambles associated with one SS burst set, see [7] for a discussion about number of preambles associated with one SS burst set.
These 256 NR-RACH preambles can then be constructed by 
· 1 cyclic shifts
· 1 NR-RACH preamble per slot (e.g. 14 OFDM symbols/preamble, i.e. format B4 in Figure 1)
· 138 root sequences (i.e. Zadoff-Chu of length 139)
· 2 frequency allocations
The maximum number of NR-RACH preambles with this configuration equals 1*1*138*2=276 which is larger than the required 256 NR-RACH preambles associated with one SS burst set. 
An illustration of the association of SS-blocks with NR-RACH preambles is give in Figure 5 without time separation. Here, first SS-block 0, is using 1 cyclic shifts of 1 time positions of the NR-RACH preamble and 64 root sequences. The second SS block 1, also use 1 cyclic shifts of 1 time position of the NR-RACH preamble but different 64 root sequences as compared to SS block 0. The SS block 3 use remaining 10 root sequences at the same time and frequency allocation as SS block 0 and 1, in addition to 54 root sequences at another frequency allocation.


[bookmark: _Ref480527130]Figure 5. Association between SS-blocks and NR-RACH preambles (without time separation) for low carrier frequency
An illustration of the association between SS-blocks and NR-RACH preambles is give in Figure 5, with time separation of NR-PRACH preambles. Here, first SS-block 0, is using 1 cyclic shifts of 1 time positions of the NR-RACH preamble and 64 root sequences. The second SS block 1, also use 1 cyclic shifts of 1 time position of the NR-RACH preamble but in another slot as compared to SS block 0. The SS block 2 and 3 use a third and a fourth slot.


Figure 6. Association between SS-blocks and NR-RACH preambles (with time separation) for low carrier frequency

[bookmark: _Ref492635106]Repetition of configuration
As noted in, e.g., [5], one may wish to repeat the same SS-block to NR-RACH preamble association configuration pattern multiple times. In [5], the repetition of the association configuration is achieved by specifying an association time period between repetitions. We formalize this further in the form of an NR-RACH configuration table provided in Section 2.1.2.7. Note that for contention-based access, only one actual UE transmission should be allowed before the end of the RAR window.
[bookmark: _Ref494394680]One-to-one and many-to-one
[bookmark: _Hlk492632773]The descriptions above are focused on the case where only a single SS-block is associated with a given PRACH preamble, i.e. a one-to-one association (mapping). As pointed out in [5], it may be useful to support a many-to-one association, i.e. an association of multiple SS-blocks with the same PRACH preamble. Examples provided include the case of TRP with analog beamforming and without beam correspondences or the case of TRP with digital beamforming and beam correspondence.
A many-to-one association can be achieved using a framework with PRACH groups as in [5], henceforth referred to as NR-RACH groups for consistency with the terminology in the present contribution. An NR-RACH group is defined as follows:
  
	Definition
A. An NR-RACH group is a subset of NR-RACH resources and/or a subset of preamble indices. 



In the many-to-one case, multiple SS blocks are associated with the same NR-RACH group. In a one-to-one association, only a single SS block is associated with each NR-RACH group. 
Many-to-one associations may raise some issues in practice. If downlink or uplink channel conditions (including beamforming aspects) are not fully reciprocal, or beams overlap partially, then the gNB may have difficulties to uniquely identifying the best SSB within an SSB association group based on the received NR-RACH preambles. In such case one may wish to consider allowing Msg. 2 RA-RNTI to indicate not a single SSB index, but rather an index referring to an NR-RACH group. To this end, one may define an NR-RACH group index to identify each NR-RACH group. See [9] for further discussion.
[bookmark: _Ref494396348]Configuration table
The time allocation patterns for NR-RACH can be configured using a table, similar to the LTE table 5.7.1-2 in 36.211 [4]. In LTE there are 64 PRACH configuration indices, rather evenly distributed between the 4 preamble formats (of frame structure type 1), i.e. on average 16 PRACH configurations per preamble format. In NR, 14 preamble formats have been agreed. With 128 PRACH configuration indices for NR, one could have 9–10 configurations per preamble format. 
A draft of such a configuration table for use below 6 GHz is provided in Table 1. (For convenience, the NR-RACH formats are listed in Table 2 and Table 3.) The configuration table indicates start positions for NR-RACH allocations. Each start position marks the beginning of a full set of NR-RACH resources needed to provide associations for the set of actually transmitted SS blocks of the last SS burst set. This full set of NR-RACH resources will in general not correspond to exactly one subframe of NR-RACH resources. This is similar to LTE, where some long preamble formats may occupy more than one subframe. Note that the use of frames and subframes (as opposed to slots) ensures that NR-RACH locations in time can be aligned between numerologies. The start positions were selected in consideration of how SS blocks maps to slots of a half-frame, see the agreements included below for convenience. Note also that NR-RACH preamble format 2, which has very long preamble, has been dedicated fewer table rows than the shorter formats 0, 1, and 3. Similar holds for B4 as compared to the other An and Bn formats (for n<4).
An analogous table can be provided for above 6 GHz, but since NR-RACH preamble formats 0–3 are then not allowed, a larger number of table rows can then be dedicated to each of the remaining formats.

[bookmark: _Toc494399274][bookmark: _Toc494434894][bookmark: _Toc494739039][bookmark: _Toc494739089][bookmark: _Toc494739120][bookmark: _Toc494739158][bookmark: _Toc494739231]NR-RACH configurations can be specified using a table similar to LTE table 5.7.1-2 in 3GPP TS 36.211. The table should, for each configuration index, indicate start positions for NR-RACH allocations in terms of system frame numbers and subframe numbers.

The UE should only be allowed to transmit NR-RACH preambles at time instances which are not indicated in RMSI as used for actually transmitted SS blocks. This in order to avoid the need for full duplex in the TRP.
[bookmark: _GoBack]
[bookmark: _Toc494739040][bookmark: _Toc494739090][bookmark: _Toc494739121][bookmark: _Toc494739159][bookmark: _Toc494739232]The UE should only be allowed to transmit NR-RACH preambles at time instances not indicated as used for actually transmitted SS blocks.

Table 1 Draft NR-RACH configuration table for use below 6 GHz
	NR-RACH Configuration Index
	Preamble Format
	System frame number
	Subframe number
	NR-RACH Configuration Index
	Preamble Format
	System frame number
	Subframe number

	0
	[0]
	[Even]
	[1]
	64
	[A2]
	[Any]
	[1, 6]

	1
	[0]
	[Even]
	[2]
	65
	[A2]
	[Any]
	[2, 7]

	2
	[0]
	[Even]
	[4]
	66
	[A2]
	[Any]
	[4, 9]

	3
	[0]
	[Any]
	[1]
	67
	[A3]
	[Even]
	[1]

	4
	[0]
	[Any]
	[2]
	68
	[A3]
	[Even]
	[2]

	5
	[0]
	[Any]
	[4]
	69
	[A3]
	[Even]
	[4]

	6
	[0]
	[Any]
	[1, 6]
	70
	[A3]
	[Any]
	[1]

	7
	[0]
	[Any]
	[2, 7]
	71
	[A3]
	[Any]
	[2]

	8
	[0]
	[Any]
	[4, 9]
	72
	[A3]
	[Any]
	[4]

	9
	[0]
	[Any]
	[1, 4, 7]
	73
	[A3]
	[Any]
	[1, 6]

	10
	[0]
	[Any]
	[2, 5, 8]
	74
	[A3]
	[Any]
	[2, 7]

	11
	[1]
	[Even]
	[1]
	75
	[A3]
	[Any]
	[4, 9]

	12
	[1]
	[Even]
	[2]
	76
	[B1]
	[Even]
	[1]

	13
	[1]
	[Even]
	[4]
	77
	[B1]
	[Even]
	[2]

	14
	[1]
	[Any]
	[1]
	78
	[B1]
	[Even]
	[4]

	15
	[1]
	[Any]
	[2]
	79
	[B1]
	[Any]
	[1]

	16
	[1]
	[Any]
	[4]
	80
	[B1]
	[Any]
	[2]

	17
	[1]
	[Any]
	[1, 6]
	81
	[B1]
	[Any]
	[4]

	18
	[1]
	[Any]
	[2, 7]
	82
	[B1]
	[Any]
	[1, 6]

	19
	[1]
	[Any]
	[4, 9]
	83
	[B1]
	[Any]
	[2, 7]

	20
	[1]
	[Any]
	[1, 4, 7]
	84
	[B1]
	[Any]
	[4, 9]

	21
	[1]
	[Any]
	[2, 5, 8]
	85
	[B2]
	[Even]
	[1]

	22
	[2]
	[Even]
	[1]
	86
	[B2]
	[Even]
	[2]

	23
	[2]
	[Even]
	[2]
	87
	[B2]
	[Even]
	[4]

	24
	[2]
	[Even]
	[4]
	88
	[B2]
	[Any]
	[1]

	25
	[2]
	[Any]
	[1]
	89
	[B2]
	[Any]
	[2]

	26
	[2]
	[Any]
	[2]
	90
	[B2]
	[Any]
	[4]

	27
	[2]
	[Any]
	[4]
	91
	[B2]
	[Any]
	[1, 6]

	28
	[2]
	[Any]
	[1, 6]
	92
	[B2]
	[Any]
	[2, 7]

	29
	[3]
	[Even]
	[1]
	93
	[B2]
	[Any]
	[4, 9]

	30
	[3]
	[Even]
	[2]
	94
	[B3]
	[Even]
	[1]

	31
	[3]
	[Even]
	[4]
	95
	[B3]
	[Even]
	[2]

	32
	[3]
	[Any]
	[1]
	96
	[B3]
	[Even]
	[4]

	33
	[3]
	[Any]
	[2]
	97
	[B3]
	[Any]
	[1]

	34
	[3]
	[Any]
	[4]
	98
	[B3]
	[Any]
	[2]

	35
	[3]
	[Any]
	[1, 6]
	99
	[B3]
	[Any]
	[4]

	36
	[3]
	[Any]
	[2, 7]
	100
	[B3]
	[Any]
	[1, 6]

	37
	[3]
	[Any]
	[4, 9]
	101
	[B3]
	[Any]
	[2, 7]

	38
	[3]
	[Any]
	[1, 4, 7]
	102
	[B3]
	[Any]
	[4, 9]

	39
	[3]
	[Any]
	[2, 5, 8]
	103
	[B4]
	[Even]
	[4]

	40
	[A0]
	[Even]
	[1]
	104
	[B4]
	[Any]
	[1]

	41
	[A0]
	[Even]
	[2]
	105
	[B4]
	[Any]
	[2]

	42
	[A0]
	[Even]
	[4]
	106
	[B4]
	[Any]
	[4]

	43
	[A0]
	[Any]
	[1]
	107
	[B4]
	[Any]
	[1, 6]

	44
	[A0]
	[Any]
	[2]
	108
	[B4]
	[Any]
	[2, 7]

	45
	[A0]
	[Any]
	[4]
	109
	[B4]
	[Any]
	[1, 4, 7]

	46
	[A0]
	[Any]
	[1, 6]
	110
	[C0]
	[Even]
	[1]

	47
	[A0]
	[Any]
	[2, 7]
	111
	[C0]
	[Even]
	[2]

	48
	[A0]
	[Any]
	[4, 9]
	112
	[C0]
	[Even]
	[4]

	49
	[A1]
	[Even]
	[1]
	113
	[C0]
	[Any]
	[1]

	50
	[A1]
	[Even]
	[2]
	114
	[C0]
	[Any]
	[2]

	51
	[A1]
	[Even]
	[4]
	115
	[C0]
	[Any]
	[4]

	52
	[A1]
	[Any]
	[1]
	116
	[C0]
	[Any]
	[1, 6]

	53
	[A1]
	[Any]
	[2]
	117
	[C0]
	[Any]
	[2, 7]

	54
	[A1]
	[Any]
	[4]
	118
	[C0]
	[Any]
	[4, 9]

	55
	[A1]
	[Any]
	[1, 6]
	119
	[C2]
	[Even]
	[1]

	56
	[A1]
	[Any]
	[2, 7]
	120
	[C2]
	[Even]
	[2]

	57
	[A1]
	[Any]
	[4, 9]
	121
	[C2]
	[Even]
	[4]

	58
	[A2]
	[Even]
	[1]
	122
	[C2]
	[Any]
	[1]

	59
	[A2]
	[Even]
	[2]
	123
	[C2]
	[Any]
	[2]

	60
	[A2]
	[Even]
	[4]
	124
	[C2]
	[Any]
	[4]

	61
	[A2]
	[Any]
	[1]
	125
	[C2]
	[Any]
	[1, 6]

	62
	[A2]
	[Any]
	[2]
	126
	[C2]
	[Any]
	[2, 7]

	63
	[A2]
	[Any]
	[4]
	127
	[C2]
	[Any]
	[4, 9]




Table 2 NR-RACH formats for long sequence (L = 839) 
	Preamble
format
	SCS (kHz)
	BW (MHz)
	N_OS
	N_RP
	T_SEQ (Ts)
	T_CP (Ts)
	T_GP (Ts)
	Use case

	0
	1.25
	1.08
	1
	1
	24576
	3168
	2975
	LTE refarming

	1
	1.25
	1.08
	2
	1
	2*24576
	21024
	21904
	Large cell, up to 100 km

	2 (3.5 ms) 
	1.25
	1.08
	4
	1
	4*24576
	4688
	4528
	Coverage enhancement

	3 (1 ms)
	5
	4.32
	4
	1
	4*6144
	3168
	2976
	High speed case



Table 3 NR-RACH formats for short sequence 
	Preamble
format
	# of 
seq.
	TCP
	TSEQ
	TGP
	Path profile 
(Ts)
	Path profile 
(s)
	Maximum 
cell radius
(m)
	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
	1
	2
	216
	4096
	72
	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
	1096
	144
	4.69
	5300 *
	Normal cell

	
	2
	4
	2048
	8192
	2916
	144
	4.69
	9200 **
	Normal cell


* 660 in case of 120 kHz SCS
** 1160 in case of 120 kHz SCS


Agreements:
· For 15k Hz, 30 kHz, and 120 kHz subcarrier spacing, the following mapping to slots in a half radio frame is agreed
· Note: For NR and LTE coexistence, duplex direction alignment can be achieved by subframe offset
[image: ]
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Agreements:
· For 240 kHz subcarrier spacing, the following mapping slot in a half radio frame is agreed
[image: ]




[bookmark: _Ref492636093][bookmark: _Ref492548821]RACH allocations within a slot
[bookmark: _Hlk489610485]Several of the preambles can be multiplexed in time within one slot, see illustration in Figure 1. 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][bookmark: _Toc492622375][bookmark: _Toc492633727][bookmark: _Toc492634893][bookmark: _Toc492635876][bookmark: _Toc492636624][bookmark: _Toc492902311][bookmark: _Toc492902365][bookmark: _Toc494284354][bookmark: _Toc494399275][bookmark: _Toc494434895][bookmark: _Toc494739041][bookmark: _Toc494739091][bookmark: _Toc494739122][bookmark: _Toc494739160][bookmark: _Toc494739233]Support time multiplexing of NR-RACH preambles, from different UEs, within a slot

[bookmark: _Hlk489870645]These NR-RACH preambles A0 to A3, B1 to B4, and C2 are aligned with OFDM symbol boundary in Figure 1 according to a note to the agreement. Two time multiplexed preambles of C0 are aligned to 3 PUSCH OFDM symbols respectively.
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][bookmark: _Toc492622364][bookmark: _Toc492633716][bookmark: _Toc492635865][bookmark: _Toc492636613][bookmark: _Toc492902300][bookmark: _Toc492902354][bookmark: _Toc494284345][bookmark: _Toc494396522][bookmark: _Toc494434888][bookmark: _Toc494739033][bookmark: _Toc494739083][bookmark: _Toc494739114][bookmark: _Toc494739152][bookmark: _Toc494739225]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 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: _Toc492622376][bookmark: _Toc492633728][bookmark: _Toc492634894][bookmark: _Toc492635877][bookmark: _Toc492636625][bookmark: _Toc492902312][bookmark: _Toc492902366][bookmark: _Toc494284355][bookmark: _Toc494399276][bookmark: _Toc494434896][bookmark: _Toc494739042][bookmark: _Toc494739092][bookmark: _Toc494739123][bookmark: _Toc494739161][bookmark: _Toc494739234][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.


Conclusion
In section 2 we made the following observations:
Observation 1	Time separation of NR-PRACH preambles results in higher overhead as compared to without time separation, in association from SS-blocks to NR-PRACH preambles.
Observation 2	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	Define the available number of NR-RACH preambles associated with one SS burst set as   where  is the number of used SS-blocks within an SS block set and  is the number of NR-RACH preambles associated with each SS-block
Proposal 2	The association from the  NR-RACH preambles associated with one SS burst set with L’ SS-blocks is done by consecutively map  NR-RACH preambles to each SS-block
Proposal 3	Consider an NR-RACH preamble configuration for required time separation of NR-RACH preambles corresponding to different SS-blocks, e.g. to be used with analog beaming in gNB
Proposal 4	With requirement on time separation of NR-RACH preambles corresponding to different SS-blocks, the set of NR-RACH preamble sequences associated with one SS burst set is determined in the order of  1. the available cyclic shifts of a root Zadoff-Chu sequence  2. increasing root index   3. increasing NR-RACH preamble time instances within a slot   4. increasing slot index
Proposal 5	With no time separation of NR-RACH preambles corresponding to different SS-blocks, the set of NR-RACH preamble sequences associated with one SS burst set is determined in the order of   1. the available cyclic shifts of a root Zadoff-Chu sequence  2. increasing NR-RACH preamble time instances within a slot  3. increasing root index  4. increasing frequency allocation  5. increasing slot index
Proposal 6	NR-RACH  configurations can be specified using a table similar to LTE table 5.7.1-2 in 3GPP TS 36.211. The table should, for each configuration index, indicate start positions for NR-RACH allocations in terms of system frame numbers and subframe numbers.
Proposal 7	The UE should only be allowed to transmit NR-RACH preambles at time instances not indicated as used for actually transmitted SS blocks.
Proposal 8	Support time multiplexing of NR-RACH preambles, from different UEs, within a slot
Proposal 9	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.
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For 30/60/120 kHz subcarrier spacing, preamble format can be scaled according to subcarrier spacing. 
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2  4  576  8192  0  144   4.69   2,109  Normal cell  
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1  2  1384  4096  0  144  4.69  6000  Normal cell  
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