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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.
In this contribution, we discuss the remaining open points of the PRACH formats. Specifically, we consider the following points:
· Remaining open points relating to the PRACH preamble design for long and short sequences.
· PRACH preamble capacity enhancement.
· PRACH configuration and resource allocation.
2	PRACH Preamble Design
2.1	Short Sequence Length
In RAN1 #NR-AH3 ‎[3], the following working assumption was reached:
Working assumption:
· L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence



We would to confirm this working assumption.
· Proposal 1: Confirm the working assumption: L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence.

2.2	Preamble cyclic shifts for PRACH preamble format 3 of the long sequence.
In RAN1 #NR-AH3 ‎[3], the cyclic shift table for RACH preamble format 3 of the long sequence was agreed. However, several values where set as working assumptions, such as Ncs=13 for unrestricted sequences, and Ncs = 36 for restricted sequences of Type A and Type B. The benefit of having such small Ncs values is to allow for more efficient usage of the RACH preamble sequences in case of small cells. For example, with Ncs = 13, it is possible to fit 64 signatures one root sequence (839/13 ~= 64),
Proposal 2: Confirm the working assumption of values in the cyclic shift table for PRACH preamble format 3 when L=839.
3	PRACH preamble capacity enhancement
In RAN1#88b, the following agreement was reached ‎[4]:
Agreements:
· NR RACH capacity shall be at least as high as in LTE
· Such capacity is achieved by time/code/frequency multiplexing for a given total amount of time/frequency resources
· Zadoff-Chu sequence is adopted in NR
· FFS other sequence type and / or other methods in addition to Zadoff-Chu sequence for the scenario, e.g., high speed and large cells
· FFS definition of large cell and high speed
· FFS other sequence type and / or other methods for capacity enhancements, e.g.:
· At least in multi-beam and low speed scenario, regarding multiple/repeated PRACH preamble formats, option 2 with OCC across preambles 
· FFS: Option 2 with OCC across multiple/repeated preambles in high speed scenarios
· PRACH preamble design composed with multiple different ZC sequences
· Sinusoidal modulation on top of option 1

In R1-1716137 ‎[5], the need for PRACH capacity enhancement was demonstrated. Furthermore, several options for capacity enhancement were considered and compared. 
PRACH preamble format option 4 has been shown ‎[5] to achieve an exponential increase in PRACH sequence capacity as a function of the number of PRACH preambles included in the PRACH preamble format.
[bookmark: _Hlk494716654]Observation 1: PRACH preamble format option 4 increases the PRACH sequence capacity exponentially as a function of the number of the PRACH preambles included in the PRACH preamble format.
Direct usage of PRACH preamble format option 4 has some drawbacks:
1. The ambiguity problem. This is described as follows: Assume two UEs attempt to send PRACH preamble format option 4 in the same RACH occasion. Preamble format option 4, with , consists of 2 preambles with different sequences. Now, assume that the first UE sends sequences A B to the base station, and the second UE sends sequences C D to the base station, in which case the base station would detect sequences A and C in the first preamble and B and D in the second preamble. However, the base station cannot associate sequence A with sequence B, or sequence C with sequence D. In this situation, the base station could assume either sequence A D and sequence C B were transmitted, or sequence A B and sequence C D were transmitted, thus resulting in the ambiguity problem.
2. Lower probability of detection, as each preamble is detected independently. 

Observation 2: PRACH preamble format option 4 suffers from PRACH detection ambiguity if more than one UE attempts to send PRACH in the same RACH occasions, and it suffers from lower probability of detection.
As described in ‎[5], it is possible to overcome both of these drawbacks by having a fixed relationship between the preamble sequence indices of the preambles used within PRACH preamble format option 4. This fixed relationship depends on the cell ID. By having this fixed relationship between the preamble sequence indices, it is possible to combine the preambles of the PRACH preamble format before detection. Hence, improving the detection probability. Furthermore, the relationship between the preamble indices is cell dependent, therefore, users from adjacent cells send different PRACH preamble sequence patterns and can be detected independently without any ambiguity.
Proposal 3: In addition to preamble format option 1, NR shall support PRACH preamble format option 4 with fixed relationship between the sequence indices of the RACH preambles that depends on the cell ID. 
3	PRACH configuration and resource allocation
In RAN1 NR-AH3 ‎[3], the following agreement was reached:
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

In this section, we present our views about PRACH configuration and resource allocation.
In LTE, the PRACH preamble parameters including timing and PRACH preamble format are provided to the UE in SIB2. In NR, RACH configuration information is to be included in the RMSI, to allow the UE to send RACH as part of initial access. There are two sets of parameters required for the UE to determine the sequence to use for the PRACH preamble and the time-frequency resource allocation of PRACH resources.
· PRACH preamble format and sequence parameters
This relates to the parameters required to determine the preamble signal to transmit, including the subcarrier spacing, the type of sequence, the duration of the CP and preamble sequence, the number of repetitions of the RACH OFDM symbol, root sequence and cyclic shift, etc.
· PRACH resource allocation parameters
This relates to the parameters required to determine the time and frequency resource the PRACH preamble can be transmitted in.

Proposal 4: For PRACH configuration and resource allocation, support at least the following RRC parameter categories in RMSI:
· PRACH preamble format and sequence parameters
· RACH resource allocation information

3.1	PRACH preamble format and sequence parameters
The parameters given by Table 1 are required to determine the PRACH preamble signal.

[bookmark: _Ref494462652]Table 1: Parameters required to determine the PRACH preamble signal.
	Long sequence
	Short Sequence
	Field size

	Sequence type (Short or Long)
	1-bit

	Preamble format (0 … 3)
	Short sequence preamble type (A, B, A/B or C)
	2-bits

	Sequence type (unrestricted, restricted Type A, restricted Type B)
	Preamble format within each 
	2-bits

	Reserved
	Sub-carrier Spacing (15, 30, 60 or 120 KHz)
	2-bits

	Cyclic shift index
	4-bits

	Root sequence index
	10-bits for long sequence
8-bits for short sequence



In case of short sequence, the allowed preamble format types are A, B, A/B or C. If the preamble format type is A, B or C, then all the preamble formats within a RACH slot use the same preamble format as determined by the preamble format type. If the preamble format type is AB, the first PRACH preamble formats in a RACH slot are of type A, and the last PRACH preamble format in the RACH slot is type B. For example, a RACH slot of type AB, that is 12 symbols long and with 4-symbol RACH preamble formats will have the following preamble formats: A2, A2, B2 in a RACH slot.
Proposal 5: The parameters given by Table 1 are required to identify the PRACH preamble signal.
Similar to LTE, each preamble supports 64 signatures per time frequency RACH resource. If 64 signatures cannot fit on one root sequence, then the next logic root sequence is used, and so on, until all 64 signatures are assigned. The root sequence index of Table 1 gives the first logic root sequence index of the set or root sequences needed to support 64 signatures. 
Proposal 6: Each preamble supports 64 signatures per time frequency RACH resource.
Proposal 7: The root sequence index in the RACH configuration is used to identify the first preamble root sequence index.
3.2	RACH Resource Allocation
In RAN1 #NR-AH3 ‎[3], it was agreed that “NR defines the pattern of the slots that contain PRACH resource(s) into a larger time interval”. We will define the term RACH slots to refer to the slots that contain PRACH resource(s). RACH slots are uplink slots or uplink centric slots. Let T be the “larger time interval” containing a pattern of RACH slots. This pattern repeats periodically every T ms, where T can be 5, 10, 20, 40, 80 or 160 ms. T is signaled as part of the RACH configuration.

Proposal 8: The interval/periodicity of the RACH slot pattern is signaled as part of the RACH configuration.
A bit map is used to identify the RACH slots over the RACH slot pattern interval.
The total number of slots within 160 ms depends on the subcarrier spacing, with subcarrier spacing of 120 KHz, the number of slots in 160 ms is: 160 (subframes) x 8 (8 slots per subframe) = 1280. Having a 1280 bits bitmap to identify RACH slots is not feasible, instead some type of compression is required to reduce the bit map size and yet provide sufficient flexibility to handle different use cases. We propose three levels for identifying RACH resources:
· Level 1 is a bit map for each 5ms period within the RACH slot pattern period. A bit will indicate whether there are RACH slots in a 5ms period or not. This field requires up to 32 bits.
· Level 2 is a bit map for each subframe (1ms) within a 5 ms window. This field requires 5 bits
· Level 3 is a bit map for each slot within a subframe. This field requires a maximum of 8 bits (for 120 KHz SCS)
Thus, a total of 45 bits are required to identify the RACH slots. Figure 1 shows how RACH slots are identified.


Figure 3: Identification of RACH slots

Proposal 9: RACH is transmitted during RACH slots. RACH slots are UL slots or UL centric slots. A compressed bitmap with 3 levels is used to identify the RACH slots. Level 1 is a bit map for each 5ms period within a 160 ms period. Level 2 is a bit map for each subframe within a 5ms period. Level 3 is bit map for each slot within a subframe. A total of 45 bits are required to identify the RACH slots.
The PRACH preamble configuration (including the PRACH preamble format and the PRACH preamble sequence index) described in section 3.1, is common to all RACH slots.
Proposal 10: The PRACH preamble configuration (including the PRACH preamble format and the PRACH preamble sequence index) is common to all RACH slots.
Within each RACH slot, RACH can be transmitted in up to [8] RACH PRB allocations. The RACH PRB allocation is common to all RACH slots. A [3] bit field is required to indicate the number of RACH PRB allocations in a slot. Multiple RACH allocations are allocated consecutively in frequency in two PRB regions close to either edge of the band, hence two starting PRB locations in the frequency domain are required to indicate the start of each RACH region.
Proposal 11: Within a RACH slot there could be multiple RACH PRB allocations. The PRB RACH allocation is common to all RACH slots.
All RACH slots have the same starting symbol, and all RACH slots have the same ending symbol. The starting symbol and ending symbol of the RACH slot is indicated by a 4-bit field for each. For example, for an UL slot, the starting symbol is 0, and the ending symbol is 13.
Proposal 12: All RACH slots have the same starting symbol, and all RACH slots have the same ending symbol.
The number of RACH preambles in a slot is given by:


If the RACH preamble duration exceeds the duration of a RACH slot (for example for some preamble formats of the long sequence), PRACH preamble is assigned to multiple consecutive slots.
RACH resources are indexed in the following order:
· Ascending order of PRACH preamble formats within a RACH slot and the same PRB RACH allocation
· Ascending order of PRB RACH allocations within a RACH slot
· Ascending RACH slots with the RACH slot pattern time interval. 
4	Conclusion
The following proposals have been made regarding the PRACH preamble design
Proposal 1: Confirm the working assumption: L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence.
Proposal 2: Confirm the working assumption of values in the cyclic shift table for PRACH preamble format 3 when L=839.
The following observations and proposal have been made regarding the PRACH capacity enhancements:
Observation 1: PRACH preamble format option 4 increases the PRACH sequence capacity exponentially as a function of the number of the PRACH preambles included in the PRACH preamble format.
Observation 2: PRACH preamble format option 4 suffers from PRACH detection ambiguity if more than one UE attempts to send PRACH in the same RACH occasions, and it suffers from lower probability of detection.
Proposal 3: In addition to preamble format option 1, NR shall support PRACH preamble format option 4 with fixed relationship between the sequence indices of the RACH preambles that depends on the cell ID. 
The following proposals have been made regarding the PRACH configuration and resource allocation:
Proposal 4: For PRACH configuration and resource allocation, support at least the following RRC parameter categories in RMSI:
· PRACH preamble format and sequence parameters
· RACH resource allocation information

Proposal 5: The parameters given by the table below are required to identify the PRACH preamble signal.
	Long sequence
	Short Sequence
	Field size

	Sequence type (Short or Long)
	1-bit

	Preamble format (0 … 3)
	Short sequence preamble type (A, B, A/B or C)
	2-bits

	Sequence type (unrestricted, restricted Type A, restricted Type B)
	Preamble format within each 
	2-bits

	Reserved
	Sub-carrier Spacing (15, 30, 60 or 120 KHz)
	2-bits

	Cyclic shift index
	4-bits

	Root sequence index
	10-bits for long sequence
8-bits for short sequence



Proposal 6: Each preamble supports 64 signatures per time frequency RACH resource.
Proposal 7: The root sequence index in the RACH configuration is used to identify the first preamble root sequence index.
Proposal 8: The interval/periodicity of the RACH slot pattern is signaled as part of the RACH configuration.
Proposal 9: RACH is transmitted during RACH slots. RACH slots are UL slots or UL centric slots. A compressed bitmap with 3 levels is used to identify the RACH slots. Level 1 is a bit map for each 5ms period within a 160 ms period. Level 2 is a bit map for each subframe within a 5ms period. Level 3 is bit map for each slot within a subframe. A total of 45 bits are required to identify the RACH slots.
Proposal 10: The PRACH preamble configuration (including the PRACH preamble format and the PRACH preamble sequence index) is common to all RACH slots.
Proposal 11: Within a RACH slot there could be multiple RACH PRB allocations. The PRB RACH allocation is common to all RACH slots.
Proposal 12: All RACH slots have the same starting symbol, and all RACH slots have the same ending symbol.
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