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Introduction
It was agreed in the RAN1 meeting #85 [3] that both multi-beam based and single-beam based approaches should be studied for broadcast channel, system information transmission and random access. In RAN1 meeting #88bis, it was agreed that NR PRACH capacity should be at least the same as in LTE. Furthermore, in the RAN1 Meeting NR AH#3, the following were agreed:
Working assumption:
· L = 139 is adopted as the sequence length for the RACH Preamble Formats using the short sequence

In addition, it was agreed in the RAN1 meeting NR AH#3 for the following [1]:
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 contribution, we considered and discussed design principles for PRACH for initial access for a beam-based approach in NR. We discussed issues related to PRACH format, capacity enhancement and beam management.

Consideration for PRACH Formats
The pattern of the slots that contain PRACH resource(s) may be defined in different time intervals, and time interval may be e.g, 5, 10 or 20ms. The exact pattern can be for further study. The numerology of the slot e.g SS block, UL/DL, Msg1 or PUSCH can be for further studied. For example, the SCS of RACH slot can be the same as the PUSCH, so that gNB can receive both of the PUSCH and PRACH using a single FFT engine. Some symbol within the RACH slot may be reserved for control channel such as PDCCH. RACH resources within a slot may or may not be consecutive. For example, RACH resources within a slot may not be consecutive to handle the case of CORESET monitoring in the 2/4/7 symbols.
In RACH configuration, a set of the available RACH resources is configured to inform UE the position of RACH occasions. In LTE, the RACH Configuration Index is used to indicate the subframe position of available RACH resources in one radio frame. The time in interval of RACH pattern in LTE is one radio frame or 10ms. In NR, for the higher subcarrier spacing, there are more available time/frequency resources for RACH within one radio frame. For example, if the subcarrier spacing of RACH is 60kHz, then there will be 40 slots in one radio frame, and 14 symbols within each slot. Hence, the time interval of each RACH pattern for NR can be smaller if configuring the same amount of RACH resources for each RACH pattern as LTE. 
On the other hand, in each RACH pattern, the RACH resources and preambles are allocated to associate with different SS blocks. Moreover, in NR, preamble formats with multiple/repeated sequences can be used for gNB Rx beam sweeping or UE TX beam sweeping. Hence, some preamble format can occupy more OFDM symbols compared with LTE. In each RACH pattern, at least one RACH resource with at least one preamble should be associated with each SS block. For example, 10ms can be used as the time interval of one RACH pattern. For the case of 64 SS blocks, 32 slots in one radio frame can be configured with RACH occasions. In each RACH slot, the RACH resources can be divided into two to associate with two different SS blocks. 
In NR, there can be 14 symbols in one slot. And 1ms is one subframe. For a 10ms radio frame, there are 10 subframes, which is the same as LTE. In each subframe, if the SCS is 120kHz, there can be 8 slot per subframe where each slot has 14 symbols. PRACH transmission occasion was defined as the time-frequency resource on which a PRACH can be transmitted (if multiple/repeated preamble transmission is configured, this counts as one PRACH transmission occasion.)
In LTE, for each pattern, the RACH resources are given by the subframe numbers and the system frame numbers.  In NR, there can be 14 symbols in one slot, and one subframe may contain several slots for RACH with high SCS. Hence allocating RACH resources based on subframe is inefficient. In NR, the RACH resources can be given by the slot number and the subframe number in one radio frame. 
In NR, for a 14-symbol slot there will be several types of RACH resource allocations given the preamble format. For example, for slot configured with preamble format A2, which occupies 4 OFDM symbols. There can be 3 or 2 or just 1 RACH occasions in one slot. It was agreed that “for 4-step RACH procedure, a RACH transmission occasion is defined as the time-frequency resource on which a PRACH message 1 is transmitted using the configured PRACH preamble format with a single particular tx beam”. The more the RACH occasions, the resources reserved for other purpose is less. The gNB needs to configure each RACH slot with the number of RACH occasions and the starting symbol positions, as shown in the following figure.
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[bookmark: _Ref494706806]Figure 1: Examples of different types of RACH occasions allocation in one RACH slot with preamble format A2.

Mixed PRACH Format:
For preamble format A, there is no guard time. It will interfere the signal in the following symbol. For preamble format B, there is guard time which prevents of the interference to the following symbol. But the guard time impacts the detection performance, as shown in Figure 2. Take a duration of two symbols as an example, and compare the preamble format A1 and preamble format B1. As gNB is receiving the PUSCH that is frequency multiplexed with the RACH occasion. For preamble format A1, a full preamble sequence will be received in the duration of gNB Rx, as shown in Figure 2. For preamble format B1, the guard time part will be received instead of useful preamble sequence. Hence the guard time part degrades the preamble format B1’s detection performance. Similarly, this is shown in Figure 3 for example of four symbols.
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[bookmark: _Ref494706775]Figure 2: PRACH preamble format A1 and preamble format B1
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[bookmark: _Ref494733659]Figure 3: PRACH preamble format A2 and preamble format B2

In order to reduce the interference to the following symbol as well as limit the degradation of the detection performance, a mixed preamble format multiplexing, with the preamble format B in the last RACH occasion while use the preamble format A in the previous RACH occasions, can be configured. Take the example used in Figure 1 again, the slot can be configured with mixed preamble format A2&B2, where the last RACH occasion uses preamble format B2, while the previous RACH occasions use preamble format A2, as shown in the Figure 4.
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[bookmark: _Ref494706820]Figure 4: Example for PRACH mixed preamble format 

Proposal 1: In case that preamble formats A and B are time multiplexed, format B can be used in last RACH occasion of a slot.

[bookmark: _Ref465895131]Capacity Enhancement for PRACH
There may be need for capacity enhancement for PRACH. The reasoning for PRACH capacity enhancement may be the following [6-8]:
· Capacity limit due to short sequence length 
The pure Zadoff-Chu sequence with length  can provide the amount of  sequences, where  is the length of cyclic shift whose duration should be larger than the channel delay/spread. Then, a shorter sequence has smaller  and provides less amount of sequences.
· Higher subcarrier spacing 
For subcarrier spacing Hz, the duration of one symbol is s. Assume the channel delay/spread is , then the cyclic shift  should satisfy : > . According to the above formula, for the higher subcarrier spacing , the duration of one symbol is shorter. If the channel delay/spread is fixed, then the portion of channel delay/spread in one symbol duration  is higher, and the cyclic shift  should be larger to compensate for the delay/spread. Thus, the number of cyclic shifts that one sequence can support is less, and the amount of available sequence is smaller.
· Support the indication of SS blocks 
It was agreed that if the association between PRACH preamble/resource and SS blocks is indicated to UE, UE should report the selected SS block through association between PRACH preamble/resource and SS blocks. There are up to 64 SS blocks in NR. Hence, when compared with LTE system, in order to report the SS block, NR needs more PRACH preamble/resource. 

In addition, new use cases may require the use of preamble sequences. For example, for beam failure recovery or on-demand SI, additional PRACH preamble sequences may be needed. 
Proposal 2: Capacity enhancement for PRACH may be considered.

Beam Management with PRACH
It has been agreed to support the non-contention based channel for beam failure recovery scenario, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the frequency division multiplexing (FDM) case. For the way of achieving orthogonality, TDM/FDM/CDM can be used. In this case, a dedicated time, frequency resource and/or PRACH preamble may be assigned to UE to identify UE, and the corresponding PRACH resources to different candidate gNB Rx beam is pre-configured by gNB. For example, gNB may assign a dedicated preamble to UE, and UE may choose a PRACH slot indicating the candidate SS block to transmit the dedicated preamble.  
However, it will be a huge challenge in terms of the PRACH capacity if assigning each UE in connected mode with dedicated preambles. When and how to assign the dedicated preamble to UE for beam failure recovery needs further study. When there are no dedicated RACH resources for beam failure recovery, the contention based RACH also can be used as a supplement method.  
Proposal 3: Need of PRACH format for capacity enhancement and beam management may be further investigated.

Simulations Results and Discussions 
The comparison for different approaches of capacity enhancement is summarized in Table 1.

[bookmark: _Ref492591174]Table 1. Comparison for Different Approaches of Capacity Enhancement

	
	Option 2 with OCC
	ZC covered by M-sequence
	Option 4, method 1

	Pros
	· PRACH capacity is enhanced. The number of supported preamble is 

· Improve the link budget by 10*log10() dB due to the repetition of the short sequences
· Low complexity
	·  PRACH capacity is enhanced. The number of the supported preamble is 
	· RACH capacity is enhanced. The number of the supported preambles is 

	Cons
	· The capacity is increased linearly with . However, if there is no need for a huge number of preambles, linearly increased capacity may be sufficient
	· High PAPR
· Higher complexity introduced by the M-sequence cover
	· Ambiguity problem when there are multiple UEs transmitting PRACH.
· Worse detection performance. In order to successfully detect PRACH preamble with multiple different short sequences, the gNB need to successfully detect all of the multiple short sequences. The missed detection of any one of the short sequences will cause the failure of preamble detection.




The detection performance was compared for pure ZC, covered ZC and OCC approaches at 30GHz, with PRACH subcarrier spacing of 60kHz under CDL-C channel. The covered ZC is generated by covering pure ZC with the same length M-sequence, and the M-sequence is generated according to the method given in [6]. The evaluated ZC sequence and covered ZC sequence are both 139-length. The preamble formats evaluated in this section are given in Table 2 in Appendix, and the simulation assumptions are given in Table 3 in Appendix. The simulated performance was shown in Figure 5. 
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[bookmark: _Ref485394895]Figure 5: PRACH Performance for Capacity Enhancement

As shown in Figure 1, missed detection probability of pure ZC is lower than that of the covered ZC, and the performance gain is about 0.5 dB. This may be because the cross-correlation power of M-sequence covered ZC is higher than the cross-correlation power of pure ZC. The OCC scheme with repetition number of 2 has about 3dB performance gain compared with the pure ZC case, due to the coherent combining gain of two short sequences. 
Under the threshold corresponding to the targeted false alarm rate, the detection performance is evaluated. The missed detection occurs when the gNB detected another preamble that is different with the preamble transmitted by UE, or gNB does detect any preamble when there is preamble transmitting.

Conclusions
In this contribution, we considered and discussed design principles for PRACH for initial access for a beam-based approach in NR. We discussed issues related to PRACH capacity enhancement and beam management. We have the following proposals:
Proposal 1: In case that preamble formats A and B are time multiplexed, format B can be used in last RACH occasion of a slot.
Proposal 2: Capacity enhancement for PRACH may be considered.
Proposal 3: Need of PRACH format for capacity enhancement and beam management may be further investigated.
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Appendix: Evaluation Assumptions

[bookmark: _Ref492923718]Table 2.  PRACH format for different options used in evaluation of Section 4

	Sequence Type 
	Sequence length
	SCS(kHz) 
	N_OS 
	N_RP 
	T_SEQ (Ts) 
	T_CP (Ts) 
	Ts (ms)

	Pure ZC
	139
	60 
	1
	1 
	2048
	224
	

	M-sequence Covered ZC
	139
	60
	1
	1 
	2048
	224
	

	Pure ZC with OCC
	139
	60 
	2
	2 
	2048
	224
	




[bookmark: _Ref492923727]Table 3.  Link Level Simulation Assumptions

	· Carrier Frequency
	· 30GHz

	· Subcarrier Spacing
	· 60KHz

	· Channel Model
	· CDL-C
· With delay scaling values of 30 ns
· With ASA and ASD scaling values in sec. 7.7.5.1 in 38.900, for above 6 GHz cases
· ZSA = 5 degree, ZSD = 1 degree 

	· Antenna Configuration at the TRP
	· (4, 8, 2), with directional antenna element 

	· Antenna Configuration at the UE
	· (1,1,2) with omni-directional antenna element

	· Frequency Offset
	· +/- 0.05 ppm at TRP 

	· UE speed
	· 3 km/h

	· Initial timing Offset
	· No initial timing offset

	· SNR
	· Per tone SNR at receiver after beamforming
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