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1. Introduction
RAN1 has discussed NR PRACH preamble format details, and in addition to PRACH preamble format for typical use cases, PRACH preamble formats for the other use cases, e.g. capacity enhancement, beam recovery requests and on-demand SI requests, has been also discussed, and the following conclusion and agreements were reached [1].

	Conclusions:
· Continue study on necessity of RACH capacity enhancement and possible solutions (if capacity enhancement is necessary) until next meeting with considering at least following aspects 
· Capacity limit due to short sequence length (e.g., which can be applied to beam sweeping)
· Capacity due to higher subcarrier spacing
· Supported cell radius as function of PRACH preamble reuse distance
· Capacity impact due to cell radius impact on Ncs
· Possibility to exploit spatial separation
· Arrival rate of UEs within a beam/cell
· UE distribution within cell

Agreements:
· Consider following new use cases for RACH design, 
· beam recovery requests 
· on demand SI requests
· Study the following aspects:
· requirements to satisfy above new use cases
· impact on capacity
· whether additional preamble format(s) is needed
· impact on RACH procedure



In this contribution, we discuss on the necessity of RACH capacity enhancement and provide our view on PRACH design for new use cases.

2. Necessity of further capacity enhancement
We should discuss on the necessity of further capacity enhancement before discussion on individual solutions. Regarding PRACH preamble formats with sequence length of 839, sufficient capacity can be available by a number of available root sequences and cyclic shifts thanks to long sequence length, at least as high capacity as in LTE. Hence, in case that high capacity is required for below 6 GHz, long sequence length would be used. On the other hand, in the case of PRACH preamble formats with short sequence length, i.e., 139 or 127, achievable capacity based on number of root sequences and cyclic shifts is decreased compared with that in case with long sequence, and hence several solutions for further capacity enhancement have been proposed, e.g., Option2 with OCC, Option4, Option1 with sinusoidal modulation, and ZC sequence with cover extension. However, the PRACH capacity can be flexibly controlled by the number of allocated RACH resources without additional solution. For instance, when a preamble format length including CP/GT is equal to the duration of 2 symbols for data as shown in Fig.1, multiple RACH resources can be allocated in frequency domain so as to meet required PRACH capacity. We assume that frequency resources on symbol(s) used by gNB for PRACH reception may not be so useful for other use cases, e.g., UL data, since the direction of TRP Rx beam would have a constraint due to analogue BF especially for higher frequency bands. In other words, time domain resources used for PRACH reception may focus on the PRACH. Accordingly, enough amount of resource in frequency domain may be available to control the PRACH capacity. Given bandwidth of 800 MHz, if all frequency resources in a certain time duration can be allocated as PRACH resources, 92 PRACH preambles with SCS of 60 kHz and sequence length of 139 can be multiplexed in frequency domain. Additionally, PRACH preamble formats with short sequence length seem to be typically used in small cell scenarios with single-beam or multi-beam operation. In such scenario, lower capacity would be enough compared with scenarios with long sequence  because of relatively smaller number of UEs within cell or beam area.
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Figure.1: Flexible RACH resource allocation for capacity control

Major solutions for further capacity enhancement are shown below. There are some possible concerns on each solution as described. Hence, unless great benefits and necessity are shown, we should focus on the simple design with Option1 (without sinusoidal modulation) and pure ZC sequence at least in Rel-15.

· Option2 with OCC
· CP overhead increase
· Option4 with multiple different ZC sequences
· Preamble detection ambiguity
· Sinusoidal modulation on top of Option1
· Implementation complexity at gNB
· ZC sequence with cover extension by other sequence
· PAPR issue
· Cross correlation issue

Proposal 1: Rel-15 NR supports only PRACH format design based on Option1 (without sinusoidal modulation) and pure ZC sequence.

We consider need of capacity based on following assumption as an example for above 6 GHz. 
· Preamble format : B4
· SCS for PRACH : 60 kHz
· Bandwidth : 800 MHz
· Available 92 RACH resources within a slot
· Cell coverage: 100 m
· 32 cell / km2
· Connection density [2] : 1000000 / km2
· 31250 UE / cell
· frequency of initiation for RA procedure per UE : 1 times per 2 min (assuming UE speed of 3 km/h)
· number of (re)transmission for success of RA procedure : 4 transmissions
· RACH resource periodicity : 5 ms
· 5 PRACH transmissions per RACH resource periodicity per cell
In such case, since 5 PRACH transmissions per RACH resource periodicity per cell is smaller enough than available 92 RACH resources within a slot, required capacity can be sufficiently covered by a root sequence per cell. If required capacity is increased, e.g., long RACH resource periodicity, it can be covered by increasing root sequences.

3. PRACH preamble format for new use cases

3.1. Beam recovery request
 At the RAN1#89 meeting, channel(s) for beam failure recovery request transmission including PRACH were discussed and agreed as below [1].

	Agreements:
· Support the following channel(s) for beam failure recovery request transmission:
· Non-contention based channel based on PRACH, which uses a resource orthogonal to resources of other PRACH transmissions, at least for the FDM case
· FFS other ways of achieving orthogonality, e.g., CDM/TDM with other PRACH resources
· FFS whether or not have different sequence and/or format than those of PRACH for other purposes 
· Note: this does not prevent PRACH design optimization attempt for beam failure recovery request transmission from other agenda item 
· FFS: Retransmission behavior on this PRACH  resource is similar to regular RACH procedure
· Support using PUCCH for beam failure recovery request transmission
· FFS whether PUCCH is with beam sweeping or not
· Note: this may or may not impact PUCCH design
· FFS Contention-based PRACH resources as supplement to contention-free beam failure recovery resources
· From traditional RACH resource pool
· 4-step RACH procedure is used
· Note: contention-based PRACH resources is used e.g., if a new candidate beam does not have resources for contention-free PRACH-like transmission 
· FFS whether a UE is semi-statically configured to use one of them or both, if both, whether or not support dynamic selection of one of the channel(s) by a UE if the UE is configured with both 



 For the beam recovery request transmission, based on above agreements, here we assume that non-contention based channel uses a resource which is FDMed with other PRACH resources. In such case, time duration of PRACH preamble(s) for beam recovery request should be same with time duration of other PRACH preamble(s) FDMed with them in order to save the complexity of gNB implementation. Also, uplink timing alignment may be necessary for beam recovery since uplink propagation delay may be changed when beam pair link is changed. Thus, other PRACH preamble parameters such as SCS and sequence length for beam recovery request should also be basically same with those of PRACH preamble(s) used for other general purposes on the same carrier frequency/cell. Even if there is a benefit of using different PRACH preamble parameters for beam recovery from that for other general purposes, e.g., when CDM and/or TDM is supported, PRACH preamble formats with various parameters e.g., different SCSs and different number of symbols will be anyway supported for general purposes [3]. Therefore, at least for now, there is no need to define any new PRACH preamble format(s) for beam recovery request.

Proposal 2: For beam recover request, PRACH preamble formats defined for other purposes should be reused.

3.2. On-demand SI request
  When on-demand SI is requested via Msg.1, uplink timing alignment would not be necessary since UL transmission would not be required to obtain the on-demand SI except for on-demand SI request via Msg.1. Although it is possible to consider specific PRACH preamble format for on-demand SI request, e.g., PRACH preamble format with smaller SCS and very short sequence length, it can just provide small benefit for resource utilization at the cost of complexity increase, e.g., complexity of gNB implementation and scheduling. As already mentioned above, PRACH preamble formats for variety of use cases, e.g., formats with narrow/wide bandwidth and short/long time duration, are likely to be supported [3], and hence appropriate one(s) of them can be reused for on-demand SI request. Additionally, if a common preamble format is used for on-demand SI request and for other general purposes such as handover and beam recovery request, a common resource can be shared between PRACH for on-demand SI request and PRACH for other purposes.

Proposal 3: For on-demand SI request, PRACH preamble formats defined for other purposes should be reused.

4. Conclusion
In this contribution, we discussed on the necessity of RACH capacity enhancement and provided our view on PRACH design for new use cases. We made the following proposals. 

Proposal 1: Rel-15 NR supports only PRACH format design based on Option1 (without sinusoidal modulation) and pure ZC sequence.
Proposal 2: For beam recover request, PRACH preamble formats defined for other purposes should be reused.
Proposal 3: For on-demand SI request, PRACH preamble formats defined for other purposes should be reused.
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