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Introduction 
This paper discusses two of the remaining issues in PRACH design. Specifically, we share our views on whether preamble formats A1, A2, A3 and C0 should be supported at SCS=120 kHz as described in the RAN1 LS to RAN4 [1]. We also discuss the necessity for RACH capacity enhancement in NR. This is a revision of R1-1800164. 

PRACH preamble formats and ON/OFF time masks 
	Agreements: (RAN1 #91)
For PRACH preamble formats based on the short sequence length, NR supports the following formats: 
· For Rel15, format A0 is not supported for SCS = 15/30/60/120kHz
· Format A
· A1, A2, A3
· Note: for only format A case, consider leaving a blank symbol at the end of the RACH transmission
· Format B 
· B4, B1
· Format A in combination with format B
· A1/B1, A2/B2, A3/B3
· For format C
· C0 and C2
Note: Only one format is configured by the gNB
· Send LS to RAN4 to check format A1/A2/A3 for 120kHz and format C0 for 120kHz. [Intel] R1-1721561, revised in R1-1721622, which is approved by removing “B1” entry in the table, final LS is in R1-1721630



	RAN4’s response to RAN1’s LS on PRACH with ON-OFF time mask [2]
RAN4 has discussed the PRACH masks for new PRACH formats in NR and agreed the following:  
Currently agreed PRACH mask in RAN4 will be able to support the mentioned new PRACH formats, since one single UE transmits one single PRACH transmissions at a time, thus not affecting the succeeding or preceding PRACH transmission due to transient time.



RAN4 has concluded that the UE transient period in NR is limited to10usec and 5usec in FR1 and FR2, respectively [3]. Meanwhile, RAN1 has proposed many PRACH preamble formats with various duration to cope with multi-beam operations. To be more specific, some preamble formats can be as short as one or several OFDM symbols. The problem is when the subcarrier spacing (SCS) of PRACH is configured to 120 kHz, the 5-usec UE transient period is almost as long as the duration of an OFDM symbol. There was hence a discussion about whether to support these short preamble formats with SCS=120 kHz and an LS was sent to RAN4 for guidance [1]. 
	At the previous meeting, RAN4 responded to RAN1’s LS saying that the currently agreed PRACH mask in RAN4 will be able to support these PRACH preamble formats with SCS=120kHz. Indeed, similarly to LTE, the PRACH time mask defined by RAN4 for NR does not include the UE transient time from OFF to ON or from ON to OFF [4] as illustrated in Figure 1. Therefore the UE transient period does not harm the orthogonality of PRACH transmissions onto the same RACH occasion. Since the UE transient period is outside the time mask, it may cause some interference to the preceding and/or following RACH occasions if several RACH occasions are allocated consecutively. But it indeed causes interference only when there are other UEs transmitting PRACH on the preceding and/or following RACH occasions. Besides, when these short preamble formats are configured and RACH occasions are allocated consecutively, it is very likely the network is operating in a multi-beam manner. Hence, these consecutively allocated RACH occasions are corresponding to different beam directions. Thanks to directivity of beamforming, interference caused by PRACH transmissions on neighbouring RACH occasions, if exists, could be hence negligible. Based on the above two reasons, we propose that NR should support preamble formats A1, A2, A3, and C0 regardless of the PRACH SCS configuration. Furthermore, because RAN1 has agreed that only one preamble format is configured for a cell [5], the preamble format used for contention-free RACH should be same as that for contention-based RACH in initial access. Therefore, these preamble formats (A1, A2, A3, and C0) with SCS=120 kHz are either not supported in Rel-15 or mandatory for all UEs. They cannot be optional or be up to UE’s capabilities. In response to the conclusion in RAN4’s reply LS, we hence propose PRACH preamble formats A1, A2, A3, and C0 with SCS=120 kHz are mandatory for all UEs regardless of their capabilities. 
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[bookmark: _Ref503358920]Figure 1: PRACH ON/OFF time mask in FR2 [4]

[bookmark: _Ref503360441]Observation 1: The UE transient periods are excluded by the PRACH ON-OFF time mask and do not harm the orthogonality of PRACH transmissions onto the same RACH occasion. 
Observation 2: Interference from neighbouring RACH occasions, if exists, could be negligible thanks to directivity of beamforming.
[bookmark: _Ref503360453][bookmark: _Ref503259251]Observation 3: In Rel-15, a PRACH preamble format can be either not supported or mandatory for all UEs.
[bookmark: _Ref503360696]Proposal 1: RAN1 endorses RAN4’s guidance and supports that PRACH preamble formats A1, A2, A3, and C0 with SCS=120 kHz are mandatory for all UEs irrespective of their capabilities.

RACH capacity enhancement
	[bookmark: _Ref503259885]Agreements: (RAN1 AH1801)
· For the separate configuration of the number of PRACH transmission occasions FDMed in one time instance for initial access, support:
· The value range of the 2-bit RRC parameter prach-FDM is {1,2,4,8}



	Conclusions: (RAN1 #89)
· 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



At previous RAN1 meetings, some proponents were concerned that RACH capacity is not enough in NR especially for short-sequence based preamble formats. They hence claimed that there is a need for RACH capacity enhancement in NR. The reasons these proponents claimed are like the increased PRACH overhead from UEs lacking of beam correspondence, new PRACH use cases such as on-demand SI requests and beam failure recovery request, etc. In the following, we provide a first-order analysis about the necessity of RACH capacity enhancement. 
	Regarding the PRACH loading increase caused by the low-end UEs lacking of beam correspondence, we first assume among all NR UEs, 50% of them have full beam correspondence, 25% of them have partial beam correspondence and the rest of them do not have any beam correspondence. If the average number of TX beams at UE is eight, then the PRACH load increased by the factor of multi-beam operations at UE is about 1*50% + (4/2)*25% + (8/2)*25% = 2.5 times of PRACH load in LTE. According to [6], one RACH time-frequency resource (with 64 signatures) every 10ms can handle a typical PRACH load in LTE which is about 128 attempts per second.
	There are many different preamble formats defined in NR. For short-sequence based preamble formats, the numbers of OFDM symbols agreed are 1, 2, 4, 6, and 12. If we take the preamble formats with 4 OFDM symbols as example, i.e. A2/B2, there can be up to three RACH occasions within a RACH slot. In this example, one RACH slot (with 3 RACH occasions with A2/B2 preamble formats) per 10ms can handle the increase of PRACH loading from the factor that some low-end UEs are lack of beam correspondence. 
For the new use cases for PRACH in NR or for other factors that are not considered in the above, the network can allocate more RACH time-frequency resources to accommodate the increased PRACH load. Based on the agreement made at the previous meeting, the number of RACH occasions allocated in the same time instance can be up to 8. Hence, there is no need for RACH capacity enhancement besides allocating more RACH occasions.  
[bookmark: _Ref503534421]Observation 4: One RACH slot (with 3 RACH occasions with A2/B2 preamble formats) per 10ms can handle the increase of PRACH loading from the factor that some low-end UEs are lack of beam correspondence.
[bookmark: _Ref503534428]Observation 5: For the new use cases for PRACH in NR or for other factors that are not considered in the above, the network can allocate more RACH time-frequency resources to accommodate the increased PRACH load.
[bookmark: _Ref503534433]Observation 6: There is hence no need for additional RACH capacity enhancement feature besides the allocation of RACH time-frequency resources. 
[bookmark: _Ref503360702]Proposal 2: RACH capacity enhancement is not supported at least in Rel-15.

Conclusion
In this contribution, we discuss PRACH preamble formats with large SCS = 120 kHz and RACH capacity enhancement. Observations and proposals are summarized below. 
Observation 1: The UE transient periods are excluded by the PRACH ON-OFF time mask and do not harm the orthogonality of PRACH transmissions onto the same RACH occasion. 
Observation 2: Interference from neighbouring RACH occasions, if exists, could be negligible thanks to directivity of beamforming.
Observation 3: In Rel-15, a PRACH preamble format can be either not supported or mandatory for all UEs.
Proposal 1: RAN1 endorses RAN4’s guidance and supports that PRACH preamble formats A1, A2, A3, and C0 with SCS=120 kHz are mandatory for all UEs irrespective of their capabilities.
Observation 4: One RACH slot (with 3 RACH occasions with A2/B2 preamble formats) per 10ms can handle the increase of PRACH loading from the factor that some low-end UEs are lack of beam correspondence.
Observation 5: For the new use cases for PRACH in NR or for other factors that are not considered in the above, the network can allocate more RACH time-frequency resources to accommodate the increased PRACH load.
Observation 6: There is hence no need for additional RACH capacity enhancement feature besides the allocation of RACH time-frequency resources.
Proposal 2: RACH capacity enhancement is not supported at least in Rel-15.
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