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[bookmark: _Toc415085486][bookmark: _Toc503902285]1	Introduction
The Rel-18 WID of Further NR Coverage Enhancement includes the following objectives [1]:
· Specify following PRACH coverage enhancements (RAN1, RAN2)
· Multiple PRACH transmissions with same beams for 4-step RACH procedure
· Study, and if justified, specify PRACH transmissions with different beams for 4-step RACH procedure
· Note 1: The enhancements of PRACH are targeting for FR2, and can also apply to FR1 when applicable.
· Note 2: The enhancements of PRACH are targeting short PRACH formats, and can also apply to other formats when applicable.
To improve the coverage of NR PRACH, especially for FR2 which has only short formats, two methods have been proposed: 
· Multiple PRACH transmissions with the same UE Tx beam. This case can be called “PRACH repetition”. 
· Multiple PRACH transmissions with different UE Tx beams. This case can be called “PRACH sweeping”.
In the Rel-17 NR Coverage Enhancement SI, two sources (R1-2007745 [2], R1-2009793 [3]) had evaluated the performance of PRACH enhancements. It has shown that multiple PRACH transmissions with the same beam (PRACH repetition) or different beams (PRACH sweeping) are beneficial for PRACH coverage enhancement.
In this contribution, we build upon this understanding to further study PRACH repetition and sweeping transmission.
2		PRACH coverage enhancement
As per the present PRACH specification, UE selects an SSB above the RSRP threshold, then randomly selects a preamble corresponding to the selected SSB for the contention random access process. And if msg1 transmission fails, UE can transmit a newly selected preamble again with increased power until UE receives msg2 from gNB or UE reaches the configured max power. 
If UE transmits preamble with increased power all the way which causes interference to other UEs and it doesn’t bring gain of reception combination. And if UE transmits multiple preambles at the same or different beams and with the same power, this will be beneficial for gNB decoding Msg1 according to reception combination. 
As per the specification, UE selects a beam above the SSB RSRP threshold transmitting preamble, even though it is not the best beam. And msg3 is also transmitted on this beam which is not optimal for the success rate of the random access process. 
If UE transmits multiple preambles at different beams, i.e. beam sweeping method, the gNB can select the best beam according to preamble power from different beams. And indicating the best Tx beam to UE for the Msg3 transmission can improve the success rate of the random access process. 
Regarding preamble reception combination, the issue is the gNB doesn’t know which ROs need to be combined and which ROs not. For example, legacy UE doesn’t support PRACH repetition and PRACH sweeping, thus the gNB doesn’t need to do combination. In addition, how to determine the locations of ROs for multiple preamble transmission from one UE since the time for UE to initiate random access is random and unknown by network.
And RA-RNTI calculation is based on RO location, if UE transmits preambles at multiple RO locations, how to determine the RA-RNTI still to be resolved under the scenarios of PRACH repetition or PRACH sweeping. 
And another problem is how to indicate the best transmission beam to UE in PRACH sweeping scenario. 
Thus for supporting the PRACH repetition and PRACH sweeping, the following aspects need to be further studied in Rel-18 WI:
· [bookmark: OLE_LINK21][bookmark: _Toc53783605][bookmark: OLE_LINK18]How to differentiate legacy RA and coverage enhancement RA.
· [bookmark: OLE_LINK19]RO location determination for PRACH repetition or PRACH sweeping. 
· The determination of RA-RNTI. 
· Indication of the best UL Tx beam. 
Observation 1. For supporting the PRACH repetition and PRACH sweeping, the following aspects need to be further studied in this WI: 
· How to differentiate legacy RA and coverage enhancement RA.
· RO location determination for PRACH repetition or PRACH sweeping. 
· The determination of RA-RNTI. 
· [bookmark: OLE_LINK2]Indication of the best UL Tx beam. 
In this Rel-18 WI, our attention should be focused on these aspects and discuss solutions to resolve the above issues. 
2.1 Differentiation between legacy RA and coverage enhancement RA
[bookmark: _Toc53783607]To distinguish legacy RA and enhanced coverage enhancement RA (i.e. PRACH repetition and/or PRACH sweeping), there are two options:
Option1: by separating ROs 
[bookmark: OLE_LINK8][bookmark: OLE_LINK11][bookmark: OLE_LINK10]The available ROs used for PRACH repetition and sweeping are separated from those used for legacy PRACH transmission, i. e. not supporting PRACH repetition and sweeping. For example, as shown in Figure-1, PRACH repletion/sweeping initiated at RO0/ RO1/RO2/RO3, while legacy RA can only initiated at RO4. 
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[bookmark: OLE_LINK12]Figure-1 by separating ROs to distinguish legacy RA and coverage enhancement RA
Option2: by separating preambles
The preambles used for PRACH repetition and sweeping are separated from those used for legacy RACH. For example, as shown in Figure-2, preamble1 is assigned for coverage enhancement RA with PRACH repletion/sweeping, while preamble 2 and others are assigned for legacy RA, and RO0/RO1/RO2/RO3/RO4 could be shared by these two types of RA. 
[image: ]
Figure-2 by separating preambles to distinguish legacy RA and coverage enhancement RA
[bookmark: OLE_LINK13][bookmark: OLE_LINK22]Proposal1. By separating ROs or preambles to distinguish legacy RA and coverage enhancement RA. 

2.2 RO location calculation enhancements
The gNB can configure a UE to conduct PRACH repetition,  PRACH sweeping, or both via system parameters. 
These parameters could include: 
· the number of PRACH repetition and the number of PRACH sweeping, 
· first RACH occasion index,
· RO interval means the interval between PRACH repetition/sweeping in a RACH repetition/sweeping set. 
· Period means the interval between PRACH repetition/sweeping sets in the PRACH period. 
According to these parameters, UE can determine the RO by the following formula from candidate ROs which is obtained by the PRACH configuration index. 
[bookmark: OLE_LINK14]RACH occasion index [m, n] = first RACH occasion index+ n*period+ m* RO interval, where n is from 0,1,2… to ( -1), m is from 0,1,2…to (total number of PRACH repetition and sweeping-1), where total number of PRACH repetition and sweeping is the number of PRACH repetition multiply by the number of PRACH sweeping. 
For example, gNB configurates the number of PRACH repetition is 2, The number of PRACH sweeping is 2, First RACH occasion is 0, RO interval is 1, and Period is 5. And total number of RO in RO period based on PRACH configuration index is 10, which is split into 2 PRACH repetition/sweeping set. As shown in Figure-3, the available ROs for PRACH repetition/sweeping are following:
[bookmark: OLE_LINK16]The available ROs in the first PRACH repetition/sweeping set:  
The RO index of first repetitive transmission: RACH occasion index [0,0] = 0
The RO index of second repetitive transmission: RACH occasion index [1,0] = 1
The RO index of third repetitive transmission: RACH occasion index [2,0] = 2
The RO index of fourth repetitive transmission: RACH occasion index [3,0] = 3
The available ROs in the second PRACH repetition/sweeping set:  
The RO index of first repetitive transmission: RACH occasion index [0,1] = 5
The RO index of second repetitive transmission: RACH occasion index [1,1] = 6
The RO index of third repetitive transmission: RACH occasion index [2,1] = 7
The RO index of fourth repetitive transmission: RACH occasion index [3,1] = 8
[bookmark: _Hlk107588069]In the first PRACH repetition/sweeping set, UE1 which has 2 Tx beams firstly performs repetition twice with the same beam, then transmits the preamble with a different beam and performs repetition twice. UE2 which has Tx 1 beam first performs repetition twice with a beam, and due to no more available beams, then repeats the transmitting pattern, i. e. continue to perform repetition twice. 
In the second PRACH repetition/sweeping set, UE3 which has 2 Tx beams firstly performs sweeping twice at the same beam, then performs repetition. UE4 which has 4 Tx beams first performs 4 times sweeping with four beams. 


Figure-3 RACH occasions for PRACH repetition and sweeping with varied number of Tx beams

[bookmark: OLE_LINK23]Proposal2. RO location determination for PRACH sweeping and repetition is as follows: 
RACH occasion index [m, n] = first RACH occasion index+ n*period+ m* RO interval, where n is from 0,1,2… to ( -1), m is from 0,1,2…to (total number of PRACH repetition and sweeping-1), where total number of PRACH repetition and sweeping is the number of PRACH repetition multiply by the number of PRACH sweeping. 
2.3 The determination of RA-RNTI
[bookmark: OLE_LINK20]Regarding multiple RO locations for transmitting preamble, UE and gNB can determine the RA-RNTI based on fixed one among the multiple RO locations, e.g. the first one or the last one.
[bookmark: OLE_LINK24]Proposal3. Regarding multiple RO locations for transmitting preamble, UE and gNB can determine the RA-RNTI based on a fixed one among the multiple RO locations, e.g. the first one or the last one.

2.4 Indication of the best UL Tx beam
Under the PRACH sweeping scenario, it is beneficial to indicate to UE the best Tx beam of preamble transmission detected by the network, which could be used by UE for Msg3 transmission. As thus, the methods to indicate the best Tx beam should be studied. In this contribution, 3 potential options are provided and could be considered and discussed as below.
Option1: by MAC RAR 
The index of best Tx beam for multiple preamble transmission can be included in MAC RAR message. This method requires a new MAC RAR format, which would impact the MAC specification.
[bookmark: OLE_LINK5]Option2: by PDSCH (Msg2) DMRS 
Another option for the network to indicate the best Tx beam for Msg1 transmission is to include the beam index of preamble in PDSCH(Msg2) DMRS sequence generation like below.
The pseudo-random sequence generator shall be initialized with

where  , the index of best beam of multiple preamble transmission, is added to , where  and M is the number of Tx beams for preamble transmission.  In the scenarios other than PRACH sweeping, n=0 and β=0. 
This method only impact L1 specification but not MAC.
Option3: by PDSCH (Msg2) CRC mask 
[bookmark: OLE_LINK3]Another option for the gNB to indicate the best UL beam in Msg1 transmission is to utilize the CRC scrambling. 
As per specification, the parity bits are computed and attached to the PDSCH transport block setting L to 16 bits or 24bits. In transmission of Msg2, the CRC bits can be scrambled according to the best beam of Msg1. For example, the CRC mask configuration could be as below if the number of Msg1 transmission beams is 4.  
Table 1: CRC mask for PDSCH (msg2) Transport Blocks
	Index of beam for preamble transmission
	PDSCH (msg2) CRC mask
<>

	0
	<0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0>

	1
	<1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1, 1>

	2
	<1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0>

	3
	<0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1, 0, 1>




[bookmark: OLE_LINK25]Propose4. There are three potential options to indicate the best UL Tx beam to UE by network:
Option1: MAC RAR
Option2: PDSCH DMRS’s 
Option3: PDSCH CRC mask
3	Conclusions
In this contribution, we discussed the issues and solutions for support of PRACH repetition and PRACH sweeping to achieve the coverage enhancement. The following observations have been made:
Observation 1. For supporting the PRACH repetition and PRACH sweeping, the following aspects need to be further studied: 
· How to differentiate legacy RA and coverage enhancement RA.
· RO location determination for PRACH repetition or PRACH sweeping. 
· The determination of RA-RNTI. 
· Indication of the best UL Tx beam. 
To resolve the above issues, the following proposals have been made:
Proposal1. By separating ROs or preambles to distinguish legacy RA and coverage enhancement RA.
Proposal2. ROs location determination for PRACH sweeping and repetition is as follows: 
RACH occasion index [m, n] = first RACH occasion index+ n*period+ m* RO interval, where n is from 0,1,2… to ( -1), m is from 0,1,2…to (total number of PRACH repetition and sweeping-1), where total number of PRACH repetition and sweeping is the number of PRACH repetition multiply by the number of PRACH sweeping. 
Proposal3. Regarding multiple RO locations for transmitting preamble, UE and gNB can determine the RA-RNTI based on a fixed one among the multiple RO locations, e.g. the first one or the last one.
Propose4. There are three potential options to indicate the best UL Tx beam to UE by network:
Option1: MAC RAR
Option2: PDSCH DMRS’s 
Option3: PDSCH CRC mask
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