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Introduction
In RAN1 #92 meeting, the working assumption on allowing PRACH transmission in flexible resources configured by semi-static UL/DL configuration was made for FR2. However, the gap between SSB or DL part and ROs are not 

Agreements:
· For the previous working assumption:
· If the Semi-static UL/DL configuration is in RMSI, only PRACH occasions within the UL part is transmitted
· UE assumes that RACH occasions configured in RMSI are not collided with DL transmission
· Introducing start symbol(s) larger than 2 for a limited number of entries in the Configuration table.
· For FR2, it is replaced with the following working assumption (no change of the previous working assumption regarding FR1)
· For the Semi-static UL/DL configuration in RMSI, only PRACH occasions within the UL part and X part are valid as long as it does not precede or collide with an SSB in the RACH slot
· UE is not expected to receive DL signals during any valid RACH occasion
· Note: In the UL/DL semi-static configuration, 0 UL slots and 0 UL symbols can be configured
· FFS how to handle the gap necessary in between SS/PBCH block or DL part and PRACH tx

In this contribution, we discuss in detail on the design of PRACH Configuration Table of short preamble formats for unpaired spectrum satisfying the semi-static DL/UL configuration. This contribution is an update of R1-1802032.
.___________________________________________________________________________________________
Discussion on collision handling between RACH and DL transmission
1.1 Collision between RACH and DL transmission
For the issue we raised in the last meeting
· FFS how to handle the gap necessary in between SS/PBCH block or DL part and PRACH tx,
The following two alternatives can be considered: 
· Alt. 1: UE assumes that all the RO in X and UL part configured by gNB are valid ROs. With this alt., gNB has to guarantee certain GP between DL/SSB and first RO.
0. Advantage
0. Simple for UE
0. Flexible: gNB has information and control over all the DL Tx. It can schedule its DL signals/channels according the gap it required (if severe inter-cell interference is observed, the gNB can back up some symbols for DL Tx, leaving more GP between DL-UL).
0. Disadvantage 
1. The time of DL transmission may be restricted (fewer SSBs, fewer opportunities for PDCCH, CSI-RS….)
· Alt. 2: Only ROs which start at least K symbols after DL are valid ROs. For this alt., the starting symbol of the K-symbol should be clarified. 
For example, the start position of the K-symbol can be one of the followings, whichever comes last (as shown in Fig. 1)
i. The last symbol of actually transmitted SSB + 1
ii. The last DL symbol in the semi-static UL/DL configuration + 1
iii. The last symbol of the PDCCH scheduling RMSI + 1
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Fig 1 Illustration of Alt 2
a) Advantage: More SSB can be transmitted 
b) Disadvantage: more complicated for UE, since UE has to make the judgment call which RO is valid, according the several configurations. In addition, the value of K needs to be carefully discussed before determination. Since currently it is not desired to increase additional RRC signalling of K, one possible way is to specify one value of K in the specification. Nonetheless, at least for FR1 and FR2, different values of K may be necessary considering the various coverage requirements and UE transition times of FR1 and FR2.  

Note: DL channel/signals such as CSI-RS can be transmitted in flexible part as well. Since we did not consider these channels/signals for the start of the k-symbol, the gNB should make sure that these DL signals/channels will NOT be scheduled before the start of the k-symbol (as shown in Fig. 1)

Proposal 1: Regarding handling the gap necessary in between SS/PBCH block or DL part and PRACH tx, the following Alt.1 is preferred considering its simplicity. If the Alt. 2 is indeed required, it is necessary to confine the Alt.2 to FR2, and FFS the proper K value for FR2.  
· Alt. 1: UE assumes that all the RO in X and UL part configured by gNB are valid ROs. With this alt., gNB has to guarantee certain GP between DL/SSB and first RO.
· Alt. 2: Only ROs which start at least K symbols after DL are valid ROs, the start position of the K-symbol can be one of the followings, whichever comes last
i. The last symbol of actually transmitted SSB + 1
ii. The last DL symbol in the semi-static UL/DL configuration + 1
iii. The last symbol of the PDCCH scheduling RMSI + 1. For this alt., the starting symbol of the K-symbol should be clarified. 

___________________________________________________________________________________________
Further design principle for TDD PRACH configuration
The design principles for PRACH configuration table for FR2 can be found in our previous contribution [1]. 
In this contribution, we mainly discuss the short preamble format configurations for FR2.

In Table 1, we present the estimated cell radius supported by each preamble format in FR2. It can be observed that Format B1,B2 and B3 provide smaller coverage than A1,A2 and A3, respectively, while their MCL are the same. Thus, when configuring PRACH preamble formats, Formats Ax are more preferred than Bx in terms of coverage. B4 is an exception which provides largest MCL of all short preamble formats. Therefore, when designing PRACH configuration table, preamble formats A1,A2, A3, B4, C0, C2 should be more prioritized than B1, B2 and B3. 
Proposal 2: Preamble format B1, A2/B2 and A3/B3 should be deprioritized if the number of configuration indexes are limited. 
Table 1. Cell radius supported by each preamble format in FR2
	Preamble format
	Maximum cell radius(m)
60KHz 
	Maximum cell radius(m)
120KHz

	A
	1
	234
	117

	
	2
	527
	264

	
	3
	879
	439

	B
	1
	146
	73

	
	2
	264
	132

	
	3
	439
	220

	
	4
	967
	483

	C
	0
	1338
	669

	
	2
	2324
	1162




In Figure 2, we present some additional PRACH configuration slot patterns for FR2 besides the working assumptions achieved in last meeting and discuss about their necessity.

[image: ]
Figure 2 PRACH configuration slot pattern for short preamble formats in FR2

The PRACH configuration is designed to adjust to all semi-static UL/DL configuration periodicities. Thus, in addition to the agreed preamble formats for FR2, we propose to add Pattern 2 and Pattern 3 as shown in Fig.2 to cover the 2.5ms and 5ms periodicity, respectively. 

Pattern 4 and pattern 5 are designed for 1ms and 2ms periodicities, where RACH slots are all located in periodicities which do not contain SSBs. These patterns can be used for cases when fewer SSBs are transmitted or when multiple SSB are associated with one RO so that fewer ROs are needed. Besides providing large density of  ROs to provide small latency, we also need to design some lower density RACH configurations, considering the analog beam constraint in FR2 which may result in large RO resource overhead in time domain and impose limitations on UL scheduling.

Proposal 3: The following slot pattern for PRACH configuration are proposed in addition to the working assumption for FR2
1. Slot 9, 19, 29, 39 for 2.5ms periodicity case;
2. Slot 19, 39 for 5ms periodicity case;
3. Slot 23, 27, 31, 35, 39 for 1ms periodicity case;
4. Slot 23, 31, 39 for for 2ms periodicity case.

Regarding some already agreed indexes in the working assumption, we have the following proposal:
Proposal 4: 
1. Keep the column "Number of RACH slots within a 60Khz slot" as 2 for index 0,6,8,10,12,13,15,17,19,21, to reduce latency
2. Drop the indexes with slot pattern “0,1,2,…,39” and “1,3,5,7,9…,39”, due to the extreme overhead and unclear use case in unpaired spectrum in FR2.
___________________________________________________________________________________________
Conclusions
Proposal 1: Regarding handling the gap necessary in between SS/PBCH block or DL part and PRACH tx, the following Alt.1 is preferred considering its simplicity. If the Alt. 2 is indeed required, it is necessary to confine the Alt.2 to FR2, and FFS the proper K value for FR2.  
· Alt. 1: UE assumes that all the RO in X and UL part configured by gNB are valid ROs. With this alt., gNB has to guarantee certain GP between DL/SSB and first RO.
· Alt. 2: Only ROs which start at least K symbols after DL are valid ROs, the start position of the K-symbol can be one of the followings, whichever comes last
iv. The last symbol of actually transmitted SSB + 1
v. The last DL symbol in the semi-static UL/DL configuration + 1
vi. The last symbol of the PDCCH scheduling RMSI + 1. For this alt., the starting symbol of the K-symbol should be clarified. 
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Proposal 2: Preamble format B1, A2/B2 and A3/B3 should be deprioritized if the number of configuration indexes are limited. 

Proposal 3: The following slot pattern for PRACH configuration are proposed in addition to the working assumption for FR2
1. Slot 9, 19, 29, 39 for 2.5ms periodicity case;
2. Slot 19, 39 for 5ms periodicity case;
3. Slot 23, 27, 31, 35, 39 for 1ms periodicity case;
4. Slot 23, 31, 39 for for 2ms periodicity case.

Proposal 4:
1. Keep the column "Number of RACH slots within a 60Khz slot" as 2 for index 0,6,8,10,12,13,15,17,19,21, to reduce latency.
2. Drop the indexes with slot pattern “0,1,2,…,39” and “1,3,5,7,9…,39”, due to the extreme overhead and unclear use case in unpaired spectrum in FR2.
___________________________________________________________________________________________
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