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Introduction
In RAN1 #92 meeting [1] the following working assumptions and agreements are drawn:
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
Working assumption:
· For Random access configurations for FR2 and unpaired spectrum (short sequence)
· The ones in yellow background are not final

	PRACH Configuration Index
	Preamble format
	nSFN mod x  = y
	Slot number
	Starting symbol
	Number of PRACH slots within a 60kHz slot
	Number of time domain PRACH occasions within a RACH slot
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	0
	A1
	1
	0
	4,9,14,19,24,29,34,39
	0
	2 or 1
	6

	1
	A1
	1
	0
	4,9,14,19,24,29,34,39
	7
	1
	3

	2
	A1
	1
	0
	24,29,34,39
	0
	2 or 1
	6

	3
	A1
	1
	0
	24,29,34,39
	7
	1
	3

	4
	A1
	1
	0
	18,19,38,39
	0
	2 or 1
	6

	5
	A1
	1
	0
	18,19,38,39
	7
	1
	3

	6
	A1
	1
	0
	0,1,2,…,39
	0
	2 or 1
	6

	7
	A1
	1
	0
	0,1,2,…,39
	7
	1
	3

	8
	A1
	1
	0
	23,27,31,35,39
	0
	2 or 1
	6

	9
	A1
	1
	0
	23,27,31,35,39
	7
	1
	3

	10
	A1
	1
	0
	3,7,11,15,19,23,27,31,35,39
	0
	2 or 1
	6

	11
	A1
	1
	0
	3,7,11,15,19,23,27,31,35,39
	7
	1
	3

	12
	A1
	1
	0
	1,3,5,7,…,37,39
	0
	2 or 1
	6

	13
	A1
	1
	0
	7,15,23,31,39
	0
	2 or 1
	6

	14
	A1
	1
	0
	7,15,23,31,39
	7
	1
	3

	15
	A1
	16
	0
	4,9,14,19,24,29,34,39
	0
	2 or 1
	6

	16
	A1
	16
	1
	[3,]7,[11,]15,[19,]23,[27,]31,[35,]39
	0 or 7
	1
	6 or 3

	17
	A1
	8
	1
	4,9,14,19,24,29,34,39
	0
	2 or 1
	6

	18
	A1
	8
	1
	[3,]7,[11,]15,[19,]23,[27,]31,[35,]39
	0 or 7
	1
	6 or 3

	19
	A1
	4
	1
	4,9,14,19,24,29,34,39
	0
	2 or 1
	6

	20
	A1
	4
	1
	[3,]7,[11,]15,[19,]23,[27,]31,[35,]39
	0 or 7
	1
	6 or 3

	21
	A1
	2
	1
	4,9,14,19,24,29,34,39
	0
	2 or 1
	6

	22
	A1
	2
	1
	[3,]7,[11,]15,[19,]23,[27,]31,[35,]39
	0 or 7
	1
	6 or 3

	23
	A1
	1
	0
	23,31,39
	0
	1
	6

	24
	A1
	1
	0
	1,3,5,7,…,37,39
	7
	 1
	3



In this contribution, the validation of the RACH occasion is discussed as well as the gap issue regarding DL/UL switching in the unpaired spectrum.  
.
Discussion on PRACH configurations for unpaired spectrum
Possible collision with DL  
In last meeting, RAN1 has updated the working assumption of that UE could assume there is no collision between PRACH and DL transmission for FR2. So that now for FR1 and FR2, respectively, there will be two rules for UE.
For FR1, UE still follows the pervious working assumption that, the RACH occasion in the UL part can be transmitted. Meanwhile, the UE could assume there is no collision of PRACH with the DL transmission. Even though this is kind of requesting gNB to ensure the configured PRACH could be avoided with DL transmission, such statement seems still leaving a room for ambiguity. For a UL/DL configuration, usually consisting of DL part, flexible part (X part) and UL part, if one RACH configuration deploys the RACH occasions in the X part, can UE count these ROs as valid? By the previous working assumption, UE can assume such RO is not collided with DL transmission so that it’s valid. However, UE may count such RO when conduct the mapping from SSB to RO, but if UE selected such RO for Msg.1 transmission, it has to drop the transmission as only the RO within the UL part could be transmitted. Thus, those ROs in the X part are also not valid effectively. Therefore, the following change is proposed:
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 and are valid for SSB to RO mapping.
· Introducing start symbol(s) larger than 2 for a limited number of entries in the Configuration table.

Proposal 1: confirm the working assumption for FR1 with the update of:
only PRACH occasions within the UL part is transmitted
· UE assumes that RACH occasions configured in RMSI are not collided with DL transmission and are valid for SSB to RO mapping.

. PRACH configuration design for FR2
Generally, one consideration for the FR2 PRACH configuration table design is that even though the current working assumption for FR2 allows the ROs collided with DL part and SSB part will be invalid; to not over-use such rule, the design principle still should be trying to avoid the DL transmission (including SSB) by the design of the table entry itself. Thus, having the RO at the end of the DL/UL period is still needed. 
In the case of 64 SSBs with 120KHz subcarrier spacing, the SSBs will occupy the most of the slots in the 5ms period. There is an entry with {4, 9, 14, 19, 24, 29, 34, 39}, however, this seems those RACH slots have right place for the UL part while avoid the DL/SSB transmission. 
[image: ]
Fig. 1 – RO in the end illustration
But during real implementation, gNB won’t prefer to allocate all the UL part to RACH. For example, using 0.625ms as DL/UL configuration, the 4th, 9th … will be UL part, but gNB will still need to leave 4th, 9th … to be available for data transmission. Even though the PUSCH transmission could be allocated the FDMed to the PRACH channel, but it requires the PUCSH is having the same preferred Rx beam to the PRACH, it will limit the scheduling flexibility of the gNB. Moreover, to deal with all the non-full SSB case (SSB number is not 64, but the position of SSB could be any of the 64 positions), and also the potential DL transmission of the RMSI, we prefer to have one entry to allocate the RO in the end, like following:
	PRACH Configuration Index
	Preamble format
	nSFN mod x  = y
	Slot number
	Starting symbol
	Number of PRACH slots within a 60kHz slot
	Number of time domain PRACH occasions within a RACH slot
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	A1
(and others)
	1
	0
	19,39
	0
	1
	6



Proposal 2: adopt following entry in the PRACH configuration table for FR2:
	PRACH Configuration Index
	Preamble format
	nSFN mod x  = y
	Slot number
	Starting symbol
	Number of PRACH slots within a 60kHz slot
	Number of time domain PRACH occasions within a RACH slot
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	A1
(and others)
	1
	0
	19,39
	0
	1
	6



Consideration on gap between DL/UL
With current status of UL/DL configuration, there is full flexibility to configure the length of DL part and UL part, thus result in flexible X part as well. A general concern for unpaired spectrum (e.g., TDD) is the interference from DL to UL, for example, in TDD LTE, a GP is specified. Thus, in NR, the GP is not explicitly defined, however, which could be generated by gNB configuration. One issue raised in last meeting is that, since the RO configuration in the X part is valid for UE to choose, there is possibility that the RO in the X part which is actually very close to the DL part. From previously understanding, the DL part could be left to un-scheduled to avoid interference to UL reception (in this case, preamble detection). However, such manner is not always desirable in realistic case. 
	Take PRACH configuration index 10 as one example, in which the {3,7,11,15,19,23,27,31,35,39} slots are configured as RACH slot, and given the semi-static UL/DL configuration in the following figure, i.e., {DDXXXXXXUU}, mostly the configured ROs in the X part are considered to be valid. However, taking a look at the slot 22, 23 (for 120khz), in which the valid ROs are right after the DL part, by leaving some part of the DL part un-scheduled to create the gap between DL and UL(RO) may not be a good idea since the DL part is already quite limited. There could be two limitations: one is further constraining the resource for DL transmission which ends up with very limited DL resource and the other is the gap may still not be enough even with some blank of DL part. 
[image: ]
Fig. 2 - illustration of the gap issue
One possible solution could be that the ROs in the X part should be shifted to the end of X part. As demonstrated in the Fig. 3. This is a general rule to apply the ROs in the X part and try the best to avoid the impact from the DL. By doing this, it’s effectively to make the ROs in the X part is connected to the UL part. This rule is helpful especially under current situation that the numerous combinations of UL/DL configurations and larger number of available preamble formats comparing to LTE and the configuration entries are rather limited. 
[image: ]
Fig.3 - illustration of shifting ROs in X part
Proposal 3: the ROs in the X part by the configuration of RMSI shall be shifted to the end of X part. 
Conclusion
In this contribution, issues on preamble format and PRACH configuration are discussed. Based on above analysis, we have following observations and proposals:
Proposal 1: confirm the working assumption for FR1 with the update of:
only PRACH occasions within the UL part is transmitted
· UE assumes that RACH occasions configured in RMSI are not collided with DL transmission and are valid for SSB to RO mapping.



Proposal 2: adopt following entry in the PRACH configuration table for FR2:
	PRACH Configuration Index
	Preamble format
	nSFN mod x  = y
	Slot number
	Starting symbol
	Number of PRACH slots within a 60kHz slot
	Number of time domain PRACH occasions within a RACH slot

	
	
	[image: ]
	[image: ]
	
	
	
	

	
	A1
(and others)
	1
	0
	19,39
	0
	1
	6



Proposal 3: the ROs in the X part by the configuration of RMSI shall be shifted to the end of X part. 
References
Chairman’s Notes, 3GPP RAN1 #92 meeting, Athens, Greece 26th Feb – 2nd Mar, 2018.

image2.png




image3.emf
SSB position

120k SCS

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

60k SCS

RO position

RO

RO position



5 ms



14 15 16 17 18 19 8 9 10 11 12 13 0 1 2 3 4 5 6 7


image4.emf
D D X X X X X X U U D D X X X X X X U U D D X X X X X X U U D D X X X X X X U U

120k SCS

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

60k SCS

RO

D D X X X X X X U U D D X X X X X X U U D D X X X X X X U U D D X X X X X X U U

120k SCS

40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79

60k SCS

RO

36 37 38 39 30 31 32 33 34 35 24 25 26 27 28 29

18 19

20 21 22 23

12 13 14 15 16 17 6 7 8 9 10 11 0 1 2 3 4 5

DL and ROs are close, and DL is short so that may not create enough gap


image5.emf
D D X X X X X X U U D D X X X X X X U U D D X X X X X X U U D D X X X X X X U U

120k SCS

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39

60k SCS

RO

D D X X X X X X U U D D X X X X X X U U D D X X X X X X U U D D X X X X X X U U

120k SCS

40 41 42 43 44 45 46 47 48 49 50 51 52 53 54 55 56 57 58 59 60 61 62 63 64 65 66 67 68 69 70 71 72 73 74 75 76 77 78 79

60k SCS

RO

34 35 36 37 38 39 28 29 30 31 32 33

18 19

20 21 22 23 24 25 26 27

12 13 14 15 16 17 6 7 8 9 10 11 0 1 2 3 4 5


image1.png




