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Introduction
In RAN1 #91 meeting [1] and AH#1801 meeting [2], the following working assumptions and agreements are drawn:
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.
· If the Semi-static UL/DL configuration is in OSI
· Symbol index for the unpaired spectrum is also physical symbol index
· UE assume 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.
Agreements:
For RACH configuration for FR1 and paired spectrum:
· More priority to Ax and Bx formats compared to Ax/Bx
· Change from subframe 5 to subframe 4 for RACH configuration period 40,80,160ms
· Regarding the number of RACH occasions within one RACH configuration period.
· FDM is used to achieve 8 RACH occasions within one RACH configuration period
· In addition, for preamble formats A1, A2 and for periodicities 80ms, 160ms at least one configuration supports 8 RACH occasions. 
· Note: This can be done by either have more subframes allocated or to have more frames allocated
Agreements:
· NR supports PRACH format 0-3 for unpaired spectrum FR1. 
Agreements:
· Revisit the agreement made in RAN1#91 regarding the start symbol index for preamble format 2 with the following change:
· Start symbol Index (in Msg1 SCS for short sequence and 15kHz for long sequence): 
· Values {0,76} for format 2

The entries for RACH configurations for below 6 GHz have been adopted by current version of TS38.211. However, the entries for above 6 GHz, especially for short sequence have not decided yet. In this contribution, some remaining issues on PRACH configurations, including the considerations on entries for RACH configuration for above 6 GHz, especially for TDD case, will be discussed.
Discussion on PRACH configurations
PRACH configuration for paired spectrum
In last meeting, the PRACH configuration design for the paired spectrum case has been discussed. But the overall agreed entries are larger than the 256, so removing some of the entries is needed. 
One option is to reduce some entries which may have PRACH similar configuration, like the following example.
	PRACH
Configuration 
Index
	Preamble format
	

	Subframe number
	Starting symbol
	Number of PRACH slots within a subframe
	Number of time-domain PRACH occasions within a RACH slot

	
	A1
	1
	0
	0,2,4,6,8
	0
	2
	6

	
	A1
	1
	0
	1,3,5,7,9
	0
	2
	6


The only difference is the sub-frame index is odd or even, it may provide some minor flexibility to gNB to do scheduling, but other than that, no much necessity to have both of the entries, so that removing one of these two entries is a possible way to reduce the overall PRACH configuration entries.  
Proposal 1: removing some entries with highly similar configuration to meet the 256 entry requirement.
Considerations on PRACH configuration for unpaired spectrum 
For the consideration on unpaired spectrum, the following frame structure shown in Fig. 1 has been agreed.


Fig. 1 DL-UL frame structure for NR TDD
As shown in Fig. 1, the DL-UL transmission structure is consists of DL slots, DL symbols, guard period, UL symbols, and UL slots. The DL-UL transmission periodicity can be configured as {0.5, 0.625, 1, 1.25, 2, 2.5, 5, 10} ms. For initial access, since SS blocks should be transmitted within 5ms, small DL-UL transmission periodicity will lead to difficulty to place all SS blocks and sufficient RACH occasions at the same time. As shown in the following figure, the SSB (blue one) will possibly occupy the location of the 5ms window of SSBs. Thus, it is obvious that it is almost impossible to accommodate all the SS/PBCH block numbers for all UL-DL configuration periodicity. The trade-off between the number of SSBs and the flexibility of the UL-DL configuration periodicity is needed. Besides, the general rules for unpaired spectrum is For simplicity, here we only consider the 10 ms DL-UL transmission periodicity as an example and we assume that all the slots in the last 5ms can be used for PRACH.
[image: ]
Figure 2 – illustration of possibly NR-SS/PBCH Mapping in Time Domain
Another issue for PRACH configuration is that if all possibilities of preamble formats are considered, there will be too many entries and 8 bits for PRACH configuration will not be enough. Taking preamble format A1 as an example and only consider 15kHz subcarrier spacing. Below we list as many as possible entries.
Table I Possible entries for preamble format A1 with 15kHz subcarrier spacing
	PRACH config. Index
	Preamble Format
	Config. Period (ms)
	Subframe/Slot number
	SFN mod Config. Period
	Start symbol index
	Number of RACH slots within a subframe
	Number of RACH occasions within a RACH slot

	
	A1
	10/20/40/80/160
	{9}/{4,9}/{7,9}/
{4,7,9}/{2,5,6,7,8,9}
	0
	0/2
	0
	{6}/{4}/{2}


In table I, not all possibilities are listed. For example, for configuration period 160ms, the configuration of SFN mod Config. Period can be also 0, 1, or other numbers. However, for the entries listed in table I, there are already more than 200 possibilities for only one preamble format, which already exceeds the maximum number of supported PRACH configurations.
From above analysis, we can conclude that the balance between flexibility and overhead is necessary and only part of the possible entries can be included into the PRACH configuration table. 
Considering that for TDD frame structure, e.g., smaller UL-DL switching periodicity, some of the slots cannot be used due to downlink transmission. As a result, some entries should be ruled out and some of entries should be modified. For example, first 2 to 3 slots will be used for downlink transmission as well as transition between downlink to uplink and these slots cannot be used for TDD PRACH configurations. One basic rule for design is to place PRACH more evenly in time domain and for unpaired spectrum, put the RACH occasion in the end of the slot/subframe. As for multiple sub-carrier spacings, the better way is to make the PRACH scalable with sub-carrier spacing. For example, for sub-carrier spacing 60 khz /120 khz comparing with 15 khz /30 khz, the slot index for 60 khz /120 khz can be scalable based on the subframe index decided for 15khz/30khz. 
Proposal 2: for short sequence in unpaired spectrum and above 6 GHz, the slot index in PRACH configuration entries can be scalable based on subframe index in PRACH configuration entries decided for below 6Ghz .
Considerations on start position of PRACH for unpaired spectrum
Another issue for TDD PRACH configuration is the interference from downlink transmission to uplink transmission. For example, the PRACH is placed in the X2 symbols of an uplink slot as shown in Fig.1, it may suffer from interference caused by pervious downlink transmission, since PRACH is more vulnerable to such interference compared with data channel. One potential solution to solve this issue is to determine the start transmission time from the end of uplink slot. Figure 3 shows one example of how to determine the start transmission time.
Observation 1: To reduce the interference caused by downlink, it is better to determine the start time position from the end of uplink slot.


Fig. 3 Determination of start position from the end of uplink slot
From Fig. 3, it can see that the RO is indexing from the end of the slot to the beginning, with the predefined GP for a particular preamble format, it is able to 
· Put preamble transmission from end of slot  using start symbol indexing of 0,2 as well, could reduce the necessity to introduce new start symbol indexing for unpaired spectrum;
· Trying to avoid the DL impact to the possible PRACH transmission.
Proposal 3: At least for unpaired spectrum, the start position of PRACH occasion can be determined from the end of uplink slot.
Possible collision between DL part and PRACH
In RAN1#91 meeting, the following working assumption is draw. At that time, it was unclear that whether the semi-static UL/DL configuration will be put in RMSI or OSI. Even in that situation, the same conclusion was made for both cases, which is UE assumes that RACH occasions configured in RMSI are not collided with DL transmission. Because it’s natural for gNB to control this collision, i.e., gNB has all the information, the UL/DL configuration, UL/DL scheduling, the flexibility to select the PRACH configuration from up to 256 PRACH configuration entries. The need of special handling of the collision only happens when there is no entries in the RACH configuration table could avoid the collision. Besides, this also needs to take into account the odds how likely this situation will happen. Given the situation that the Semi-static UL/DL configuration is in RMSI, the working assumption can be confirmed with a correction that deleting the “only PRACH occasions within the UL part is transmitted”, as this statement may have some contradictory understanding of the intention.  
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.
· If the Semi-static UL/DL configuration is in OSI
· Symbol index for the unpaired spectrum is also physical symbol index
· UE assume 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.

Proposal 4: confirm the working assumption with the update of “only PRACH occasions within the UL part is transmitted”.
Conclusion
In this contribution, issues on preamble format and PRACH configuration are discussed. Based on above analysis, we have following observations and proposals:
[bookmark: OLE_LINK1]Observation 1: To reduce the interference caused by downlink, it is better to determine the start time position from the end of uplink slot.
Proposal 1: removing some entries with highly similar configuration to meet the 256 entry requirement.
Proposal 2: for short sequence in unpaired spectrum and above 6 GHz, the slot index in PRACH configuration entries can be scalable based on subframe index in PRACH configuration entries decided for below 6Ghz .
Proposal 3: At least for unpaired spectrum, the start position of PRACH occasion can be determined from the end of uplink slot.
Proposal 4: confirm the working assumption with the update of “only PRACH occasions within the UL part is transmitted”.
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