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1. Introduction
The followings are RACH procedure related agreements made in RAN1 #91.
	Working assumption:
· When multiple SS block are associated with one RACH transmission occasion, the preamble indices for CBRA for each SS block are mapped consecutively

Agreements:
· NR, at least, supports following mapping from actually transmitted SS blocks to RACH occasion/preamble index.
i. In the order of increasing preamble indices in single RACH occasion and then
ii. In the order of increasing the number of frequency multiplexed RACH occasions and then
iii. In the order of increasing the number of time multiplexed RACH occasions within a RACH slot
iv. In the order of increasing the number of RACH slots
· When multiple FDMed RACH occasions are configured, at least support one configuration where all FDMed RACH occasions get mapped to the same SSB, where different SSBs are associated with different RACH occasions in time domain
· FFS: when multiple FDMed RACH occasions are configured, support one configuration where all FDMed RACH occasions get mapped to one set of SSBs
· 
Agreements:
· Preamble indices for CBRA and CFRA are mapped consecutively for one SSB in one RACH transmission occasion.
· Association of CFRA preambles with SSBs can be reconfigured through UE-specific RRC signaling.
· Note: this does not preclude the gNB to possibly configure that the number of CFRA preambles per RO is smaller than the number of actually transmitted SSBs configured in RMSI
Agreements:
· gNB configures in RMSI the following:
· Number of CBRA preambles per SSB per RACH transmission occasion
· Number of SSBs per RACH occasion
· Number of CBRA preambles per SSB per RACH transmission occasion
· Maximum size for the range of values: 4 bits
· Number of SSBs per RACH occasion
· Maximum size for the range of values: 3 bits

Agreements:
· For every time period, the first actually transmitted SSB in a SSB burst set is mapped to the first PRACH occasion 
· FFS the time period (note: there is no additional RRC impact)




This contribution discusses remaining details regarding random access procedures.

2. Discussions

2.1 Association between SSB and PRACH resource
According to the agreements made in last meeting, the association between SSB and PRACH resource can be summarized like the followings.
· In RMSI, following information is indicated
· Actually transmitted SS blocks
· the number of RACH transmission occasions in time domain in a PRACH resource periodicity
· the number of RACH transmission occasions FDMed in one time instance
· the number of CBRA preambles per SSB per RACH transmission occasion 
· the number of SSBs per RACH occasion are configured.
· The mapping from actually transmitted SS blocks to RACH occasion/preamble index is
1. In the order of increasing preamble indices in single RACH occasion and then
2. In the order of increasing the number of frequency multiplexed RACH occasions and then
3. In the order of increasing the number of time multiplexed RACH occasions within a RACH slot
4. In the order of increasing the number of RACH slots

From the above summary, the mapping is done in the following manner. From the RACH configuration and the number of SSBs per RACH transmission ocassions, we can interpret the PRACH mapping periodicity, which is the periodicity of the RACH resources that are associated with all actually transmitted SS blocks.
For example, if the 2 slots are configured for PRACH (format A2) per radio frame and 2 PRACH transmission occasions FDMed in one time instance, there can be 12 PRACH transmission occasions per radio frame. In addition, if the number of SSBs per RACH transmission occasions is set as 2 and the number of actually transmitted SS blocks are 8, then there can be 3 possible chance for the transmission of PRACH which associates with one SS block as shown in Figure 1.  
[bookmark: _Ref498687211][image: ]
[bookmark: _Ref503532619]Figure 1: Association between SSB and PRACH resource (PRACH format A2 is assumed)

In addition, it is also proposed that we confirm the working assumption that the preamble indices for CBRA for each SS block are mapped consecutively, when multiple SS block are associated with one RACH transmission occasion.
	
Proposal 1:  
· SSB and PRACH association can be done implicitly using actually transmitted SSB and PRACH occasions
· confirm the working assumption that the preamble indices for CBRA for each SS block are mapped consecutively	


2.2 PRACH transmission on reserved resource
	[bookmark: _Toc498597232]6.3.3.2	Mapping to physical resources
The preamble sequence shall be mapped to physical resources according to





where physical resources overlapping resources declared as ‘reserved’ according to clause 4.4.3 shall be counted in the mapping process but not used for transmission,  is an amplitude scaling factor in order to conform to the transmit power  specified in [5, TS38.213], and  is the antenna port. Baseband signal generation shall be done according to clause 5.3 using the parameters in Table 6.3.3.1-1 or Table 6.3.3.1-2 with  given by Table 6.3.3.2-1.



In current version of 38.211 [1], there is a description regarding reserved resource and PRACH as captured above. If the highlighted part is interpreted, some or all of PRACH occasion has to be stayed as ‘no transmission’ if that part is declared as ‘reserved’ even though there is PRACH transmission happening.
However, the reserved resource is configured by higher layer signaling using UE-specific manner but the PRACH resource can be configured by RMSI. Therefore, a UE does not know whether the PRACH resource is overlapped with reserved resource or not when the UE performs the PRACH transmission for the purpose of initial access to a cell. So if the reserved resource overlaps with PRACH occasions, then it is not guaranteed that the reserved resource can be actually ‘reserved’.
And even after the UE-specific configuration, the PRACH signal can use 1.25KHz subcarrier spacing for some PRACH formats so the symbol length can be much larger than normal data, e.g, 15kHz. If the a certain number of OFDM symbols is declared as ‘reserved’ inside the PRACH slot, then it is not easy to puncture out only the part declared as “reserved”.
From the above motivation, it is proposed that if the PRACH occasion chosen for the PRACH transmission by MAC overlaps with resources declared as ‘reserved’, the UE transmits PRACH on that PRACH occasion without any puncturing.
The same discussion happened for SSB and PBCH part and it was concluded that the description on reserved resource and UE assumes that it is an error case if SS blocks overlap with reserved resources. We can simply follow the same rule with this for PRACH part. 

	Agreements:
· gNB indication of the transmitted cell-defining SS blocks that partially or fully overlap with reserved resources is considered an error in configuration for the given transmitted cell-defining SS blocks
· No UE behaviour needs to be specified 




Proposal 2:  
· gNB indication of the PRACH transmission occasions that partially or fully overlap with reserved resources is considered an error in configuration for PRACH
· Agree on the text proposal 1 below.


2.3 TA offset values
In the LS [2], RAN4 determine the TA offset for unpaired spectrum as shown Table 1.

[bookmark: _Ref503533147][bookmark: _Ref503533137]Table 1: The Value of  [Tc]
	Duplex Mode of cell used for uplink transmission
	


	FDD in FR1 or FR2
	0 (Note)

	TDD in FR1 without LTE-NR coexistence 
	25560 (correspond to 13 µs)

	TDD in FR2
	13763 (correspond to 7 µs)

	Note: Regardless of whether LTE-NR coexistence is configured or not in FR1



RAN4 is also asking RAN1 whether there is any impact on the performance if  is the same regardless of whether or not the NR co-exist with LTE on a TDD carrier in FR1 since the agreed TA offset for NR TDD in FFR1 is 13 µs which is different from the LTE, where TA offset is defined as 20 µs.
The question from RAN4 may be simply answered by the NW configuration of the PRACH sequences for LTE cell and NR cell. It is straightforward that LTE cell and NR cell configure different PRACH sequences even though they share the same time-frequency resources for PRACH. In that assumption, NW may determine timing of the detected PRACH and by applying the relent TA offset for each PRACH sequence 

In addition, we have the following agreement on the timing gap between Msg-1 and MSg-2 and it is reflected in TS38.213 [3].
	Agreements:
· For RAR, X can be supported for the timing gap between the end of MSg1 transmission and the starting position of the CORESET for RAR
· Value of X = ceiling(/(symbol duration))*symbol duration, where the symbol duration is based on the RAR numerology
· Where  is to accommodate sufficient time for UE Tx-Rx switching if needed (e.g., for TDD)
· Note: UE Tx-Rx switching latency is up to RAN4



The  is currently not defined but it has to accommodate sufficient time for UE Tx-Rx switching. Therefore, we can simply use the TA_offset for  values assuming that there is no additional input from RAN4. Relevant text proposal 2 is proposed below.

Proposal 3:  
· There is no impact on the performance if  is the same regardless of whether or not the NR co-exist with LTE on a TDD carrier in FR1 at least for RACH procedure
· Agree on the text proposal 2.


3. Conclusions
In this contribution we have discussed some open issues regarding random access procedures. We have the following proposals based on discussions above:

Proposal 1:  
· SSB and PRACH association can be done implicitly using actually transmitted SSB and PRACH occasions
· confirm the working assumption that the preamble indices for CBRA for each SS block are mapped consecutively	

Proposal 2:  
· gNB indication of the PRACH transmission occasions that partially or fully overlap with reserved resources is considered an error in configuration for PRACH
· Agree on the text proposal 1

Proposal 3:  
· there is no impact on the performance if  is the same regardless of whether or not the NR co-exist with LTE on a TDD carrier in FR1 at least for RACH procedure
· Agree on the text proposal 2.
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Text Proposals
 
Text proposal 1 For TS38.211

[bookmark: _Toc500952679]6.3.3.2	Mapping to physical resources
The preamble sequence shall be mapped to physical resources according to





where physical resources overlapping resources declared as 'reserved' according to clause 4.4.3 shall be counted in the mapping process but not used for transmission,  is an amplitude scaling factor in order to conform to the transmit power specified in [5, TS38.213], and  is the antenna port. Baseband signal generation shall be done according to clause 5.3 using the parameters in Table 6.3.3.1-1 or Table 6.3.3.1-2 with  given by Table 6.3.3.2-1.


Text proposal 2 For TS38.213

[bookmark: _Ref491444649][bookmark: _Ref491451289][bookmark: _Ref491451291][bookmark: _Ref491451292][bookmark: _Ref491451293][bookmark: _Ref491451294][bookmark: _Ref491451297][bookmark: _Ref491458133][bookmark: _Toc501387538]8.2	Random access response


In response to a PRACH transmission, a UE attempts to detect a PDCCH with a corresponding RA-RNTI during a window controlled by higher layers [11, TS 38.321]. The window starts at the first symbol of the earliest control resource set the UE is configured for Type1-PDCCH common search space, as defined in Subclause 10.1, that is   symbols after the last symbol of the preamble sequence transmission, where  depends on the frequency band according to [38.133]. The length of the window in number of slots, based on the sub-carrier spacing and cyclic prefix for Type0-PDCCH common search space as defined in Subclause 10.1, is provided by higher layer parameter rar-WindowLength.  
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