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Introduction
This contribution discusses the following corrections and remaining issues on PRACH procedure:
· Simplified RAR detection for contention free random access 
· PDCCH order triggered PRACH
Agreements:
· PDCCH order for RACH procedure includes the following fields:
· Random Access Preamble index – 6 bits. Indicating which Random access preamble to use in case of contention-free random access procedure, or the value 000000 in case of contention-based random access procedure
· For CFRA only:
· FFS BWP index. Indicating which BWP to transmit the Random access preamble on
· SUL indicator – 1 bit. Indicating whether to transmit the Random access preamble on SUL or normal uplink carrier
· SSB index - 6 bits are used to indicate an SSB index, which, in turn, identifies a group of RACH occasions
· RACH occasion index - 3 bits are used to indicate the relative RACH occasion index that corresponds to the indicated SSB index identified group of RACH occasions
· Parallel uplink procedure
Agreements:
UE does not simultaneously transmit PRACH and PUSCH/PUCCH/SRS in, at least, single CC and in intra-band CA, during any of the following scenarios:
· Same slot 
· When the gap between the end of PRACH (PUSCH/PUCCH/SRS) and the start of PUSCH/PUCCH/SRS (PRACH) is less than N symbols
· N = 2 for 15 kHz and 30 kHz SCS. 
· N = 4 for 60 kHz and 120 kHz SCS.
· Working assumption: Reference SCS for determining N is the SCS for UL BWP.
· FFS: inter-band CA.
· Transmission of PRACH or SR (on PUCCH) if any, is up to UE implementation.
· Msg.3 initial transmission timing indication
Working assumption:
· For PUSCH tx, 4-bit to indicate the resource allocation, as shown in Table below
Table 6.1.2.1-x: Default resource allocation for PUSCH
	i
	PUSCH mapping type
	K2
	S
	L

	0
	Type A
	j
	0
	14

	1
	Type A
	j
	0
	12

	2
	Type A
	j
	0
	10

	3
	Type B
	j
	2
	10

	4
	Type B
	j
	4
	10

	5
	Type B
	j
	4
	8

	6
	Type B
	j
	4
	6

	7
	Type A
	j+1
	0
	14

	8
	Type A
	j+1
	0
	12

	9
	Type A
	j+1
	0
	10

	10
	Type B
	j+2
	0
	14

	11
	Type A
	j+2
	0
	12

	12
	Type A
	j+2
	0
	10

	13
	Type B
	j
	8
	6

	14
	Type A
	j +3
	0
	14

	15
	Type A
	j +3
	0
	10


Table 6.1.2.1-x: Definition of value j in determination for K2
	µ
	j for msg 3 initial tx
	j for other cases 

	0
	3
	1

	1
	3
	1

	2
	6
	2

	3
	9
	3


Agreements:
For time-domain signaling for PUSCH scheduled by DCI in USS
· if dedicated RRC signaling has provided a table	
· Use this table for PUSCH transmission scheduled by DCI in USS
· else if RMSI signaling has provided a table
· Use this table for PUSCH transmission scheduled by DCI in USS
· else
· Use the default PUSCH table
· Default search space design for RACH procedure
Discussions
Msg.1 related issues
In TS38.331, the parameter totalNumberOfRA-Preambles is provided to indicate UE how many preambles will be used for RACH purpose in total 64 preambles, part of the preambles might be reserved for other purpose like on-demand SI request. In order to align with such design, the starting symbol index determination for the case of N SSBs are associated with one same RACH occasion should be updated. Agreements:
· For the case that N SSBs are associated with one RACH occasion, where N >= 1, the subset of cb-preamblePerSSB consecutive CBRA preambles associated with SSB i (i=0, …, N-1) starts from preamble index i*(64/N).  

Proposal 1:　Update the agreement to be:
· For the case that N SSBs are associated with one RACH occasion, where N >= 1, the subset of cb-preamblePerSSB consecutive CBRA preambles associated with SSB i (i=0, …, N-1) starts from preamble index i* floor(totalNumberOfRA-Preambles 64/N). 
Msg.2 related issues
 UL grant in RAR
In current 38.213, the UL grant in RAR is captured as following:
Table 8.2-1: Random Access Response Grant Content field size
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	Msg3 PUSCH frequency resource allocation
	12

	Msg3 PUSCH time resource allocation
	4

	MCS
	4

	TPC command for Msg3 PUSCH
	3

	CSI request
	1

	Reserved bits
	3


However, the reserved 3 bits is captured in the RAR grant field, which actually is the result of octet-alignment of whole random access response, rather than the UL grant itself, thus, the following TP is proposed.
Proposal 2: update the Table 8.2-1 as following:
Table 8.2-1: Random Access Response Grant Content field size
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	Msg3 PUSCH frequency resource allocation
	12

	Msg3 PUSCH time resource allocation
	4

	MCS
	4

	TPC command for Msg3 PUSCH
	3

	CSI request
	1

	Reserved bits
	3



 RAR detection for contention free random access
Since there is no collision issue for non-contention based random access, the procedure of non-contention based random access is simplified compared with that of contention based 4-step RACH procedure. Especially, the RA procedure is simplified to 2-step, including msg. 1 transmission and RAR detection. Meanwhile, the PRACH resource and preamble for msg. 1 transmission is allocated by gNB. 
As for RAR detection, UE monitors PDCCH within the random access response window identified by RA-RNTI calculated from PRACH used for msg. 1 transmission. After successfully detection of PDCCH, the corresponding RAR will be located then be decoded by higher layers. The information including TA command, UL grant and etc. will be transferred back to physical layer. Actually, due to the non-contention feature and if the target UE is in RRC-connected mode, the RAR detection can be further simplified especially to satisfy requirements of some low latency services, for example, hand-over with low delay requirement, and etc.
In current 38.321, the response for the beam failure recovery triggered RACH procedure will dependent on the PDCCH addressed to the C-RNTI. Thus, similar rule could be applied for the RAR detection for non-contention based random access. One advantage is that the UE behavior for RAR detection is simplified. After the transmission of msg. 1, UE will monitor the PDCCH using RA-RNTI or C-RNTI within random access response window. If the PDCCH is decoded successfully and the preamble identifier in PDCCH is matched with transmitted preamble, UE will regard the non-contention based random access procedure as successful and read the TA command, possibly initial UL grant in PDCCH to facilitate the following data transmission procedure. The procedure is simplified since there is no need for UE to read PDSCH and the contents of PDSCH will no longer need to go through higher layer. The delay of non-contention based random access could be also reduced.
 As a result, it is feasible and beneficial to finish the CFRA procedure with detecting PDCCH addressed to C-RNTI. For example, for the PDCCH order triggered PRACH, it can include the indication in the PRACH configuration that whether UE should use C-RNTI or RA-RNTI to detect the possible RAR after transmitting preamble. Based on above analysis, the following proposal is draw:
Proposal 3: the complete of CFRA procedure could be based on detecting PDCCH addressed to C-RNTI.
RACH configuration details
 PDCCH order triggered PRACH
In the coming LS from RAN2, it asks RAN1 to take the agreements from RAN 2 into consideration and increase the number of bits to indicate the relative RACH occasion index from 3 bits to 4 bits. RAN2 also suggests RAN 1 to adopt the name “PRACH mask index” instead of “relative PRACH occasion index”.  The designed PRACH mask table as below:
	PRACH mask Index
	Allowed RACH occasion

	0
	All

	1
	RACH occasion index 1

	2
	RACH occasion index 2

	3
	RACH occasion index 3

	4
	RACH occasion index 4

	5
	RACH occasion index 5

	6
	RACH occasion index 6

	7
	RACH occasion index 7

	8
	RACH occasion index 8

	9
	Every even RACH occasion

	10
	Every odd RACH occasion

	11
	reserved

	12
	reserved

	13
	reserved

	14
	reserved

	15
	reserved


In order to harmonize the RACH resource configuration in both PDCCH order and handover command for CFRA, it’s fine to update the PDCCH order content to align with the design of PRACH mask from RAN2. Thus, the following update of agreement is proposed.
Proposal 4:  update the agreements 
· RACH occasion index - 3 bits are used to indicate the relative RACH occasion index that corresponds to the indicated SSB index identified group of RACH occasions
to be
· PRACH occasion Mask index - 3 4 bits are used to indicate the relative RACH occasionPRACH mask index that corresponds to the RO(s) in the set of RACH occasions identified by the indicated SSB index.the indicated SSB index identified group of RACH occasions
Handling parallel UL transmission procedure
Based on previous agreements, UE does not simultaneously transmit PRACH and PUSCH/PUCCH/SRS in two cases, in the same slot or in the defined range before/after the PRACH preamble. In the case that PRACH and SR (on PUCCH) are happening in the same slot, it will be up to UE implementation to transmit either PRACH or SR. Thus, it leaves one question, when PRACH and PUSCH/SR, which one should be prioritized?
Case 1: PRACH vs PUSCH
	One possible assumption is that the PUSCH might carry the data with higher prioritized information, e.g., URLLC, and the PRACH is just triggered with normal UL data. In this case, it’s a little bit similar to the case of PUCCH and PRACH; one cannot really tell which one should be prioritized. Thus, similar proposal is given as for PRACH vs PUCCH.
Proposal 5: Transmission of PRACH or PUSCH, if any, is up to UE implementation.
Case 2: PRACH vs SRS
It seems in MIMO session, such case has been touched partially, as they decided when the PRACH and SRS are overlapped, the PRACH is prioritized. Even in RACH agenda, the target use scenario is more restrictive that, e.g., even PRACH and SRS are not overlapping but in the same slot, UE can only transmit one of them. But the prioritizing rule can be borrowed, as the SRS seems no reason to be more prioritized than PRACH. Thus, the following proposal is given. 
Proposal 6: Transmission of PRACH is prioritized over transmission of SRS.
Msg.3 initial transmission timing indication 
In the previous meeting agreement, the default resource allocation table for PUSCH is defined. With the case of the msg.3 initial transmission or the normal PUSCH transmission, the K2 values are different. Proposal for working assumption:
· For the MSG3 PUSCH time domain resource assignment in RAR, the UE uses the default table or table indicated by RMSI for MSG3 PUSCH for the value of K2
· Note:  FFS: Numerology for K2
· Additional delay is added to K2 to account for N1+L2. The delay is subcarrier specific and given by the specification
· Note: If Msg2 and Msg3 have different SCS, value of N1 – in terms of absolute time - are determined by lower SCS between Msg2 and Msg3
· Note: Working assumption can be revisited once default table and/or support for RMSI signaling has been decided
Revisit till next meeting 


However, as discussed in the last meeting, it seems that RMSI can also configure a PUSCH table for the cell, and the question goes to whether do we need to add these additional delay to the PUSCH configuration table from RMSI. The argument on using the RMSI indicated PUSCH configuration table to directly apply to the RRC connected UE has been raised, thus gNB doesn’t need to reconfigure it in the RRC signaling. However, one simple solution will be, for Msg.3 PUSCH, UE just applies to the default table even when the RMSI indicates another PUSCH configuration table. As for msg.3, UE is usually before RRC connected state, and even hasn’t resolve contention yet, so optimizing the timing for msg.3 initial transmission is not necessary. 
Proposal 7: For the MSG3 PUSCH time domain resource assignment in RAR, the UE uses the default table for MSG3 initial transmission for the value of K2.
Default search space design for RACH procedure
In previous meeting, the question on the default search space for RACH space was discussed. One problem is that the current default search space, which is the RMSI search space, is not good enough for the RACH procedure. The main motivation discussed was that the monitoring periodicity of the RMSI search space is usually not suitable for the RACH procedure, e.g., 20ms is too long for RACH procedure.
However, based on the on-going email discussion on search space design, the periodicity can be configured among {5ms, 10ms, 20ms, 40ms, 80ms, 160ms } or {1, 2, 4, 5, 8, 10, 16, 20} slots based on the PDCCH SCS. In either way, the monitoring periodicity can be configured.
Observation 1: the monitoring periodicity can be configured for RMSI search space configuration.
Based on the observation, the monitoring periodicity might not be the key issue; however, the other aspect of the RMSI search space design is actually not suitable to be always the default search space. That is the limitation of the PDCCH candidate number available for RMSI search space. In current design, the PDCCH candidate for the RMSI search space is 4,2,1 for aggregation level 4,8,16; however, for RACH procedure, the multiple UE will be multiplexed in the same search space, moreover, the msg.2 PDCCH, msg.3 PDCCH, msg.4 PDCCH will be in the same search space as well, thus, normally, if the access UE number is slightly large, the search space may become too limited on the PDCCH candidate it could provide, thus it will be still dependent on the RMSI to configure the search space for RACH procedure. Thus, in many cases, gNB will need to separately configure the RACH search space in the RMSI. But as commented in last meeting discussion, it’s also no harm to have a default one, as it could leave to gNB implementation on whether to configure a separate search space. In some extreme case, e.g., very few UEs at night, gNB could have the RMSI search space as the default one since the number of UE conducts the RACH may be not much. 
Proposal 8: no need for new default search space for RACH procedure.
Proposal 9: it’s up to gNB implementation whether separately configure the RACH search space in RMSI.
Conclusion
In this contribution, considerations on RACH procedure are presented. In particular, the following are proposed:
Observation 1: the monitoring periodicity can be configured for RMSI search space configuration.
Proposal 1:　Update the agreement to be:
· For the case that N SSBs are associated with one RACH occasion, where N >= 1, the subset of cb-preamblePerSSB consecutive CBRA preambles associated with SSB i (i=0, …, N-1) starts from preamble index i* floor(totalNumberOfRA-Preambles 64/N). 




Proposal 2: update the Table 8.2-1 as following:
Table 8.2-1: Random Access Response Grant Content field size
	RAR grant field
	Number of bits

	Frequency hopping flag
	1

	Msg3 PUSCH frequency resource allocation
	12

	Msg3 PUSCH time resource allocation
	4

	MCS
	4

	TPC command for Msg3 PUSCH
	3

	CSI request
	1

	Reserved bits
	3


Proposal 3: the complete of CFRA procedure could be based on detecting PDCCH addressed to C-RNTI.
Proposal 4:  update the agreements 
· RACH occasion index - 3 bits are used to indicate the relative RACH occasion index that corresponds to the indicated SSB index identified group of RACH occasions
to be
· PRACH occasion Mask index - 3 4 bits are used to indicate the relative RACH occasionPRACH mask index that corresponds to the RO(s) in the set of RACH occasions identified by the indicated SSB index.the indicated SSB index identified group of RACH occasions
Proposal 5: Transmission of PRACH or PUSCH, if any, is up to UE implementation.
Proposal 6: Transmission of PRACH is prioritized over transmission of SRS.
Proposal 7: For the MSG3 PUSCH time domain resource assignment in RAR, the UE uses the default table for MSG3 initial transmission for the value of K2.
Proposal 8: no need for new default search space for RACH procedure.
Proposal 9: it’s up to gNB implementation whether separately configure the RACH search space in RMSI.
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