3GPP TSG RAN WG1#101                                                         R1-2003978
e-Meeting, May 25th –June 5th, 2020

Agenda Item:	7.2.1.1
Source:	Spreadtrum Communications
Title:	Remaining issues on channel structure for 2-step RACH
Document for:	Discussion and decision

Introduction
In RAN1#100Bis e-meeting, there were good discussions on 2-step RACH, some agreements and conclusions were reached. In this contribution, we discuss the remaining issues on 2-step RACH channel structure, including MsgA PUSCH occasions overlapping, leftover PRACH occasion validation without associated SSB, and leftover preamble validation for preamble-PRU mapping.
Discussion
MsgA PUSCH occasion overlapping for a PUSCH configuration
In RAN1#98Bis [1] and RAN1#99 [2], some agreements for MsgA PUSCH configuration were agreed as follows:
	Agreements (RAN1#98Bis):
· Regarding the potential overlapping of msgA PUSCH occasions for a PUSCH configuration:
· Limit the msgA PUSCH configuration so that overlapping between PUSCH occasions is not expected.
Agreements (RAN1#99):
· The preambles in a preamble group in each PRACH slot are mapped to the PRUs that are determined by the signaled single offset related to the PRACH slot per MsgA PUSCH configuration


In the last e-meeting, we discussed and clarified the reference point of the slot offset for MsgA PUSCH configuration. According to the discussion, the NW can configure the same or different subcarrier spacing for MsgA PRACH and MsgA PUSCH. For the case that the PUSCH slot is longer than the PRACH slot, it is possible that two or more PRACH slots are associated with one PUSCH slot that means the MsgA PUSCH occasions associated with multiple PRACH slots overlap. It is up to the network implementation to avoid this configuration, which was agreed in the above RAN1#98Bis agreement. However, it is not captured in the RAN1 spec. 
To make the spec more accurate, we propose to clarify it as follows:
Proposal1: Clarify that UE does not expect to have an overlapping of msgA PUSCH occasions for a MsgA PUSCH configuration.
The proposed TP1 is provided in Appendix 5.1.
Leftover RO validation without associated SSB for 2-step RACH
In the last e-meeting, the issue on PRACH occasion validation without associated SSB for 2-step RACH was raised and discussed, and some agreements were reached as follows. 
	Agreements:
· Observation: The RO validation rule defined in TS 38.213 section 8.1 and the rule for “PRACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not used for PRACH transmissions” apply to the RACH occasions configured by both 4-step RACH and 2-step RACH.
· Discuss further in this meeting if a TP is needed in TS 38.213 section 8.1, to clarify that the RACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not mapped to PUSCH occasions


According to the above agreements, we don’t achieve consensus on whether “are not used for PRACH transmissions” means the PRACH occasion is invalid or not, whether this kind of leftover PRACH occasions can be used to associate with POs and to determine the mapping ratio between PRACH preamble and PRU (PUSCH occasion associated with a DMRS resource). 
Two different understandings are as follows:
· Understanding1: leftover PRACH occasions are invalid, mainly considering that these left-over PRACH occasions are not used for PRACH transmission and PUSCH cannot be transmitted in the associated PUSCH occasions, these PRACH occasions should not be counted as valid PRACH occasion to determine the preamble to PRU mapping ratio.
· Understanding2: leftover PRACH occasions are valid but not used, mainly considering that the current PRACH occasion validation is determined by slot configuration and directional conflict, which hasn’t exclude that a PRACH occasion without associated SSB(s) is valid, these PRACH occasions should be counted as valid PRACH occasion to determine the preamble to PRU mapping ratio.
From an implementation perspective, these two understandings can work. However, in our views, a valid PRACH occasion should associate with one or more SS/PBCH blocks, a UE transmits a preamble in a valid PRACH occasion, the NW can identify and determine a SS/PBCH block associated with the PRACH occasion, and then send the response message using the corresponding SSB. If leftover PRACH occasions aren’t used to transmit preambles, but they are still used for preamble to PRU mapping, frankly speaking, it is not reasonable. 
On the one hand, when performing the mapping of preambles transmitted in these left-over PRACH occasions and corresponding PUSCH occasions associated a DMRS resource, it is possible that all the associated PUSCH occasions are distributed in the system. Although these PUSCH occasions will not be used for 2step, they can be used by the NW for other purpose, but distributed PUSCH resources will reduce the resource utilization from the system perspective. On the other hand, in the last meeting, it was mentioned that in some cases, a valid PRACH occasion should be taken higher priority due to the potential overlap between PUSCH and PRACH, for these leftover valid PRACH occasions, it seems not so meaningful to be high prioritized.
A more simple and reasonable solution is to complete the PRACH occasion validation rule, and clarify that a valid PRACH occasion should have associated SSB(s), which applies to the PRACH occasions configured by both 4-step RACH and 2-step RACH. It is obvious that the leftover PRACH occasions are invalid and not be counted as valid PRACH occasion to determine the preamble to PRU mapping ratio.
Therefore, we propose to specify an additional validation rule for PRACH occasion as follows:
Proposal 2: Complete the PRACH occasion validation rule that a valid PRACH occasion should have associated SSB(s), which applies to the PRACH occasions configured by both 4-step RACH and 2-step RACH.
The proposed TP2 is provided in Appendix 5.2.
Leftover Preamble validation without associated SSB for 2-step RACH
The same issue happens for preambles. In RAN1#100 e-meeting, an alignment CR (numbered R1-2000603) on SSB-RO association was agreed, and the corresponding text proposal change was as follows:
	[bookmark: _Toc535263181]8.1	Random access preamble
An association period, starting from frame 0, for mapping SS/PBCH blocks to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according Table 8.1-1 such that [image: ] SS/PBCH blocks are mapped at least once to the PRACH occasions within the association period, where a UE obtains [image: ] from the value of ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon. If after an integer number of SS/PBCH blocks to PRACH occasions mapping cycles within the association period there is a set of PRACH occasions or PRACH preambles that are not mapped to [image: ] SS/PBCH blocks, no SS/PBCH blocks are mapped to the set of PRACH occasions or PRACH preambles. An association pattern period includes one or more association periods and is determined so that a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 160 msec. PRACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not used for PRACH transmissions.


According to the spec, after the integral number of mapping cycles in an association period, the leftover PRACH occasions and preambles (as shown in figure1) will not be mapped to any SSBs, which means that there will not be any partial (incomplete) SSB-RO mapping in the system.
The case of the leftover preambles is shown as figure 1.
[image: ]
According to the RAN1 spec, the calculation of preamble and PRU mapping ratio is based on the total number of preambles of valid PRACH occasions and PRUs of valid PUSCH occasions per association pattern period, the detailed specification is shown as follows:
	Each consecutive number of  preamble indexes from valid PRACH occasions in a PRACH slot
· first, in increasing order of preamble indexes within a single PRACH occasion
· second, in increasing order of frequency resource indexes for frequency multiplexed PRACH occasions
· third, in increasing order of time resource indexes for time multiplexed PRACH occasions within a PRACH slot
are mapped to a valid PUSCH occasion and the associated DMRS resource
· first, in increasing order of frequency resource indexes  for frequency multiplexed PUSCH occasions
· second, in increasing order of DMRS resource indexes within a PUSCH occasion, where a DMRS resource index  is determined first in an ascending order of a DMRS port index and second in an ascending order of a DMRS sequence index [4, TS 38.211]
· third, in increasing order of time resource indexes  for time multiplexed PUSCH occasions within a PUSCH slot
· fourth, in increasing order of indexes for  PUSCH slots
where ,  is a total number of valid PRACH occasions per association pattern period multiplied by the number of preambles per valid PRACH occasion provided by msgA-PUSCH-PreambleGroup, and  is a total number of valid PUSCH occasions per PUSCH configuration per association pattern period multiplied by the number of DMRS resource indexes per valid PUSCH occasion provided by msgA-DMRS-Config. 


In session 2.2, we analyze the leftover PRACH occasion case, and propose that if leftover PRACH occasions without associated SSB are seen as invalid, they cannot be used for the preamble and PRU mapping. However, there is no any discussion on the case that the leftover part is preambles. In this case, it is obvious that the PRACH occasion could be valid, but it is not clear that whether these leftover preambles are used for the mapping between preamble(s) and PRU(s) for 2-step RACH.
From our perspective, the same handling mechanism as leftover PRACH occasion can be used for leftover preamble case, it means that these preambles are invalid and not be used to determine the preamble to PRU mapping ratio for 2-step RACH. Therefore, a clarification for this case is also necessary.
Proposal 3: For type-2 random access procedure, the preamble(s) without associated SSB(s) shouldn’t be used for the mapping between preamble(s) and PRU(s).
The proposed TP3 is provided in Appendix 5.3.
Conclusion
In this contribution, we discuss the remaining issues on 2-step RACH channel structure, and the following suggestions are proposed:
Proposal1: Clarify that UE does not expect to have an overlapping of msgA PUSCH occasions for a MsgA PUSCH configuration.
Proposal 2: Complete the PRACH occasion validation rule that a valid PRACH occasion should have associated SSB(s), which applies to the PRACH occasions configured by both 4-step RACH and 2-step RACH.
Proposal 3: For type-2 random access procedure, the preamble(s) without associated SSB(s) shouldn’t be used for the mapping between preamble(s) and PRU(s).
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Appendix 
Proposed TPs are as follows:
Text Proposal1 for TS38.213
8.1A	PUSCH for Type-2 random access procedure
--------------------------------------------------- Start of Text Proposal ---------------------------------------------------------
--------------------------------------------------- Unchanged parts omitted -----------------------------------------------------
For mapping one or multiple preambles of a PRACH slot to a PUSCH occasion associated with a DMRS resource, a UE determines a first slot for a first PUSCH occasion in an active UL BWP from msgA-PUSCH-TimeDomainOffset that provides an offset, in number of slots in the active UL BWP, relative to the start of a PUSCH slot including the start of each PRACH slot. The UE does not expect to have a PRACH preamble transmission and a PUSCH transmission with a msgA in a PRACH slot or in a PUSCH slot, and the UE does not expect to have an overlapping of msgA PUSCH occasions for a MsgA PUSCH configuration. The UE expects that a first PUSCH occasion in each slot has a same SLIV [6, TS 38.214] for a PUSCH transmission that is provided by startSymbolAndLengthMsgA-PO. 
---------------------------------------------------- Unchanged parts omitted ----------------------------------------------------
------------------------------------------------------ End of Text Proposal --------------------------------------------------------
Text Proposal2 for TS38.213
[bookmark: _Ref491452917][bookmark: _Toc12021462][bookmark: _Toc20311574][bookmark: _Toc26719399][bookmark: _Toc29894830][bookmark: _Toc29899129][bookmark: _Toc29899547][bookmark: _Toc29917284][bookmark: _Toc36498158]8.1	Random access preamble
--------------------------------------------------- Start of Text Proposal ---------------------------------------------------------
--------------------------------------------------- Unchanged parts omitted -----------------------------------------------------
For paired spectrum all PRACH occasions are valid if the PRACH occasion associates with SS/PBCH block(s). 
For unpaired spectrum, 
-	if a UE is not provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it associates with SS/PBCH block(s) and does not precede a SS/PBCH block in the PRACH slot and starts at least [image: ] symbols after a last SS/PBCH block reception symbol, where [image: ] is provided in Table 8.1-2.
-	the index of the SS/PBCH block is provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon 
-	If a UE is provided tdd-UL-DL-ConfigurationCommon, a PRACH occasion in a PRACH slot is valid if it associates with SS/PBCH block(s) and if 
-	it is within UL symbols, or 
-	it does not precede a SS/PBCH block in the PRACH slot and starts at least [image: ] symbols after a last downlink symbol and at least [image: ] symbols after a last SS/PBCH block symbol, where [image: ] is provided in Table 8.1-2, and if ChannelAccessType-r16 = semistatic is provided, does not overlap with a set of consecutive symbols before the start of a next channel occupancy time where there shall not be any transmissions, as described in [15, TS 37.213]
-	the index of the SS/PBCH block is provided by ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon. 
---------------------------------------------------- Unchanged parts omitted --------------------------------------------------
------------------------------------------------------ End of Text Proposal ------------------------------------------------------

Text Proposal3 for TS38.213
8.1	Random access preamble
--------------------------------------------------- Start of Text Proposal ---------------------------------------------------------
--------------------------------------------------- Unchanged parts omitted -----------------------------------------------------
[bookmark: _GoBack]An association period, starting from frame 0, for mapping SS/PBCH blocks to PRACH occasions is the smallest value in the set determined by the PRACH configuration period according Table 8.1-1 such that [image: ] SS/PBCH blocks are mapped at least once to the PRACH occasions within the association period, where a UE obtains [image: ] from the value of ssb-PositionsInBurst in SIB1 or in ServingCellConfigCommon. If after an integer number of SS/PBCH blocks to PRACH occasions mapping cycles within the association period there is a set of PRACH occasions or PRACH preambles that are not mapped to [image: ] SS/PBCH blocks, no SS/PBCH blocks are mapped to the set of PRACH occasions or PRACH preambles. An association pattern period includes one or more association periods and is determined so that a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 160 msec. PRACH occasions not associated with SS/PBCH blocks after an integer number of association periods, if any, are not used for PRACH transmissions, and preambles not associated with SS/PBCH blocks after an integer number of association periods, if any, are not used for mapping preamble(s) to PUSCH occasion associated with a DMRS resource for Type-2 random access procedure.
--------------------------------------------------- Unchanged parts omitted ------------------------------------------------------
------------------------------------------------------ End of Text Proposal --------------------------------------------------------
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