
[bookmark: OLE_LINK7][bookmark: OLE_LINK12][bookmark: OLE_LINK2]3GPP TSG RAN WG1 #99                               		R1-1912006
Reno, Nevada, US, Nov 18th – 22nd, 2019

Source:	vivo
Title:	Discussion on channel structure for 2-step RACH
[bookmark: Source]Agenda Item:	7.2.1.1
[bookmark: DocumentFor]Document for:	Discussion and Decision
1. [bookmark: OLE_LINK13][bookmark: OLE_LINK14]Introduction 
[bookmark: OLE_LINK9][bookmark: OLE_LINK10]In RAN1 #98 meetings, following agreements were made regarding channel structure of msgA[1]. In this contribution, we will discuss the remaining issues on the channel structure for 2-step RACH, including mapping between PRACH and PUSCH, additional validation rule for msgA PUSCH, scrambling for msgA PUSCH DMRS. 
	Agreements:
· An msgA PUSCH occasion is considered as valid only if the following criteria are satisfied
· it does not overlap (in time and frequency) with any 4-step or 2-step RACH occasions, and
· FFS it does not span across the slot boundary, and
· in addition, if a UE is provided TDD-UL-DL-ConfigurationCommon, a 2-step PUSCH occasion is considered as valid if the following criteria are satisfied
· it is within UL symbols, or
· it does not precede a SS/PBCH block in the PUSCH slot and starts at least Ngap symbols after a last downlink symbol and at least Ngap symbols after a last SS/PBCH block transmission symbol
· FFS whether Ngap needs to be revisited
·  FFS other criteria (the gap between preamble and data for MsgA, etc.)

Agreements [Email approval]
· Preamble to PRU mapping ratio is down-selected from:
· Alt 1: A single value per configuration, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period
· Alt 2: A single value per SSB-to-RO association period, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association period
· FFS how to handle the fractional part of mapping ratio, if any
· FFS how to make sure a valid PRU occurs after its corresponding preamble




2. [bookmark: OLE_LINK6]Discussion on channel structure of msgA
2.1. [bookmark: OLE_LINK21]Mapping between PRACH and PUSCH
· Determination of mapping ratio
During the email discussion, following agreements were made regarding the mapping ratio determination.
· Preamble to PRU mapping ratio is down-selected from:
· Alt 1: A single value per configuration, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period
· Alt 2: A single value per SSB-to-RO association period, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association period
· FFS how to handle the fractional part of mapping ratio, if any
· FFS how to make sure a valid PRU occurs after its corresponding preamble
For Alt. 1, the mapping ratio is a single value within a SSB-to-RO association pattern period per configuration. The SSB-to-RO association pattern period includes one or more SSB-to-RO association periods and is determined so that a pattern between PRACH occasions and SS/PBCH blocks repeats at most every 160 msec. The mapping ratio between SSB and RO is constant across different the association pattern periods, since it is explicitly configured.
For Alt. 1, similar mechanism as SSB-to-RO association is applied for the association between PRACH occasions and PUSCH occasions. The main motivation is to balance the SSBs and the associated RO/PO within a time period. However, there could still be possible that the mapping ratio between preamble and PRU is different across different the SSB-to-RO association pattern periods, since the mapping ratio is implicitly derived. If the mapping ratio is not constant, it may complicate gNB configuration on the PRACH and PUSCH resources for msgA. Therefore, if Alt. 1 is supported, gNB should ensure the pattern between PRACH occasions and PUSCH occasions can repeat. An alternative way is to define a SSB-to-RO-to-PO association pattern period, within which a pattern among PRACH occasions, SS/PBCH blocks and PUSCH repeats.
[bookmark: _Ref24105371]Proposal 1: The mapping ratio between preamble and PRU is a single value per configuration, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period, i.e. Alt. 1 is supported.

· Handling of the fractional part of mapping ratio
[bookmark: OLE_LINK1][bookmark: OLE_LINK3]The mapping ration is implicitly derived by the total numbers of valid preambles and valid PRUs in the association period. There could be a case that the number of valid preambles is not the multiples of the number of valid PRUs. It results in fractional mapping ratio between preamble and PRU. 
Two options can be considered for the case of fractional mapping ratio.
· Option 1: the mapping ratio is integer only and determined by , where Npreamble denotes the number of preambles and NPRU denotes the number of PRU in the association period. 
Option 1 may result in a number of preambles within the association period are not mapped with any PRUs if Npreamble > NPRU, or a number of PRUs within the association period are not mapped with any preambles if Npreamble < NPRU. The preambles without associated PRUs can be used for msgA transmission for 2-step RACH, where only msgA PRACH is transmitted if these preambles are selected. The PRUs without associated preambles are not used for msgA transmission for 2-step RACH.
· Option 2: the valid preambles and valid PRUs in the association period are uniformly associated. 
For option 2, all valid preambles and all valid PRUs in the associated period are mapped. For example, in case of Npreamble ≥ NPRU, each PRU in the first  PRUs is mapped with   preambles; and each PRU in the remaining  PRUs is mapped with  preambles. 
[bookmark: _Ref24105375]Proposal 2: For the mapping of valid preambles and valid PRUs in an associated period, following options can be considered.
· Option 1: the mapping ratio is integer only and determined by . 
· The preambles without associated PRUs can be used for msgA transmission for 2-step RACH, where only msgA PRACH is transmitted if these preambles are selected. 
· The PRUs without associated preambles are not used for msgA transmission for 2-step RACH.
· Option 2: All the valid preambles and valid PRUs in the association period are uniformly associated. 

· Determination of mapping period
During the discussion in RAN1 #98bis meeting, following options to determine the mapping period between msgA PRACH and msgA PUSCH were proposed.
  The mapping is defined as between the msgA RACH occasions within the period A and the msgA PUSCH occasions in the period B.
o    Period A and B to be down-select from:
[bookmark: OLE_LINK5]   Alt 1: period A is as same as period B
   Alt 2: period B has the same duration as period A, while the starting point is shifted by the single offset in the msgA PUSCH configuration
o    Period A to be down selected from
   Alt 1: SSB-to-RO association pattern period
   Alt 2: interval from the start of N consecutive PRACH slots with at least one valid RO and the start of the next N consecutive PRACH slots with at least one valid RO
•            N is the number of physically consecutive PRACH slots (if any) based on the msgA PRACH configuration, otherwise N=1
   Alt 3: PRACH configuration period
o    In case of PO validation, to be down-selected from
   Alt 1: the mapping is before the PO validation
•            Alt 1.1: UE can transmit msgA PRACH without msgA PSUCH if the associated msgA PUSCH occasion is invalid
•            Alt 1.2: msgA PSUCH occasion is deferred to the next UL/flexible slot if it is invalid
   Alt 2: the mapping is after the PO validation
   Alt 3: The mapping is after the PO validation, with the number of MsgA PUSCH slots determined based on the preamble to PRU ratio.
In our view, the mapping is defined as between the msgA RACH occasions within the period A and the msgA PUSCH occasions in the period B, where period A is as same as period B. The period A is the SSB-to-RO association pattern period, within which the mapping ratio of preambles and PRUs is determined.
Regarding the interaction with tdd-UL-DL-ConfigurationCommon and SSB, both RO validation and PO validation are performed before the association of PRACH and PUSCH. Hence, the mapping ratio of preambles and PRUs can be only derived if the number of valid preambles and valid PRUs are determined.
If other criteria would be defined for PO validation, further validation for the POs associated with PRACH after mapping can be considered, which will be discussed in later section.
[bookmark: _Ref24105377]Proposal 3: The mapping is defined as between the msgA RACH occasions within the period A and the msgA PUSCH occasions in the period B, where period A is as same as period B. The period A is the SSB-to-RO association pattern period.

2.2. Configuration for PUSCH of msgA 
2.2.1. Number of DMRS sequences for msgA PUSCH 
In RAN1 #98 meeting, following agreements were made for the definition of PUSCH resource unit
· For the definition of PRU, support both DMRS ports and DMRS sequences at least for CP-OFDM
· More than 1 DMRS sequence can be configured, FFS the value
[bookmark: OLE_LINK27]PUSCH resource unit for 2-step RACH is defined as a PUSCH occasion and both of DMRS port and DMRS sequence used for an msgA payload transmission. The configuration of PUSCH resource unit should take into account the UE identification and possible collision. Considering the same time/frequency resource, non-orthogonal DMRS sequence for a DMRS port can reduce the collision probability. Depending on the load of cell and the amount of resources, either orthogonal DMRS or non-orthogonal DMRS for PUSCH resource unit can be configurable. 
In [2], performance of msgA PUSCH with multiple DMRS sequences are provided. We can observe that a configurable number of DMRS sequences for msgA PUSCH can be beneficial. 
[bookmark: _Ref21015740][bookmark: _Ref24105378]Proposal 4:  The number of DMRS sequences for msgA PUSCH configured by RRC can be 1, 2, 4, 8.

2.2.2. Numerology of PUSCH
According to WID, the PRACH of msgA and PUSCH of msgA for 2-step RACH are TDMed. Based on this definition, it our understanding that the time domain resources for PRACH and PUSCH are non-overlapped in time, and the PRACH transmission is followed by the PUSCH transmission for msgA. The time domain resources for PRACH and PUSCH can be consecutive or non-consecutive in time. 
In case of unlicensed band, where channel access is allowed until LBT is successful, PRACH transmission followed by a PUSCH transmission for msgA in consecutive time resources are beneficial. In such case, since there is no time gap between PRACH and PUSCH transmissions, UE only needs to perform LBT once for both PRACH and PUSCH transmission. In Rel-15, the PRACH and PUSCH transmitted in the same slot for a UE are not supported. However, it would increase the latency for RACH. Besides, in unlicensed spectrum, it may require additional LBT before transmitting msgA PUSCH after msgA PRACH transmission. Therefore, PRACH and PUSCH transmitted in the same slot needs to be supported for UE supporting 2-step RACH and it can be a UE capability.
According to the preamble formats defined in Rel.15, for some preamble formats, there is a GT (guard time) after the preamble sequence(s) in a PRACH. Typically, there is no signal transmission during the GT considering the coverage requirement. However, if the GT is greater than 16us, there may be an issue when in unlicensed band PRACH and PUSCH are transmitted using consecutive time domain resources, e.g. extra LBT would be needed between PRACH and PUSCH transmission. void introducing extra LBT before transmitting the PUSCH. Further study on how to handle this issue is needed.
In TDD case, there could be no available UL symbols within a UL period for both PRACH and PUSCH transmissions. Therefore, there could be a gap between the PRACH and PUSCH transmissions.
[bookmark: _Ref21015836]Proposal 5: Support PRACH and PUSCH in the same slot for msgA transmission.

In RAN1 #96bis meeting, following conclusions were made for determination of numerology of PUSCH for msgA. 
· [bookmark: OLE_LINK33]Support the PRACH and PUSCH for msgA transmission in different slots. In this case, the numerology for msgA PUSCH follow the numerology configured for the UL BWP for msgA transmission.
· FFS whether to support PRACH and PUSCH in the same slot for msgA transmission. If supported, down-select from the following option
· Opt 1: the numerology for msgA PUSCH follows that of msgA preamble
· Opt 2: gNB configure whether the numerology for msgA PUSCH follows that of msgA preamble or UL BWP 
· Opt 3: a UE is not expected to be configured with different numerology among PRACH preamble, msgA PUSCH and UL BWP for msgA transmission
· [bookmark: OLE_LINK32]Note: in Rel.15 the PRACH and PUSCH transmitted in the same slot for a UE are not supported
As discussed above, PRACH and PUSCH in the same slot for msgA transmission should be supported. In such case, from UE’s perspective, it is beneficial that PRACH and PUSCH for msgA have the same numerology. It is beneficial from reducing processing time for transmission of msgA including PRACH and PUSCH. Besides, when PRACH and PUSCH for msgA transmission are within the same slot, short preamble sequences will be used for PRACH, where 15/30/60 kHz SCS can be adopted. For PUSCH of msgA, the same numerology can be applied, i.e. the numerology for msgA PUSCH follows that of msgA preamble.
[bookmark: _Ref21015843]Proposal 6:  In case of PRACH and PUSCH for msgA transmission in the same slot, support option 1, i.e. the numerology for msgA PUSCH follows that of msgA preamble.

2.3. [bookmark: OLE_LINK4]MsgA PUSCH transmission
2.3.1. Validation rule for MsgA PUSCH occasion
In RAN1 #98bis meeting, following agreements were made regarding the validation rule for msgA PUSCH occasion.
· An msgA PUSCH occasion is considered as valid only if the following criteria are satisfied
· it does not overlap (in time and frequency) with any 4-step or 2-step RACH occasions, and
· FFS it does not span across the slot boundary, and
· in addition, if a UE is provided TDD-UL-DL-ConfigurationCommon, a 2-step PUSCH occasion is considered as valid if the following criteria are satisfied
· it is within UL symbols, or
· it does not precede a SS/PBCH block in the PUSCH slot and starts at least Ngap symbols after a last downlink symbol and at least Ngap symbols after a last SS/PBCH block transmission symbol
· FFS whether needs to be revisited
·  FFS other criteria (the gap between preamble and data for MsgA, etc.)
Regarding whether a msgA PUSCH occasion is allowed to span across the slot boundary or not, it should be gNB’s duty to guarantee a valid msgA PUSCH occasion is not across the slot boundary. It is similar as the case of higher layer configured PUSCH, in which the time resource of a PUSCH occasion is confined within a slot. Therefore, it is not necessary to define the validation criteria for msgA PUSCH occasion on the slot boundary.
[bookmark: _Ref24105381]Proposal 7: It is gNB implementation to ensure that msgA PUSCH occasion is not across the slot boundary.

Another remaining issue is that whether to define other criteria for msgA PUSCH validation. 
A possible criterion is needed for the validation of msgA PUSCH occasion after the association. To be more specific, a valid msgA PUSCH occasion should be N symbol after the associated PRACH occasion, where N can be further discussed. Considering the preambles and the PUSCH resource units are associated implicitly within the mapping period. There is possibility that a preamble of a PRACH occasion that is after a PUSCH occasion may be associated with the PUSCH resource unit of the PUSCH occasion. It should also be noted that this validation criterion is applicable after the association.
[bookmark: _Ref24105382]Proposal 8: A criteria is defined for validation of msgA PUSCH occasion after the association between msgA PRACH and PUSCH.
· An msgA PUSCH occasion is considered as valid if it is at least N symbol(s) after the associated PRACH occasion
· FFS the value of N.
If the criteria for validation of msgA PUSCH occasion after the association is defined, another question is how to determine the UE behavior of msgA transmission according to the validation of PRACH occasion and PUSCH occasion. Following options can be considered.
· Option 1: UE transmits msgA when the PRACH occasion and the associated PUSCH occasion for msgA are valid
· Option 2: UE transmits msg1 when the PRACH occasion is valid and the associated PUSCH occasion for msgA are invalid.
[bookmark: _Ref21015828]Proposal 9: If the criteria for validation of msgA PUSCH occasion after the association is defined, following UE behavior of msgA transmission can be considered.
· Option 1: UE transmits msgA when the PRACH occasion and the associated PUSCH occasion for msgA are valid
· Option 2: UE transmits msg1 when the PRACH occasion is valid and the associated PUSCH occasion for msgA are invalid.

2.3.2. DMRS sequence generation 
· DMRS for CP-OFDM
As agreed in RAN1 #98 meeting, multiple DMRS sequences can be configured for msgA PUSCH for CP-OFDM waveform. 
[bookmark: OLE_LINK34][bookmark: OLE_LINK35]For 2-step RACH, DMRS is transmitted together for channel estimation for PUSCH reception of msgA. When transform precoding is disabled, the DMRS parameters, e.g. DMRS port and DMRS scrambling ID, need to be obtained first before PUSCH transmission. One possible method is that DMRS parameter(s) are configured by SIB/MIB. The drawback is that UEs in the cell will share the same DMRS parameter(s) and there is limited flexibility. For 2-step RACH, UE needs to obtain the following DMRS scrambling ID for PUSCH transmission of msgA. 


Given that multiple 2-step RACH UEs may share a PUSCH occasion for msgA transmission, a distinguishable DMRS scrambling ID based on a prior information is preferred, which is beneficial for suppressing inter-UE interference. Similar solution as scrambling for PUSCH of msgA can be adopted. DMRS scrambling parameters for PUSCH of msgA is determined based on preamble index or the index of PUSCH occasion. 
[bookmark: _Ref21015858]Proposal 10: When transform precoding is disabled, DMRS scrambling parameters for PUSCH of msgA is determined based on preamble index or the index of PUSCH occasion.

· DMRS for DFT-s-OFDM
When transform precoding is enabled, UE needs to obtain the following DMRS parameters, e.g. DMRS sequence group number, for PUSCH transmission of msgA.


The sequence group [image: ],
The possible solutions are that DMRS sequence group parameters for PUSCH of msgA is determined based on preamble index, or the index of PUSCH occasion. 
To be more specific, for [image: ]determination of msgA PUSCH, [image: ] is determined based on preamble index or the index of PUSCH occasion.
For [image: ] and the sequence number , the determination of these parameters need to be independent on the timing of PUSCH transmission. An alternative is the neither group nor sequence hopping is enabled for msgA PUSCH transmission, i.e. fgh = 0 and v = 0.
[bookmark: _Ref21015867]Proposal 11: When transform precoding is enabled, DMRS sequence group number for PUSCH of msgA is determined based on preamble index or the index of PUSCH occasion.

2.3.3. TA for PUSCH of msgA
In legacy 4-step RACH, a UE transmits PRACH assuming TA is zero. There are CP and GT in PRACH to ensure the preamble detection at gNB side. Once gNB detects the preamble, gNB can estimate the TA for the UE transmitting preamble and provide the TA command in the RAR, i.e. msg2. UE will transmit msg3 PUSCH after UE obtains the RAR including TA from gNB. Unlike msg3 transmission, UE in 2-step RACH may has no TA information for msgA PUSCH transmission. Therefore, for msgA transmission of 2-step RACH, it is necessary to address the TA for PUSCH of msgA. There are following options for TA assumption. 
· Option 1: TA is always =0 for PRACH and PUSCH, regardless idle/inactive/connected state
· Option 2: TA = 0 for PRACH and PUSCH in idle/inactive states; TA = available TA for PRACH and PUSCH in connected state
· Option 3: TA = 0 for PRACH and PUSCH in idle/inactive states; TA = available TA for PUSCH in connected state and TA = 0 for PRACH.
In 4-step RACH, TA = 0 is assumed for msg1 PRACH transmission. It is straightforward that TA = 0 is used for PUSCH of msgA, since UE may not achieve synchronization, especially when UE starts 2-step RACH from RRC IDLE/INACTIVE states. While in RRC connected state, UE may already have a valid TA. Therefore, the valid TA can be used for PUSCH of msgA. However, if different TA is assumed for PRACH and PUSCH of msgA, there may be an issue when PRACH and PUSCH is close to each other in time. In such case, there may be overlapping between PRACH and PUSCH. To avoid the overlapping, a guard time between PRACH and PUSCH may be needed. However, it could lead to additional LBT when 2-step RACH is adopted in unlicensed band. Alternatively, in such case PRACH for msgA is not needed and only PUSCH of msgA is transmitted if there is valid TA.
[bookmark: _Ref21015877]Proposal 12:  For determination of TA for PUSCH of msgA, TA = 0 for PRACH and PUSCH in idle/inactive states; TA = available TA for PRACH and PUSCH in connected state. 

3. [bookmark: OLE_LINK16]Conclusion
In this contribution, we provide our views on the remaining issues on the channel structure of msgA for 2-step RACH. The proposals are summarized below.
Proposal 1: The mapping ratio between preamble and PRU is a single value per configuration, which is implicitly derived by the total numbers of valid preambles and valid PRUs in the SSB-to-RO association pattern period, i.e. Alt. 1 is supported.
Proposal 2: For the mapping of valid preambles and valid PRUs in an associated period, following options can be considered.
· Option 1: the mapping ratio is integer only and determined by . 
· The preambles without associated PRUs can be used for msgA transmission for 2-step RACH, where only msgA PRACH is transmitted if these preambles are selected. 
· The PRUs without associated preambles are not used for msgA transmission for 2-step RACH.
· Option 2: All the valid preambles and valid PRUs in the association period are uniformly associated. 
Proposal 3: The mapping is defined as between the msgA RACH occasions within the period A and the msgA PUSCH occasions in the period B, where period A is as same as period B. The period A is the SSB-to-RO association pattern period.
Proposal 4:  The number of DMRS sequences for msgA PUSCH configured by RRC can be 1, 2, 4, 8.
Proposal 5: Support PRACH and PUSCH in the same slot for msgA transmission.
Proposal 6:  In case of PRACH and PUSCH for msgA transmission in the same slot, support option 1, i.e. the numerology for msgA PUSCH follows that of msgA preamble.
Proposal 7: It is gNB implementation to ensure that msgA PUSCH occasion is not across the slot boundary.
Proposal 8: A criteria is defined for validation of msgA PUSCH occasion after the association between msgA PRACH and PUSCH.
· An msgA PUSCH occasion is considered as valid if it is at least N symbol(s) after the associated PRACH occasion
· FFS the value of N.
Proposal 9: If the criteria for validation of msgA PUSCH occasion after the association is defined, following UE behavior of msgA transmission can be considered.
· Option 1: UE transmits msgA when the PRACH occasion and the associated PUSCH occasion for msgA are valid
· Option 2: UE transmits msg1 when the PRACH occasion is valid and the associated PUSCH occasion for msgA are invalid.
Proposal 10: When transform precoding is disabled, DMRS scrambling parameters for PUSCH of msgA is determined based on preamble index or the index of PUSCH occasion.
Proposal 11: When transform precoding is enabled, DMRS sequence group number for PUSCH of msgA is determined based on preamble index or the index of PUSCH occasion.
Proposal 12:  For determination of TA for PUSCH of msgA, TA = 0 for PRACH and PUSCH in idle/inactive states; TA = available TA for PRACH and PUSCH in connected state.
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