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1. 	Introduction
In this contribution, we will discuss the remaining issues for message A (msgA) channel structure, based on the agreements and working assumptions in previous meetings [2-6]. The procedures related to two-step RACH and design details for message B (msgB) are discussed in a companion paper [7]. 

2. 	Discussion
2.1 	Use Cases for Two-Step RACH in NR Rel-16
Based on previous 3GPP studies for smartphone background traffic [9] and contention-based, non-orthogonal multiple access [10], TA-free and grant-free UL transmission are enabled by two-step RACH in NR Rel-16 [1]. The main benefits of two-step RACH are latency and signalling overhead reduction, as well as the improvement of UE’s power efficiency. 
The major use cases of two-step RACH in NR Rel-16 include at least the following:
· contention-based, grant-free and TA-free small UL packet transmission in all RRC states and all cell sizes supported in NR Rel-15
· smartphone background traffic such as “Keep Alive” message
· IM
· UP data
· Initial access from RRC IDLE state
· RRC connection re-establishment
· Transition from RRC INACTIVE state to RRC CONNECTED state

In addition to CBRA two-step RACH, CFRA two-step RACH is proposed in [1] to replace RACH-less handover to improve the resilience to UL timing uncertainty.


2.2 	Channel Structure for msgA
 The transmission block diagram for msgA is shown by Figure 1, wherein the modules requiring changes to support NR two-step RACH are highlighted.
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[bookmark: _Hlk21095824]Figure 1: Block Diagram for msgA Transmission
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Figure 2: General Channel Structure for msgA

A general channel structure for msgA is shown in Figure 2, which is applicable to both licensed spectrum (FR1 and FR2) and unlicensed spectrum (FR1). The preamble and payload of msgA are TDMed, which are transmitted on pre-configured preamble occasion (RO) and PUSCH occasion (PO). 
· Guard Time after msgA PRACH ()
To mitigate the inter-UE interference for asynchronized transmission of msgA preamble, a guard time  is inserted after the PRACH signal. The time duration of  for long and short PRACH preambles are given by “GT” in Table 1 and Table 2, respectively.
· Guard Period after msgA PUSCH ()
[bookmark: _Hlk24057476]To mitigate the inter-UE interference for asynchronized transmission of msgA payload, a guard period  is inserted after the PUSCH signal.  spans an integer number of OFDM symbols (in SCS of msgA PUSCH) and its time duration is lower bounded by GT, i.e. .
· Transmission Gap between msgA Preamble and msgA Payload ()
Between msgA preamble and msgA payload, a transmission gap (TxG) with time duration  is needed to facilitate the following processing of UE (one or multiple steps):

· SCS switching
· IFFT size switching
· TxFE deactivation/activation
· TxAGC transition
As a result, a minimum gap of N OFDM symbols (excluding guard time ) is needed between msgA preamble and msgA payload in the same transmission instance, where N is given by Table 3. As a result,  is lower bounded by N symbols (in SCS of msgA PUSCH). 
In RAN1#98B, it was agreed to at least support separate LBTs for msgA PRACH and PUSCH respectively, when two-step RACH is performed for NR-U. A discussion on  configuration for NR-U can be found in [8].

Table 1:  Parameters of Long PRACH Preambles Specified in NR Rel-15 
[image: ]
	
Table 2:  Parameters of Short PRACH Preambles Specified in NR Rel-15, where  
[image: ]

Table 3: Minimum Transmission Gap Between msgA Preamble and Payload (TDD and FDD)
	Preamble Format 
	

	 [symbols]

	Any
	0, 1
	2

	Any
	2, 3
	4



Therefore, we have the following proposals for the transmission gap between msgA preamble and payload:
Proposal 1:  In NR Rel-16, a minimum transmission gap of  OFDM symbols (excluding guard period of NR Rel-15 PRACH) is needed between msgA preamble and msgA payload in the same transmission instance. Specifically,
•     for μ=0 or μ=1
•     for μ=2 or μ=3
where μ is the SCS configuration of msgA PUSCH in the initial/active UL BWP.  
Proposal 2:  FFS the feasibility of applying zero guard time and zero transmission gap in NR Rel-16.

2.3	msgA Preamble Transmission 
2.3.1		RO Validation/Invalidation for msgA Preamble
In NR Rel-15, RO validation is based on msg1 of four-step RACH only, without considering the joint transmission of PRACH and PUSCH as in two-step RACH. Therefore, RO validation is not needed in FDD mode for NR Rel-15. In TDD mode, if a UE is not provided tdd-UL-DL-ConfigurationCommon, a RO in a PRACH slot is valid if it does not precede a SSB in the PRACH slot and starts at least  symbols after a last SSB reception symbol, where  is provided in Table 4. On the other hand, if a UE is provided tdd-UL-DL-ConfigurationCommon, a RO in a PRACH slot is valid if it is within UL symbols or it does not precede a SSB in the PRACH slot and starts at least  symbols after a last SSB reception symbol.
         Table 4: Minimum Gap between PRACH Occasion and Last SSB Reception Symbol (TDD)
	Preamble Format
	Preamble SCS 
	 

	0, 1, 2, 3
	1.25 kHz or 5 kHz
	0

	A1, A2, A3, B1,B2, B3, C0, C2
	15 kHz or 30 kHz or 60 kHz or 120 kHz
	2

	B4
	15 kHz or 30 kHz or 60 kHz or 120 kHz
	0



With the introduction of two-step RACH, RO validation potentially becomes more complicated for UE because:
· when separate ROs are configured for different RACH type, the ROs dedicated to two-step RACH are likely to overlap with the ROs dedicated to four-step RACH, if the network configuration is inappropriate;
· both RO validation and PO validation need to be done by UE periodically;
· 160 ms can be used as a common periodicity for RO and PO validation, which ensures the SSB-RO association pattern repeats in every validation period.
In order to reduce the processing latency for RO validation, network should avoid the inappropriate RO configuration, and a common validation periodicity for RO and PO needs to be specified. Therefore, we have the following proposal for msgA RO validation/invalidation in NR Rel-16:  
Proposal 3: For unpaired spectrum, UE performs msgA RO validation/invalidation for two-step RACH periodically every 160ms, by re-using the validation/invalidation rules specified in TS 38.213-8.1 for four-step ROs. Moreover,
· the 160ms validation periodicity for msgA RO should be aligned with the SSB-RO association patterns to guarantee the association pattern repeats for all msgA RO configuration periods within a RO validation period;
· the overlapping of ROs dedicated to two-step RACH and four-step RACH should be avoided by network configuration, and is not expected by UE. 

2.3.2		Numerology for msgA Preamble Transmission
To support the flexibility of two-step RACH, the combinations of SCS for PRACH and PUSCH supported in NR Rel-15 should also be supported in msgA preamble and payload transmission, as shown in Table 5. 
                   Table 5: Combinations of SCS Supported for msgA Transmission
	

	SCS for msgA Preamble
	SCS for msgA Payload
	
, allocation expressed in number of RBs for PUSCH

	839
	1.25
	15
	6

	839
	1.25
	30
	3

	839
	1.25
	60
	2

	839
	5
	15
	24

	839
	5
	30
	12

	839
	5
	60
	6

	139
	15
	15
	12

	139
	15
	30
	6

	139
	15
	60
	3

	139
	30
	15
	24

	139
	30
	30
	12

	139
	30
	60
	6

	139
	60
	60
	12

	139
	60
	120
	6

	139
	120
	60
	24

	139
	120
	120
	12


   
Proposal 4:  SCS combinations specified in NR Rel-15 for PRACH and PUSCH should be supported in msgA preamble and payload transmission. 

2.4	msgA Payload Transmission 
2.4.1	PO Validation/Invalidation for msgA Payload
It was agreed in RAN1#98B that a msgA PO is considered as valid only if the following criteria are satisfied:
· it does not overlap (in time and frequency) with any four-step or two-step ROs, and
· FFS it does not span across the slot boundary, and
· if a UE is provided TDD-UL-DL-ConfigurationCommon, a two-step PO 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.)

Based on the discussions for msgA channel structure (Section 2.2) and msgA RO validation/invalidation rules (Section 2.3.1), we can see  in Table 3 (the minimum TxG between msgA preamble and payload) is different from  in Table 4 (the minimum TxG between msgA preamble and the last SSB reception symbol). In addition, the overlapping of msgA POs with ROs of four-step or two-step RACH should be avoided by network as an inappropriate configuration. Therefore, we have the following proposals for msgA PO validation/invalidation in NR Rel-16:
Proposal 5: For paired and unpaired spectrum, UE performs msgA PO validation/invalidation for two-step RACH periodically every 160ms:
· the 160ms validation periodicity for msgA PO should be aligned with the SSB-RO association patterns to guarantee the association pattern repeats for all msgA PO configuration periods within a PO validation period;
· the overlapping of msgA POs with msgA/msg1 ROs should be avoided by network configuration, and is not expected by UE;
· a msgA PO is considered invalid if the transmission gap w.r.t. any valid and preceding RO of two-step RACH is smaller than  OFDM symbols (excluding guard time of NR Rel-15 PRACH), where   for μ=0 or μ=1,  for μ=2 or μ=3, and μ is the SCS configuration of msgA PUSCH in the initial/active UL BWP;
· for unpaired spectrum, when a UE is provided TDD-UL-DL-ConfigurationCommon, a PO is considered as invalid if:
·  it is not fully aligned with UL symbols 
or
· it precedes a SSB in the PUSCH slot
or
· its gap to the last SSB reception symbol is less than  OFDM symbols, where  is specified in TS 38.213-8.1.

2.4.2	MCS/TBS Configuration and Indication
In RAN1#98B, it was agreed that two different msgA PUSCH configurations can be supported for each RRC state per BWP, wherein the configuration parameters for msgA PUSCH include at least MCS/TBS, number of PRBs per PO, PUSCH mapping type (A/B) and etc. 
In order to improve the resource utilization efficiency of CBRA two-step RACH, UEs in the same RRC state should be allowed to share the same RO and/or PO, as shown in Figure 3.  On the other hand, different TBS should be supported for msgA PUSCH, to accommodate different link budgets and use cases including the TA-free and grant-free transmission for CCCH message, MAC CE, UP data  and etc. To reduce the decoding complexity of BS, UE can indicate its msgA configuration at least by preamble partitioning. 
Therefore, we have the following proposals:
Proposal 6: Support multiple TBS configurations for msgA PUSCH in each RRS state:
· for a NR Rel-16 UE in RRC IDLE or INACTIVE state, two different TBS for msgA PUSCH can be configured by network in SI and applied to the  initial UL BWP;
· for a NR Rel-16 UE in RRC CONNECTED state, another two different TBS for msgA PUSCH can be configured by network in RRC signalling and applied to the active UL BWP;
· upon receiving the TBS configurations from gNB, UE selects the TBS for msgA PUSCH based at least on Layer 1 RSRP measurements, contents of msgA’s data buffer, and threshold ra-msgASizeGroupA.
Proposal 7: The same time and frequency grid can be shared by msgA PUSCH configurations with different TBS.
Proposal 8: The same RO can be shared by UEs with different msgA PUSCH configurations. The indication of msgA PUSCH configuration can be based at least on preamble grouping.

[image: ]
Figure 3: Resource Mapping for msgA PUSCH with Different Configurations
2.4.3	DMRS Resource Configuration
In NR Rel-15, the DMRS scrambling ID generation depends on the waveform of PUSCH. In RAN1#96, it has been agreed that both DFT-s-OFDM and CP-OFDM waveform are supported for msgA payload. In RAN1#98B, it has been agreed that msgA PUSCH waveform can be configured separately from msg3 waveform by invoking a new RRC parameter “msgA-transformPrecoder.” 
In order to reduce the collision probability of CBRA two-step RACH, the scrambling ID  for DMRS sequences should be extended for both DFT-s-OFDM and CP-OFDM waveform. Since DMRS is transmitted together with msgA PUSCH, the scrambling ID for msgA PUSCH can be reused for DMRS sequence scrambling. 
Therefore, we have the following proposals for DMRS resource configuration for msgA PUSCH:
Proposal  9: To reduce the DMRS collision probability for CBRA two-step RACH, scrambling ID extension for DMRS sequences should be supported for PUSCH waveform with or without transform precoding.
Proposal 10: The 31-bit msgA PUSCH scrambling ID can be re-used for DMRS sequence scrambling. Specifically, when transform precoding for msgA PUSCH is disabled, the following options for DMRS scrambling ID () can be supported for two-step RACH in NR Rel-16:
· Option 1


· Option 2



where  is the OFDM symbol number within the slot,  is the slot number within a frame, and    denotes the operation of truncating the inner quantity to K MSB/LSB.          
when transform precoding for msgA PUSCH is enabled, group hopping can be enabled and sequence hopping can be disabled by configuring  and , where
 [image: ]
and the following design options can be supported for :
· Option 1:  

· Option 2: 
where    denotes the operation of truncating the inner quantity to K MSB/LSB.          

2.3.4	 Design Considerations for NR-U
Some further considerations for NR-U specific channel structure can be found in a companion paper [8].

3.	Conclusions
In this contribution, design details for msgA structure have been discussed. We have the following observations and proposals:
Proposal 1:  In NR Rel-16, a minimum transmission gap of  OFDM symbols (excluding guard period of NR Rel-15 PRACH) is needed between msgA preamble and msgA payload in the same transmission instance. Specifically,
•     for μ=0 or μ=1
•     for μ=2 or μ=3
where μ is the SCS configuration of msgA PUSCH in the initial/active UL BWP.  
Proposal 2:  FFS the feasibility of applying zero guard time and zero transmission gap in NR Rel-16.
Proposal 3: For unpaired spectrum, UE performs msgA RO validation/invalidation for two-step RACH periodically every 160ms, by re-using the validation/invalidation rules specified in TS 38.213-8.1 for four-step ROs. Moreover,
· the 160ms validation periodicity for msgA RO should be aligned with the SSB-RO association patterns to guarantee the association pattern repeats for all msgA RO configuration periods within a RO validation period;
· the overlapping of ROs dedicated to two-step RACH and four-step RACH should be avoided by network configuration, and is not expected by UE. 
Proposal 4:  SCS combinations specified in NR Rel-15 for PRACH and PUSCH should be supported in msgA preamble and payload transmission. 
Proposal 5: For paired and unpaired spectrum, UE performs msgA PO validation/invalidation for two-step RACH periodically every 160ms:
· the 160ms validation periodicity for msgA PO should be aligned with the SSB-RO association patterns to guarantee the association pattern repeats for all msgA PO configuration periods within a msgA PO validation period;
· the overlapping of msgA POs with msgA/msg1 ROs should be avoided by network configuration, and is not expected by UE;
· a PO is considered invalid if the transmission gap w.r.t. any valid and preceding RO of two-step RACH is smaller than  OFDM symbols (excluding guard time of NR Rel-15 PRACH), where   for μ=0 or μ=1,  for μ=2 or μ=3, and μ is the SCS configuration of msgA PUSCH in the initial/active UL BWP;
· for unpaired spectrum, when a UE is provided TDD-UL-DL-ConfigurationCommon, a msgA PO is considered as invalid if:
·  it is not fully aligned with UL symbols 
or
· it precedes a SSB in the PUSCH slot
or
· its gap to the last SSB reception symbol is less than  OFDM symbols, where  is specified in TS 38.213-8.1.
Proposal 6: Support multiple TBS configurations for msgA PUSCH in each RRS state:
· for a NR Rel-16 UE in RRC IDLE or INACTIVE state, two different TBS for msgA PUSCH can be configured by network in SI and applied to the  initial UL BWP;
· for a NR Rel-16 UE in RRC CONNECTED state, another two different TBS for msgA PUSCH can be configured by network in RRC signalling and applied to the active UL BWP;
· upon receiving the TBS configurations from gNB, UE selects the TBS for msgA PUSCH based at least on Layer 1 RSRP measurements, contents of msgA’s data buffer, and threshold ra-msgASizeGroupA.
Proposal 7: The same time and frequency grid can be shared by msgA PUSCH configurations with different TBS.
[bookmark: _GoBack]Proposal 8: The same RO can be shared by UEs with different msgA PUSCH configurations. The indication of msgA PUSCH configuration can be based at least on preamble grouping.
Proposal  9: To reduce the DMRS collision probability for CBRA two-step RACH, scrambling ID extension for DMRS sequences should be supported for PUSCH waveform with or without transform precoding.
Proposal 10: The 31-bit msgA PUSCH scrambling ID can be re-used for DMRS sequence scrambling. Specifically, when transform precoding for msgA PUSCH is disabled, the following options for DMRS scrambling ID () can be supported for two-step RACH in NR Rel-16:
· Option 1


· Option 2



where  is the OFDM symbol number within the slot,  is the slot number within a frame, and    denotes the operation of truncating the inner quantity to K MSB/LSB.          
when transform precoding for msgA PUSCH is enabled, group hopping can be enabled and sequence hopping can be disabled by configuring  and , where
 [image: ]
and the following design options can be supported for :
· Option 1:  

· Option 2: 
where    denotes the operation of truncating the inner quantity to K MSB/LSB.          
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