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1. 	Introduction
At RAN #85 meeting, the scope and objectives of two-step RACH WI were updated for NR Rel-16. Specifically, all triggers for NR Rel-15 four-step RACH are applicable to two-step RACH, and CFRA is supported in two-step RACH for handover case only without RAN1 impacts [1].
In this contribution, we will discuss the remaining issues for message A (msgA) channel structure, based on the agreements and working assumptions in [2-5]. The procedures related to two-step RACH and design details for message B (msgB) are discussed in a companion paper [6].


2. 	Discussion
2.1 	Channel Structure for msgA
A general channel structure for msgA is shown in Figure 1, 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 occasions (RO) and PUSCH occasions (PO). Each PRU group comprises multiple PRUs, which share the same PO in time/frequency but are configured with different DMRS resources. To improve the resource utilization efficiency of two-step RACH, PRU group of different resource size can partially overlap in time or frequency, as shown by Figure 2. The bandwidth used by msgA preamble and msgA payload can be same or different. The total bandwidth of msgA occasions can be given by [RBmsgA,start, RBmsgA, end], as shown by Figure 2. For UE in RRC IDLE or INACTIVE state, the bandwidth of its msgA RO and PO should be upper bounded by the initial UL BWP. For UE in RRC CONNECTED state, the bandwidth of its msgA RO and PO should be upper bounded by the active UL BWP. 
A transmission block diagram for msgA is shown in Figure 3, wherein the modules requiring changes to support two-step RACH are highlighted.
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Figure 1: General Channel Structure for msgA
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Figure 2: Time and Frequency Resource Mapping for msgA Preamble and Payload
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Figure 3:  Block Diagram for msgA Transmission

Therefore, we have the following proposals:
[bookmark: _Hlk21095824]Proposal 1: The bandwidth used for msgA preamble and payload transmission can be same or different. The total bandwidth configured for msgA preamble or PUSCH occasions is upper bounded by the initial UL BWP (RRC IDLE or INACTIVE) or active UL BWP (RRC CONNECTED).
Proposal 2: msgA PUSCH occasions of different resource size should be supported within an SSB-to-RO association period. The configuration periodicity for msgA RO and PO can be same or different. Partial overlapping of msgA PUSCH occasions can be supported.

2.2	msgA Preamble Transmission 
2.2.1		msgA Preamble Occasion and Format Configuration
[bookmark: _Hlk16721310]Configurations for msgA preamble format and time occasions can re-use “PRACH Configuration Index” in NR Rel-15 (Table 6.3.3.2-2, 6.3.3.2-3 and 6.3.3.2-4, TS 38.211). 
Two-step RACH and four-step RACH can use separate ROs, or share the same RO but configured with mutually exclusive preamble sequences. New ROs can be configured for two-step RACH in time and frequency, and the configuration information can be indicated in SI or signalled by RRC. On ROs separately configured for two-step RACH, the preamble format and the association pattern between SSB and preamble resources (RO and sequences) can be separately configured for msgA preamble. Moreover, UEs in different RRC states can share the same RO and the same pool of preamble sequences.

2.2.2		Minimum Gap Before msgA Preamble Transmission
[bookmark: _Hlk21041996]In TDD, if PRACH transmission starts after SSB or any other DL transmission, a transmission gap of  symbols is needed after the last DL symbol, as shown by Table 1.
On the other hand,  symbols are needed to prepare for msgA payload, as shown by Table 2 and Table 3 for different UE processing capabilities. 
Therefore, the minimum gap between the last DL symbol and the first symbol of msgA preamble transmission is  , wherein   and  denote the time duration of  and  symbols, and the numerology  is the SCS configuration for the active UL BWP, and  represents the gap between msgA preamble and payload, which is discussed in 2.2.3.

         Table 1: Minimum Gap between PRACH Occasion and Last SSB/DL 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
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2.2.3		Configurable Gap between msgA Preamble and msgA Payload
After msgA preamble transmission, another time gap  () needs to be inserted before payload transmission, if there is a change in the transmission parameters for msgA payload such as SCS. The value of  is shown in Table 4.
Table 4: Minimum Gap Between msgA Preamble and Payload Due to SCS Change
	Preamble Format 
	Preamble SCS 
	

	 [symbols]

	Any
	if different from 
	0, 1
	2

	Any
	if different from 
	2, 3
	4



A discussion for  configuration in NR-U can be found in [7].

2.2.4		Numerology for msgA Preamble Transmission
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




To summarize, we have the following observation and proposals for msgA preamble transmission: 
Observation 1:  The following rules can be supported for RO validation in two-step RACH:
· RO validation in two-step RACH needs to be jointly considered with PO validation. 
· A valid RO for two-step RACH should consider at least the minimum gap before msgA preamble transmission, the criterion for two-step RACH type selection and the compatibility with slot format. 
· For ROs separately configured for two-step RACH:
· partial or full overlapping with ROs configured for four-step RACH is invalid;
· partial or full overlapping with POs configured for two-step RACH is invalid;
· such invalid RO configuration can be avoided by network, and is not expected by UE.
Proposal 3:  SCS combinations specified in NR Rel-15 for PRACH and PUSCH should be supported in msgA preamble and payload transmission. 
Proposal 4:  Two-step RACH UEs in different RRC states can share the same RO and the same pool of preamble sequences.


2.3	msgA Payload Transmission 

[image: ]
Figure 4: Mitigate Multi-User Interference by Frequency Hopping and Slot Repetition

2.3.1		Bit Level Scrambling for msgA PUSCH
A general formula for scrambling ID generation of msgA PUSCH can be given by
,
or
 ,

which includes  a cell ID () , a RA-RNTI and a preamble sequence index (). The inclusion of cell ID is necessary to mitigate the inter-cell interference.
Proposal 5:  The scrambling ID for msgA PUSCH can be generated by a weighted linear combination of RA-RNTI, preamble sequence index and cell ID. The following options can be considered:
· Option 1:  
· Option 2:   

2.3.2	PUSCH Occasion Configuration
To improve the reliability and reduce the latency of grant free (ULCG) transmission, frequency hopping and slot repetition are supported in NR Rel-15. Same to ULCG, frequency hopping and slot repetition are beneficial for contention-based transmission of msgA in two-step RACH.
To improve the resource utilization efficiency of two-step RACH, msgA PO of different resource size can partially overlap in time or frequency, and UEs in different RRC states can share the same POs. When a UE selects frequency hopping or slot repetition, its payload will be mapped to multiple PRUs, which provides diversity gain against multi-user interference, as shown in in Figure 4. Therefore, frequency hopping and slot repetition should be supported in two-step RACH, and one-to-many mapping between preamble and PRU should be considered as a working assumption.
Therefore, we have the following observation and proposals:
Observation 2:  The following rules can be supported for PO validation in two-step RACH:
· PO validation in two-step RACH needs to be jointly considered with RO validation;
· A valid PO for two-step RACH should consider at least the minimum gap before msgA payload transmission, the criterion for two-step RACH type selection and the compatibility with slot format;
· For POs configured for two-step RACH:
· partial or full overlapping with ROs configured for two-step/four-step RACH is invalid;
· partial or full overlapping with UL channels/signals not used for PO is invalid;
· such invalid PO configuration can be avoided by network, and is not expected by UE.
Proposal 6:  Two-step RACH UEs in different RRC states can share the same PUSCH occasion (PO). POs of different resource size can partially overlap in time and frequency.
Proposal 7:  Inter-slot frequency hopping and slot repetition should be supported in msgA transmission of two-step RACH. The patterns of frequency hopping and slot repetition can be configured by network.
Proposal 8: One-to-many mapping between preamble and PRU should be considered as a working assumption for two-step RACH.
Proposal  9:  A finite set of PO resource size (e.g. {3, 6, 12} PRBs, PUSCH mapping A and B) can be specified for two-step RACH.
Proposal 10:  Guard time and PRB-level guard band can be included as RRC parameters for msgA PUSCH.

2.3.3	MCS/TBS/Priority Indication
For NR Rel-16, it was agreed that at least up to two msgA PUSCH configurations should be supported for each RRC state, wherein the configuration parameters for msgA PUSCH include at least MCS/TBS, number of PRBs per PO, PUSCH mapping type (A/B), number of slots containing one or multiple POs, frequency starting point w.r.t. the first PRB of the active UL BWP and etc. 
In order to improve the resource utilization efficiency of CBRA two-step RACH, UEs in different RRC states should be allowed to share the same RO or PO.  On the other hand, multiple TBS and MCS should be supported, to accommodate different contents of msgA payload (CCCH, MAC CE, UP data etc.) and different link budgets (cell centre vs cell edge). BS can assist UE’s adaptive transmission of msgA, by signalling the criteria for PUSCH occasion configuration (e.g. TBS/MCS/BW/Slot) in SI or RRC.  On the other hand, when msgA POs overlap or partially overlap in time/frequency, gNB cannot easily or reliably detect the PUSCH configurations in use. 
To support flexible reuse of radio resources and reduce the complexity of BS, UE can indicate its msgA configuration (e.g. MCS/TBS, resource size, frequency hopping, slot repetition) by preamble partitioning. In addition, the configuration of msgA PUSCH can also be indicated by UCI of fixed size (e.g. 1 or 2 bits), which is multiplexed on msgA PUSCH as shown by Figure 3, by re-using the UCI multiplexing mechanism specified in NR Rel-15.
When CBRA is applied to handover or beam failure recovery, RA prioritization can be supported to reduce the latency of two-step RACH. To enable short turn-around time of msgB, 1-bit priority indication can also be carried by UCI piggyback.
Therefore, we have the following proposal:
Proposal 11:  Network can signal multiple options of msgA PUSCH configuration as well the criteria to assist UE’s selection of an appropriate configuration in SI/RRC. UE can indicate its msgA PUSCH configuration (MCS/TBS, resource size of PO, priority, etc.) by using different preamble groups, RO partitioning and UCI piggyback.


2.3.4	DMRS Resource Configuration
Same to msgA PUSCH, the scrambling ID generation formulas for DMRS sequences in NR Rel-15 can be extended, by incorporating the index of msgA preamble sequence, the RA-RNTI, the slot/symbol index and the cell ID. For example,
· When transform precoding for PUSCH is not enabled, the pseudo-random sequence generator for DMRS sequence can be generated by:
   
where  denotes the index of OFDM symbol,  is the slot number within a frame,  and  is the scrambling ID used for msgA PUSCH.
· When transform precoding for PUSCH is enabled, multiple groups of base sequences can be configured for one cell, and the group indexes can be generated as a function of time-dependent hopping pattern  , cell ID, RA-RNTI and preamble sequence ID. For example,
,
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To summarize, we have the following proposal:
Proposal 12: To reduce the DMRS collision probability for CBRA, the pool size increase for DMRS resources by extending the scrambling ID sets should be supported, for PUSCH waveform with or without transform precoding. The scrambling ID generation for DMRS sequences can be made as a function of RA-RNTI, preamble sequence index, cell ID and slot/symbol index.
2.3.5	 Design Considerations for NR-U
Some further considerations for NR-U specific channel structure can be found in a companion paper [7].

3.	Conclusions
In this contribution, design details for msgA structure have been discussed. We have the following observations and proposals:
Observation 1:  The following rules can be supported for RO validation in two-step RACH:
· RO validation in two-step RACH needs to be jointly considered with PO validation. 
· A valid RO for two-step RACH should consider at least the minimum gap before msgA preamble transmission, the criterion for two-step RACH type selection and the compatibility with slot format. 
· For ROs separately configured for two-step RACH:
· partial or full overlapping with ROs configured for four-step RACH is invalid;
· partial or full overlapping with POs configured for two-step RACH is invalid;
· such invalid RO configuration can be avoided by network, and is not expected by UE.
Observation 2:  The following rules can be supported for PO validation in two-step RACH:
· PO validation in two-step RACH needs to be jointly considered with RO validation;
· A valid PO for two-step RACH should consider at least the minimum gap before msgA payload transmission, the criterion for two-step RACH type selection and the compatibility with slot format;
· For POs configured for two-step RACH:
· partial or full overlapping with ROs configured for two-step/four-step RACH is invalid;
· partial or full overlapping with UL channels/signals not used for PO is invalid;
· such invalid PO configuration can be avoided by network, and is not expected by UE.
Proposal 1: The bandwidth used for msgA preamble and payload transmission can be same or different. The total bandwidth configured for msgA preamble or PUSCH occasions is upper bounded by the initial UL BWP (RRC IDLE or INACTIVE) or active UL BWP (RRC CONNECTED).
Proposal 2: msgA PUSCH occasions of different resource size should be supported within an SSB-to-RO association period. The configuration periodicity for msgA RO and PO can be same or different. Partial overlapping of msgA PUSCH occasions can be supported.
Proposal 3:  SCS combinations specified in NR Rel-15 for PRACH and PUSCH should be supported in msgA preamble and payload transmission. 
Proposal 4:  Two-step RACH UEs in different RRC states can share the same RO and the same pool of preamble sequences.
Proposal 5:  The scrambling ID for msgA PUSCH can be generated by a weighted linear combination of RA-RNTI, preamble sequence index and cell ID. The following options can be considered:
· Option 1:  
· Option 2:   
Proposal 6:  Two-step RACH UEs in different RRC states can share the same PUSCH occasion (PO). POs of different resource size can partially overlap in time and frequency.
Proposal 7:  Inter-slot frequency hopping and slot repetition should be supported in msgA transmission of two-step RACH. The patterns of frequency hopping and slot repetition can be configured by network.
Proposal 8: One-to-many mapping between preamble and PRU should be considered as a working assumption for two-step RACH.
Proposal  9:  A finite set of PO resource size (e.g. {3, 6, 12} PRBs, PUSCH mapping A and B) can be specified for two-step RACH.
Proposal 10:  Guard time and PRB-level guard band can be included as RRC parameters for msgA PUSCH.
Proposal 11:  Network can signal multiple options of msgA PUSCH configuration as well the criteria to assist UE’s selection of an appropriate configuration in SI/RRC. UE can indicate its msgA PUSCH configuration (MCS/TBS, resource size of PO, priority, etc.) by using different preamble groups, RO partitioning and UCI piggyback.
Proposal 12: To reduce the DMRS collision probability for CBRA, the pool size increase for DMRS resources by extending the scrambling ID sets should be supported, for PUSCH waveform with or without transform precoding. The scrambling ID generation for DMRS sequences can be made as a function of RA-RNTI, preamble sequence index, cell ID and slot/symbol index.
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