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Introduction
[bookmark: OLE_LINK2][bookmark: OLE_LINK3]In the last plenary meeting, a new work item to specify 2-step RACH for NR has been approved. The scope of this item is described as follows:
· 2-step RACH shall be able operate regardless of whether the UE has valid TA or not.
· 2-step RACH is applicable to any cell size supported in Rel-15 NR;
· 2-step RACH is applied for RRC_INACTIVE , RRC_CONNECTED and RRC_IDLE state
· Specify contention-based 2-step RACH procedure (RAN2)
· Channel structure of msgA is Preamble and PUSCH carrying payload (RAN1)
· Only reuse the Rel-15 NR PRACH Preambles design. 
· Only reuse the Rel-15 NR PUSCH including Rel-15 DMRS for transmission of payload of msgA)
· No new CP length and no sub-PRB guard subcarrier(s)
Note 1: The above sub-bullet is to ensure that signal structure optimizations for any specific cell size (e.g. cells with RTT larger than Rel-15 PUSCH CP duration) are not pursued.
· Specify the mapping between the PRACH preamble and the time-frequency resource of PUSCH in msgA+ DMRS
· PRACH Preamble and PUSCH in a msgA is TDMed
· Specify the supported MCS(s) and time-frequency resource size(s) of PUSCH in msgA
· Consider the msgA payload contents determined by RAN2
· Specify power control of PUSCH of msgA
· Specify msgA’s content: to include the equivalent contents of msg3 of 4-step RACH (RAN2/RAN1)
· Inclusion of UCI in msgA is not precluded
· Specify msgB’s content: to include the equivalent contents of msg2 and msg4 of 4-step RACH (RAN1/RAN2)
· Contention resolution for 2-step RACH (RAN2)
· Design of RNTI for msgB of 2-step RACH (RAN2)
· Specify the fall back procedure from 2-step RACH to 4-step RACH (RAN2/RAN1)
· All triggers for Rel-15 NR 4-step RACH are applied for 2-step RACH except for SI Request and BFR which are up to RAN2 discussion
· No new triggers for 2 step RACH
 
In this contribution, we will present our considerations on the resource pool design for PUSCH in MsgA. Observations and proposals are put forward based on the discussions.
[bookmark: OLE_LINK1]Resource Pool Design for PUSCH in MsgA 
Requirements
In 2-step RACH, the PUSCH in MsgA is transmitted in a grant-free or pre-configured way, which means that the resource configuration for PUSCH in MsgA shall be informed to UE in advance. In our consideration, the resource configuration will be designed as a pool, where a number of configurations will be contained and the UE will choose one type of configurations in the pool according to its requirements and measurements. One type of resource configurations can contain a number of attributes, like time-frequency resource, DMRS type and port number, MCS, and frequency hopping parameter, to enable the UE to generate MsgA+DMRS in the PUSCH. The procedure to configure the resources for the PUSCH in MsgA is similar to the configurations of preambles, where the configuration information can be included in the RACH-ConfigCommon IE and sent through system information in the PBCH.    
In the resource pool design, it shall consider the content size requirements of MsgA under different PRACH triggers, which are summarized in Table1. The TBsize based on the selected PUSCH resource shall be no less than the required content size. 
Table1. Potential content size of MsgA under different PRACH triggers[2]
	Trigger
	RRC message
	C-RNTI MAC CE
	BSR MAC CE
	MAC PDU size（Bytes）

	Initial access from RRC_IDLE
	RRCSetupRequest
	N/A
	N/A
	7

	RRC Connection Re-establishment procedure
	RRCReestablishmentRequest
	N/A
	N/A
	7

	Handover
	RRCReconfigurationComplete
	Included (for contention-based Random Access)
N/A (for contention-free Random Access)
	Optional
	7

	DL or UL data arrival during RRC_CONNECTED when UL synchronisation status is "non-synchronised"
	N/A
	Included
	Included (for UL data arrival)
	5-13 or
6-14

	Transition from RRC_INACTIVE
	RRCResumeRequest or RRCResumeRequest1
	N/A
	N/A
	7 or9

	To establish time alignment at SCell addition
	N/A
	N/A
	N/A
	

	Request for Other SI
	RRCSystemInfoRequest (for contention-based Random Access)
N/A (for contention-free Random Access)
	N/A
	N/A
	7

	Beam failure recovery
	N/A
	Included (for contention-based Random Access)
N/A (for contention-free Random Access)
	N/A
	3


Moreover, in the PUSCH resource selection, it will allow different UEs to select the same time-frequency resource and use different DMRS port and preamble to detect different UEs’ MsgAs. Therefore, the maximum number of UEs allowed on the same time-frequency resource become a concern in the resource pool design. And in different application scenarios, the number of UEs simultaneously get triggered to start the PRACH process might be different.
Observation1: In the resource pool design for PUSCH in MsgA, the potential content size of MsgA under different PRACH triggers and the maximum number of UEs allowed on the same time-frequency resource need to be considered. 
Options
Based on the above discussions, the resource pool type of PUSCH in MsgA+DMRS can have the following options as shown in Fig.1. 


Fig.1. Options for resource pool type of PUSCH in MsgA
Option1: Only one resource pool is supported, in which UEs use the same time-frequency to carry PUSCH in MsgA and different DMRS ports and preambles are selected by UEs to enable multi-user detection. In order to fulfil the requirements of content size of MsgA under different PRACH triggers, the TBsize with the resource pool configuration shall be no less than the largest required content size of MsgA. 
Option2: More than one resource pool are supported, and in each pool UEs use the same time-frequency to carry PUSCH in MsgA and different DMRS ports and preambles are selected by UEs to enable multi-user detection. Each resource pool is configured to have equal TBsize that is no less than the largest required content size of MsgA. Compared to Option1, a larger number of UEs is supported for 2-step RACH and thus the collision probability gets reduced. Since there is a mapping between the preamble and the time-frequency resource of MsgA+DMRS, the preambles can be divided into groups and each preamble group maps to different resource pool, as shown in Fig.2. The gNB can then determine which resource pool to detect based on the preamble detection.


Fig.2. An illustration between the preamble group and resource pool
Option3: More than one resource pool are supported, and in each pool UEs use the same time-frequency to carry PUSCH in MsgA and different DMRS ports and preambles are selected by UEs to enable multi-user detection. Each resource pool is configured to have different TBsize to fulfil different requirements of content size of MsgA. There is no need for each resource pool to meet the largest content size requirement and thus Option3 tends to be more resource saving compared to Option2. Practically, each UE just selects one suitable resource pool according to its content size requirement. Similar to Option2, the preambles can be divided into groups, each of which is mapped to different resource pool. Then the gNB can determine which resource pool to detect based on the preamble detection. There is a limit that each UE can just choose the preamble from the group which is mapped to the resource pool meeting its content size requirement. 
The characters of Option1/2/3 are summarized in Table2. 
Table2. A summary of characters of Option1/2/3
	Options
	Descriptions
	Pros
	Cons
	Intended Scenarios 

	Option1
	One resource pool with TBsize that is no less than the largest required content size of MsgA
	· Low resource consumption 
· No need of preamble grouping 
	· small number of UEs
· High collision probability under dense scenario  
	Area with small number of UEs

	Option2
	Mutiple resource pools configured to have equal TB size that is no less than the largest required content size of MsgA
	· Large number of UEs
· Low collision probability
· No limit for preamble selection 
	· High resource consumption
· Need of preamble grouping
	Dense area with limit types of PRACH triggers tending to have same required content size of MsgA 

	Option3
	Mutiple resource pools configured to have different TB size to meet different requirements of content size of MsgA
	· Large number of UEs
· Low collision probability
· medium resource consumption
	· Need of preamble grouping
· Limit for preamble selection
	Dense area tending to have different requirement of content size of MsgA


It is noted that each option has both pros and cons and they are suitable for different kinds of scenarios. Therefore, it is suggested to adopt suitable option from the potential Option1/2/3 according to the requirements and characters of usage scenarios. 
According to the above discussion, we give the following proposal:
Proposal1: Consider the potential Option1/2/3 into the resource pool design for PUSCH in MsgA and it is suggested to adopt suitable option from the potential Option1/2/3 according to the requirements and characters of usage scenarios.
 
Conclusion
In this contribution, we have present our considerations on the resource pool design for PUSCH in MsgA and put forward the following observation and proposal: 
Observation1: In the resource pool design for PUSCH in MsgA, the potential content size of MsgA under different PRACH triggers and the maximum number of UEs allowed on the same time-frequency resource need to be considered.
Proposal1: Consider the potential Option1/2/3 into the resource pool design for PUSCH in MsgA and it is suggested to adopt suitable option from the potential Option1/2/3 according to the requirements and characters of usage scenarios.
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