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Introduction
In RAN2#96 meeting, several agreements are achieved for two-step RACH [1] as follows:
Agreements
If 2 step RACH is supported:
1 The 2-step RACH resources are optionally configurable by the NW 
FFS whether it can be configured by broadcast and/or by dedicated signalling.
2: NW can configure/restrict the usage of the 2-step RACH for certain cases ( e.g. procedures/services/radio condition, etc) (FFS for which cases for which it is possible to configure/restrict the usage)
3	RAN2 expects a benefit in latency for the 2 step RACH procedure
4	From RAN2 point of view, the 2-step RACH procedure is not restricted to be used with certain UE ID size.
5	Can provide RAN1 with the different size of message size and UE ID size for the different scenarios in LTE. Indicate to RAN1 that for some use cases the UE ID only would not be sufficient. For NR we are still studying.

In this document, we will discuss the remaining issues on two-step RACH based on the agreement above.
Discussion
Use cases
Use case analysis
Regarding the use cases, as proposed in the last meeting, the two-step RACH is applicable for the following cases shown in table 1.
Table 1: Use cases of two-step RACH
	
	cases
	Applicable UE state
	Pros of two-step RACH

	1)
	Attach/TAU[8]
	RRC_IDLE
RRC_INACTIVE
RRC_CONNECTED
	It’s good for delay reduction when attach request or TAU request is sent with msg1.

	2)
	Area update for RAN paging[8]
	RRC_INACTIVE
	It’s good for delay reduction when area update request is sent with msg1.

	3)
	Other SI requirement(FFS)
	RRC_IDLE
RRC_INACTIVE
RRC_CONNECTED
	It’s an available way for other SI requirement. The detail should be refered to section 2.3.4.

	4)
	RRC Connection establishment[2][8]
	RRC_IDLE
	It’s good for delay reduction for initial access when RRC msg is sent with msg1. Scheduled should be done quickly if BSR is sent in msg1.

	5)
	RRC Connection re-establishment[2]
	RRC_ CONNECTED
	It’s good for delay reduction for RRC re-establishment when RRC msg is sent with msg1. Scheduled should be done quickly if BSR is sent in msg1.

	6)
	Resume[8]
	RRC_INACTIVE
	It’s good for delay reduction for RRC resume when RRC msg is sent with msg1. Scheduled should be done quickly if BSR in sent in msg1.

	7)
	UL data arrival[5] [6][13][20]
	RRC_CONNECTED
RRC_INACTIVE
RRC_IDLE(FFS)
	It’s good for delay reduction.  Scheduled should be done quickly if BSR in sent in msg1.

	8)
	Handover/SCG change
	RRC_CONNECTED
	It’s good for delay reduction for the interruption of HO/SCG change.  Scheduled should be done quickly if BSR in sent in msg1.

	9)
	DL data arrival
	RRC_CONNECTED
	It’s good for delay reduction.

	10)
	positioning purpose during RRC_CONNECTED
	RRC_CONNECTED
	It’s good for delay reduction.



Proposal 1: RAN2 is kindly requested to confirm the use cases of two-step RACH listed in Table 1.
For Cases 9/10, although these cases are not requiring the UL data transmission, two-step RACH which only requires the PUSCH transmission can also be triggered by the network, if the preamble resources is not sufficient.
Observation 1: Two-step RACH can be triggered with/without UL data arrival.
For Case 1/3/5/7/8/9/10, the two-step RACH which is beneficial for the fast data transmission (especially for the UL data arrival) can be applied to the UE in RRC_CONNECTED. 
For Case 1/2/3/4/6/7, the two-step RACH which is beneficial for reducing the state transition delay can be applied to the UE in RRC_IDLE and RRC_INACTIVE.
Observation 2: Two-step RACH can be applicable for UE in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED.

Trigger conditions
According to the LTE MAC specification, the legacy RACH procedure can be triggered by the following conditions:
· Option 1): PDCCH order (e.g. UL de-sync upon DL data arrival)
· Option 2): MAC itself (e.g. BSR transmission without pre-allocated SR resources) 
· Option 3): RRC message (e.g. SCG change)
According to the use case analysis given above, the trigger conditions listed as the legacy 4-step RACH are also applicable for two-step RACH.
Observation 3: Two-step RACH can be triggered for the following conditions:
· PDCCH order
· MAC itself
· RRC message
RAN2 specification Impacts
If the above use cases of two-step RACH are agreed, we could have the major impacts (with related RRC STATE(s)) of two-step RACHs as given in the following table:
Table 2: RAN2 specification impacts of two-step RACH
	Issue List
	Descriptions
	IDLE
	INACTIVE
	CONN

	1)
	How does two-step RACH co-exist with four-step RACH?
	Yes
	Yes
	Yes

	2)
	How does the contention resolved?
	Yes
	Yes
	Yes

	3)
	How to handle the failure of two-step RACH?
	Yes
	Yes
	Yes

	4)
	How/when to trigger (i.e. use cases like on-demand SI) the two-step RACH?
	Yes
	Yes
	No

	5)
	How to handle the context (e.g. AS/NAS) of the UE?
	Yes
	Yes
	No

	6)
	How/whether to support HARQ/ARQ?
	Yes
	Yes
	No

	7)
	How to support ACB for two-step RACH?
	Yes
	Yes
	No



Issue 1): How does two-step RACH co-exist with four-step RACH?
On the one hand, same/different preamble groups/RACH resources can be used for four-step and two-step RACH. On the other hand, four-step or two-step RA could be triggered by UE and controlled by NW. The rules can be configured by broadcast and/or by dedicated signaling. Thus, two step RACH may/may be triggered together with four-step RACH.

Issue 2): How does the contention resolved?
In order for contention, appropriated UE ID should be included in msg1 which is shown in table 3. Different UE ID(s) at different layer could be used for two-step RACH for contention resolution. 
Table 3
	
	cases
	appropriated UE ID in msg1
	Other information should be included in msg1 except for UE ID
	Possible Payload size(byte)

	1)
	Attach/TAU[8]
	Random Value for the distinguish of ACKNACK
	Attach request/TAU request
	Random value: FFS
Attach request: 29+n[25]
TAU request:15[25]

	2)
	Area update for RAN paging[8]
	Random Value for the distinguish of ACKNACK
	Area update request
	FFS

	3)
	Other SI requirement(FFS)
	No UE ID if other SI is broadcasted. UE ID such as S-TMSI is needed if other SI is point-to-point or multi-casted.
	The information of which other SI is required.
	S-TMSI:5[26]
Other SI required:2(FFS)

	4)
	RRC Connection establishment[2][8]
	S-TMSI or random value
	RRC connection request
	RRC connection request: 6[26]

	5)
	RRC Connection re-establishment[2]
	S-TMSI or random value
	RRC Connection re-establishment request
	RRC Connection re-establishment request: 7[26]

	6)
	Resume[8]
	Resume ID
	RRC resume request, BSR
	RRC resume request:6[26]

	7)
	UL data arrival[5] [6][13][20]
	C-RNTI for UE in RRC_CONNECTED
S-TMSI for other cases
	UL data
	UL data size:FFS

	8)
	Handover/SCG change
	C-RNTI
	RRC reconfiguration complete
	RRC reconfiguration complete:1[26]

	9)
	DL data arrival
	C-RNTI
	NULL
	

	10)
	positioning purpose during RRC_CONNECTED
	C-RNTI
	NULL
	




Issue 3): How to handle the failure of two-step RACH?
Both contention-based and contention-free RA procedure should be supported in NR. When two-step RA is failed a fall back to legacy RA such as four-step RA would be possible [4][20]. Other ways can be considered also. More study is required on how to handle/reduce/avoid the failure of two-step RACH, as we could have several different failure causes.




Issue 4): How/when to trigger (i.e. use cases like on-demand SI) the two-step RACH?
Two-step RACH can also be used in other SI requirement. Many pending issues exist in this case. Except the information in msg1 described in section 2.3.2, whether RAR exists and how it looks like depends on how the other SI is transmitted to UE, broadcast, multi-cast or point-to-point? More study is required on how the other SI request can be sent via two-step RACH.




Issue 5): How to handle the context (e.g. AS/NAS) of the UE?
In order to transmit data in INACTIVE/IDLE, the UE context should be kept at both the UE and the network. Then how to maintain these context (e.g. AS/NAS status/configuration) should be studied further not just by RAN2, but also by RAN3 and SA2/3. More study is required on how/whether to maintain the AS/NAS context of the UE.

Issue 6): How/whether to support HARQ/ARQ?
To support HARQ/ARQ, we should firstly determine the target block/packet error rate for the PUSCH transmission of 2-step RACH. Then simulation/evaluation is required on the potential solutions of supporting HARQ/ARQ. 

Issue 7): How to support ACB for two-step RACH?
According to the LTE light connection discussion, ACB which does not support IDLE is not supported. If two-step RACH is supported for INACTIVE/IDLE, we should consider how to alleviate the congestion issue of the two-step RACH to improve the resource efficiency and so on. More simulation/evaluation is required to evaluate how/in which case to support two-step RACH, so as to improve the performance while collision occurs.

Based on the specification analysis given above, we consider that the 2-step RACH may not be able to be completed in the first phase in NR. We kindly request RAN2 to consider the 2-step RACN in a study item of NR.
Observation 4: Considering that 2-step RACH has many remaining issues as listed in table 2, the 2-step RACH may not be able to complete in the first phase of NR.
Proposal 2: To de-prioritize the two-step RACH in the NR study.
Conclusion
According to the analysis above, we have the following Observations and proposals:
Observation 1: Two-step RACH can be triggered with/without UL data arrival.
Observation 2: Two-step RACH can be applicable for UE in RRC_IDLE, RRC_INACTIVE and RRC_CONNECTED.
Observation 3: Two-step RACH can be triggered for the following conditions:
· PDCCH order
· MAC itself
· RRC message
Observation 4: Considering that 2-step RACH has many remaining issues as listed in table 2, the 2-step RACH may not be able to complete in the first phase of NR.
Proposal 1: RAN2 is kindly requested to confirm the use cases of two-step RACH listed in Table 1.
Proposal 2: To de-prioritize the two-step RACH in the NR study.
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