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1 Introduction

This contribution discussed the key mechanism for RAN2 to consider and analyse when enabling the data transmission of a UE in the new RRC_INACTIVE state. The following characteristics for the NR_RRC_INACTIVE state, explained on [1], are assumed valid for this discussion:
· When a UE is in NR_RRC_INACTIVE state, the CN is not aware (i.e. UE transition into and out of this states is done at the RAN level and is transparent to the CN).

· When a UE is in NR_RRC_INACTIVE state, the UE related information (including e.g. UE RAN context, UE RAN ID, UE RAN security, UE NG-U/NG-C interfaces) is kept active in UE, gNB and CN nodes.

· A UE in NR_RRC_INACTIVE state is uniquely identified by a given UE-ID.
2 Data transfer from RRC_INACTIVE
The possible mechanism to sending data from NR_RRC_INACTIVED are shown in Figure 1 below:
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Figure 1. Data transfer mechanism from NR_RRC_INACTIVE

2.1 Assumptions

The following assumptions are applicable to all the mechanism that are discussed on next sections:
· The mechanism described here focus on the RRC messages, MAC CE and how the UL data is sent, irrespective of the random access procedure e.g. a 4-step or 2-step. NOTE: we choose using similar message number as we refer it in LTE, i.e. Msg.3, Msg.4 and Msg.5; however, if a 2-step RACH were used, it would mean that the information that we propose sending on Msg.3 is sent in Msg.1, Msg.4 in Msg.2 and, Msg.5 in Msg.3 instead.
· For any of the mechanism A, B-1, B-2 and C, we assume that NR allows multiplexing the data and RRC messages (i.e. SRB and DRB are multiplexed). The order to decode the multiplexed RRC messages and data would be important, details explained below. Moreover, for this discussion, the data is always sent over DRB and the control signaling (RRC or MAC) is sent over SRB.
· This document does not discuss the mechanism that allows sending data directly via a contention-based physical channel (i.e. non-orthogonal multiple access, NOMA). 

Proposal 1. The RRC signaling procedures to send data from NR_RRC_INACTIVE can be enabled via 4-step or 2-step random access procedure [2]. The following proposals refers to the message number assuming a 4-step RACH (e.g. Msg.3 in 4-step RACH would be equivalent to Msg.1 in 2-step RACH). The discussion of sending data from inactive and discussion of 4-step/2-step RACH can be progress separately. 

Proposal 2. NR allows multiplexing the UL data and the RRC messages in the same TB (i.e. SRB and DRB can be multiplexed), including Msg.3, Msg.4 and Msg.5.
2.2 Baseline (A): 3-step RRC procedure
RAN2 agreed that there will be a need to have a baseline (A) mechanism for a UE in NR_RRC_INACTIVE to get into RRC_CONNECTED. We assume that this baseline mechanism might be defined as a 3-step RRC procedure (Resume Request, Resume and Resume Complete), as shown in Figure 1. This procedure is similar to legacy LTE resume procedure, therefore we will focus our analysis on the new mechanisms (A-1, A-2 and B).
Proposal 3. The baseline mechanism (A) is LTE Resume procedure: a UE in NR_RRC_INACTIVE moves into NR_RRC_CONNECTED via a 3-step RRC procedure including a Request/Setup/Complete; the "RRC Connection Resume Complete" message and UL data could be multiplexed in Msg 5.

2.3 Mechanism (B.1): 2-Step RRC Conn. “Resume” with data sent after resuming
The key characteristics for each message of the mechanism B-1, as shown in Figure 1, are:
Msg.3 - The Msg.3 contains the UE's request to resume the RRC connection, carrying at least the required information for the network to perform contention resolution, identify the UE and authenticate it.
If msg 3 cannot accommodate the full MAC-I, Msg.5 may be needed for full Integrity protection depending on SA3 requirements; that would made the mechanism to be similar to the baseline and hence not considered part of B-1.  
Msg.4 - The Msg.4 contains the resolution of the request to resume the RRC connection (based on the stored UE AS context),   DL data could potentially be multiplexed along with msg 4.
Msg.5 - The Msg.5 could carry UL data and avoid sending RRC message. 
2.4 Mechanism (B.2): 2-Step RRC Conn. “Resume” with data sent while resuming
The key characteristics for each message of the mechanism B-2, as shown in Figure 1, are:

Msg.3 - The description provided for the Msg.3 in the mechanism B-1 is also applicable here for B-2. In addition, this case allows sending the UL data multiplexed with the "RRC Conn. Resume Request" message on this Msg.3. However the eNB will have to firstly authenticate the UE (which also requires finding the stored UE AS context) before been able to decode the data.
Msg.4 - The Msg.4 contains the contention resolution, to resume the RRC connection (based on the stored UE AS context), any DL data (if needed) and the indication to release. Therefore if the UE AS context was found, this Msg.4 could multiplex 4 “messages” that would need to be decoded sequentially by the UE: 1st) Contention resolution, 2, the "RRC Conn. Resume", 3nd) the "DL data" is processed, and 4rd) the "RRC Conn. Release/Reject" is processed.
2.5 Mechanism (C): Data sent while in NR_RRC_INACTIVE
The key characteristics for each message of the mechanism C, as shown in Figure 1, are that the UL data is directly sent upon Msg.3 without requiring explicit signaling. Whether any DL data is possible on this case might require further discussion, as well as, the UE expected behaviour after sending the UL data. This use case would be useful when a UE in NR_RRC_INACTIVE needs to do a data transmission within the same cell; whether it may be feasible across different cells is FFS.
Msg.3 - The Msg.3 includes the UE-ID and UL data.
Msg.4 - The Msg.4 would be the contention resolution and includes the DL data or message, if any.

Proposal 4. At least within the same cell where the UE AS Context is stored, a UE in RRC_INACTIVE may send UL data directly in Msg.3 (without any RRC signaling to resume the RRC connection).  NOTE: Msg.3 could also be understood as Msg.1 if a 2-step RACH were used instead of a 4-step.

2.6 Cross-Mechanism analysis B-1, B-2 and C
The table below responds to the questions identified on RAN2#95bis meeting for each mechanisms.
	
	Mechanism B-1
	Mechanism B-2
	Mechanism C

	1) 2-step or 4step RACH 
	· Both may be feasible
	· Both may be feasible
	· Both may be feasible

	2) Contention resolution (at which step)
	· Upon Msg.4
	· Upon Msg.4
	· Upon Msg.4 

	3) Grant size (supported sizes and how to do selection)
	· Larger (than LTE today) will be needed
	· Same to B-1
	· Same to B-1

	4) # RRC messages used
	· 
	· 2
	· 0

	4.a) Number of RRC messages exchanged before initiating UL data 
	· 2 or 3
	· 2
	· 0

	4.b) Number of “messages” exchanged for the complete mechanism (i.e. to bring the UE back the original state.) 
	· 4 or 5
	· 3
	· 0

	5.a) HARQ
	· Similar to LTE
	· Same to B-1
	· Impacts FFS

	5.b) ARQ 
	· Can be used similar to LTE
	· ARQ not easily possible
	· ARQ will require new UL transfer cycle. 

· Optimizations FFS. 

	6) How is performed the UE identification, authentication, or UE context fetch?
	· The gNB gets the UE-ID and MAC-I (short or long) upon Msg.3 (via RRC or MAC CE), and UE context fetch is triggered.
	· Same to B-1
	· UE-ID is sent with the data.
· FFS operation on different cells than the one where UE context is stored.


	7) How to configure the UP for transmission?
	· Via the establishment of the RRC connection (LTE model)
	· Same to B-1.
	· Direct transfer in inactive state

	8) For (B), when the UE starts full connected operation e.g. RLM, CSI/RRM
	· This behaviour could be specified and/or controlled by the network (via configuration)
	· N/A if the UE connection is already released in msg 4.
	· NA

	9) For (B), how to determine whether to move or not to "full" connected?
	· via UE subscription, or 
· via UE or network assistance indication, or

· by defining specific behaviour via specification.
	· Same to B-1
	· NA

	10) For (B), whether data is concatenated with RRC
	· If Msg.5 ("RRC Conn. Resume Complete") were needed, it would be concatenated with UL data
	· Msg.3 ("RRC Conn. Resume Request" would be concatenated with UL data.
· Msg.4 ("RRC Conn. Resume") would be concatenated with DL data and with "RRC Conn. Release/Reject".
	· NA

	11) How to decide when to use each mechanism 
	· Use case: useful for any UE.
	· Use case: might be more beneficial for UEs with single UL/DL data transmissions and where UL msg 3 is big enough.
	· Use case: more suitable for a UE within a cell that has the stored UE AS context and where UL msg 3 is big enough.

	Complexity relative to baseline
	· Very similar to baseline.
	· Minor (as follows baseline RRC model). 

· MAC multiplexing should be supported (mostly already supported in LTE)
	· Minor within a cell


Proposal 5. To considering enabling all mechanism A, B-1, B-2 and C understanding that might be suitable for different use cases and kind of UEs and the complexity difference is minimal.
3 Conclusion

The proposals captured are the following:
Proposal 1.
The RRC signaling procedures to send data from NR_RRC_INACTIVE can be enabled via 4-step or 2-step random access procedure [2]. The following proposals refers to the message number assuming a 4-step RACH (e.g. Msg.3 in 4-step RACH would be equivalent to Msg.1 in 2-step RACH). The discussion of sending data from inactive and discussion of 4-step/2-step RACH can be progress separately.
Proposal 2.
NR allows multiplexing the UL data and the RRC messages in the same TB (i.e. SRB and DRB can be multiplexed), including Msg.3, Msg.4 and Msg.5.
Proposal 3.
The baseline mechanism (A) is LTE Resume procedure: a UE in NR_RRC_INACTIVE moves into NR_RRC_CONNECTED via a 3-step RRC procedure including a Request/Setup/Complete; the "RRC Connection Resume Complete" message and UL data could be multiplexed in Msg 5.
Proposal 4.
At least within the same cell where the UE AS Context is stored, a UE in RRC_INACTIVE may send UL data directly in Msg.3 (without any RRC signaling to resume the RRC connection).  NOTE: Msg.3 could also be understood as Msg.1 if a 2-step RACH were used instead of a 4-step.
Proposal 5.
To considering enabling all mechanism A, B-1, B-2 and C understanding that might be suitable for different use cases and kind of UEs and the complexity difference is minimal.
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