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Discussion and decision
1 Introduction

This contribution summarizes the key proposals to be considered when defining the NR mechanism that allows exchange of data by a UE in INACTIVE taking into consideration the contributions taken in the last RAN2 meetings, as well as, the inputs provided in the email discussion [NR-AH1#13][NR] UL data in INACTIVE.  Moreover the proposals listed here provide a framework addressing the key requirements associated with both solutions A and B that RAN2 have been discussing in the last meetings.
2 Discussion
This contributions focuses on the key characteristics and functionality that are desirable from the mechanism to allow the exchange of data by a UE in INACTIVE taking into consideration the key points associated with solution A and B. For background on our motivation, refer to [1], [2] and Annex section.
2.1 RACH procedure 
Proposal 1. The procedures to send data from NR_RRC_INACTIVE can be enabled via 4-step or 2-step random access procedure. 
Proposal 1.1. RAN2 discussion of sending data from inactive and discussion of 4-step/2-step RACH can be progressed separately. The following proposals refer 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). 

2.2 Design principle

Proposal 2. NR allows multiplexing data, MAC CE and one or more RRC messages in the same TB (including in Msg.3, and Msg.4). 

Proposal 2.1. RAN2 will need to define which RRC messages that can be multiplexed, and when applicable, the processing order of the user plane data relative to the RRC messages (e.g. user plane data should be processed after the resume but before the release).

2.3 UL 1st message sent (referred as Msg.3)
2.3.1 Cause value
Proposal 3. When a UE in INACTIVE includes  RRC signaling in Msg.3 to resume/activate the RRC connection, the UE AS sets the RRC causes considering at least MO data/signaling & MT access values. RAN2 to ask SA2 whether other cause values are required for end-to-end NR design.

2.3.2 Minimum information required in Msg.3
Proposal 4. When transitioning from NR_RRC_INACTIVE to NR_RRC_ CONNECTED, the UE needs to at least send the UE identification and, when required, the UE authentication in its initial UL message (which are known and unique on the RAN level and, are used to verify the UE and locate the gNB that has the UE AS Context stored). 
2.3.3 AS security handling 
The UE and gNB need to be aligned on the UE AS Context used including the UE AS security, and the different configurations used (from PHY, MAC, RLC, PDCP). The following scenarios are considered:

· Scenario 1: When gNB has "direct access" to the UE AS context (i.e. RRC and PDCP context are not reallocated), the UE could exchange data directly using the stored securities keys (i.e. the UE will not require to send the MAC-I to the network). 

· Scenario 2: When gNB does not have direct access to the UE AS context (i.e. RRC and PDCP context are reallocated), the security keys associated with a given UE could potentially be refreshed or re-generated, when the UE AS Context is relocated. 

For simplicity during this discussion, a "Context Area" concept is introduced to explain the expected UE behaviour in those scenarios described above in relation with the already agreed RAN notification area.

· A "Context Area" can be defined as a single cell or group of cells that has "direct access" to the stored UE AS Context on the RAN level (including at least the UE AS Security context, UE PDCP context and UE RRC context). 

· This "Context Area" is same or a sub-set of the RAN notification area associated for a given UE in RRC_INACTIVE, i.e. 1 cell <= "Context Area" <= "RAN notification Area". From network point of view, it could also be possible that the "Context Area" is larger than the "RAN notification Area"; understanding that from UE point of view, this would not make any advantage as the UE would need to perform the RAN location update mechanism upon moving outside of the "RAN notification Area".
· The AS security keys associated with a UE can be reused within the "Context Area", understanding that when the AS security keys can be maintained across cells, the PDCP COUNT and SN of PDCP and RLC could potentially be maintained.
· Other general assumptions: 

· The UE ID used uniquely identifies and authenticates the UE within its "Context Area".

· The UE and gNB shall have a common knowledge of the configurations used by UE, (including PHY, RLC, MAC that might not be stored as part of the UE AS Context or might be different between different gNBs).
· The RAN-initiated notification mechanism could be used to reach the UE in INACTIVE.
NOTE: A "RAN notification Area" is define as a cell or a group of cells within which the UE location is known and the UE is reachable by the network via the RAN-initiated notification mechanism. 
When resuming/activating the RRC connection for a UE in INACTIVE, the UE shall be uniquely identified and authenticated within its "RAN notification Area" regardless of whether RRC signaling is or not included in Msg.3. In our understanding when a UE is to exchange data under scenario 1, it is not essential that UE requires to send RRC signaling in Msg.3 (i.e. UE would be within a given "context area"), however under scenario (2), it is more efficient if the UE initiates the transmission including the RRC signaling in Msg.3 to allow the reallocation of the keys efficiently.
Proposal 5. When gNB does not have direct access to the UE AS context (i.e. RRC and PDCP context are to be reallocated), the UE in INACTIVE sends RRC signalling in Msg.3 and if TBS room allows it, UL data.

Proposal 5.1. When UE in INACTIVE includes a RRC signaling in Msg.3 to resume/activate the RRC connection, if Msg.3 carries the full MAC-I, the gNB can indicate to the UE via Msg.4 whether Msg.5 needs to be sent.  
Proposal 6. When the given gNB has direct access to the stored UE AS Context (including at least the UE AS Security context, UE PDCP context and UE RRC context), the UE in INACTIVE could send UL data directly w/o any RRC signalling in Msg.3.

Proposal 6.1. For a UE in INACTIVE that successfully sends UL data directly w/o any RRC signalling, a mechanisms need to defined for (a) gNB to send DL data in response w/o any RRC signaling and (b) gNB to trigger the UE transition to RRC_CONENCTED via RRC signaling.
2.4 DL 2nd. msg in response to UL 1st msg. (refered as Msg.4)

Proposal 7. The following information could be indicated to a UE in INACTIVE via RRC signaling in Msg.4: (a) if the UL 1st message transmission was successfully, failed or rejected, (b) the transition from INACTIVE to CONNECTED, (c) the continuation on INACTIVE, (d) the reconfiguration of required information stored in the UE, including the AS security. Details FFS.
2.4.1 Congestion control handling
Proposal 8. The gNB could reject the resumption/activation of a UE in INACTIVE to enable congestion control. When the resumption/activation of a UE in INACTIIVE is rejected, the UE AS handle the recovery mechanism to resume/active the connection.
2.4.2 Failure to locate a UE AS context
Proposal 9. A mechanism to efficiently transition from a resumption/activation of a suspended/inactive connection to establishment of a new RRC connection is supported for INACTIVE (targeting the scenarios where the gNB cannot find a valid UE AS context). 

3 Conclusion
The proposals captured are the following:
Proposal 1.
The procedures to send data from NR_RRC_INACTIVE can be enabled via 4-step or 2-step random access procedure.
Proposal 1.1.
RAN2 discussion of sending data from inactive and discussion of 4-step/2-step RACH can be progressed separately. The following proposals refer 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).
Proposal 2.
NR allows multiplexing data, MAC CE and one or more RRC messages in the same TB (including in Msg.3, and Msg.4).
Proposal 2.1.
RAN2 will need to define which RRC messages that can be multiplexed, and when applicable, the processing order of the user plane data relative to the RRC messages (e.g. user plane data should be processed after the resume but before the release).
Proposal 3.
When a UE in INACTIVE includes  RRC signaling in Msg.3 to resume/activate the RRC connection, the UE AS sets the RRC causes considering at least MO data/signaling & MT access values. RAN2 to ask SA2 whether other cause values are required for end-to-end NR design.
Proposal 5.
When gNB does not have direct access to the UE AS context (i.e. RRC and PDCP context are to be reallocated), the UE in INACTIVE sends RRC signalling in Msg.3 and if TBS room allows it, UL data.
Proposal 5.1.
When UE in INACTIVE includes a RRC signaling in Msg.3 to resume/activate the RRC connection, if Msg.3 carries the full MAC-I, the gNB can indicate to the UE via Msg.4 whether Msg.5 needs to be sent.
Proposal 6.
When the given gNB has direct access to the stored UE AS Context (including at least the UE AS Security context, UE PDCP context and UE RRC context), the UE in INACTIVE could send UL data directly w/o any RRC signalling in Msg.3.
Proposal 6.1.
For a UE in INACTIVE that successfully sends UL data directly w/o any RRC signalling, a mechanisms need to defined for (a) gNB to send DL data in response w/o any RRC signaling and (b) gNB to trigger the UE transition to RRC_CONENCTED via RRC signaling.
Proposal 7.
The following information could be indicated to a UE in INACTIVE via RRC signaling in Msg.4: (a) if the UL 1st message transmission was successfully, failed or rejected, (b) the transition from INACTIVE to CONNECTED, (c) the continuation on INACTIVE, (d) the reconfiguration of required information stored in the UE, including the AS security. Details FFS.
Proposal 8.
The gNB could reject the resumption/activation of a UE in INACTIVE to enable congestion control. When the resumption/activation of a UE in INACTIIVE is rejected, the UE AS handle the recovery mechanism to resume/active the connection.
Proposal 9.
A mechanism to efficiently transition from a resumption/activation of a suspended/inactive connection to establishment of a new RRC connection is supported for INACTIVE (targeting the scenarios where the gNB cannot find a valid UE AS context).
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5 Annex
These possible mechanism to send data from NR_RRC_INACTIVED are shown in Figure 1 and as previously mentioned, summary table is also copied in the Annex based on the analysis done in [1]:
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Figure 1. Data transfer mechanism from NR_RRC_INACTIVE

For our discussion, we consider the following options depending on whether any or a given number of RRC messages are exchanged when having to send the UL data:

· Baseline: 3-Step RRC Connection "Resume" procedure (taking LTE procedure as a baseline)

· Solution (B): 2-Step RRC Connection "Resume" procedure
· Solution (B.1): 2-Step RRC Conn. “Resume” with data sent after resuming.

· Solution (B.2): 2-Step RRC Conn. “Resume” with data sent while resuming

· Solution (A): No RRC procedure

For the DL data and release or suspension of the RRC connection, the understanding is that this could also be optimized to allow its earlier or even implicit indication depending on the case. For example, solution (B-2) shows how upon Msg.4 the gNB can also indicate the UE to release or suspend the RRC connection directly after sending the UL data in Msg.3 and potentially even DL data in Msg.4 (understanding that the corresponding UL ARQ/HARQ acknowledgment would still be expected before going into IDLE or INACTIVE),

The table below addresses the questions identified for each mechanism.

	
	Solution B-1
	Solution B-2
	Solution A

	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
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