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Introduction
In the last three meetings, RAN2 achieved some progress on the UE states assumptions for NR. In RAN2#94, in Nanjing, companies agreed on the introduction of an “inactive” state where the UE should be able to start data transfer with low delay (as required by RAN requirements). One of the open issues concerned the data transmission when UEs are within the inactive “state”:
FFS whether data transfer is by leaving the "state" or data transfer can occur within the "state".

In RAN2#95, in Gothenburg, some progressed was achieved and companies agreed that in the 'new state' there will be a mechanism where the UE first transits to the full connected state where data transmission can occur. However, for the special case of small data transmissions, the following was captured:
=>	RAN2 will study the possibility for the UE to perform data transmission without state transition from the 'new state' to full connected.

In RAN2#95bis, this topic was discussed again and the 2 approaches has been reformulated as follows:
2 potential approaches for further evaluation (in addition to baseline move to connected and then transmit data)
b) Transmit data together with initial RRC message for transition to connected
c) Transmit data in "new state"

This contribution argues that if after analysing use cases and requirements for infrequent and small data transmission RAN2 concludes that a state transition to connected is not sufficient, the new baseline solution should be based on approach b) i.e. transmit data together with initial RRC message for transition to connected. 
This is a resubmission of R2-168713.
[bookmark: _Ref178064866]Discussion
According to TS 36.331, an LTE dormant UE starts a state transition by sending an RRCConnectionResumeRequest and can only start to transmit data once it receives an RRCConnectionResume message from the network, which also triggers to UE to move to RRC_CONNECTED. 
[bookmark: _Toc462663121][bookmark: _Toc462823985]A UE does not enter RRC_CONNECTED until it receives a RRCConnectionResume message from the network in response to a RRCConnectionResumeRequest.
Therefore, based on the previous observation and the agreements from Nanjing and Gothenburg, if the UE can transmit User Plane (UP) data before it receives an RRCConnectionResume it can transmit data before it is fully connected. One of the one of the concerns that may eventually motivate the introduction of an optimization for infrequent and small data transmission could be the higher power consumption when the UE is in RRC_CONNECTED. However, any solution relying on RRC signalling where data can be transmitted before RRCConnectionResume does not require the UE to be configured with the full connected mode configurations that may consume more power such as RRM measurement configurations, beams management procedures, CSI-RS processes, etc.
Small data transmissions
Transitions between RRC_CONNECTED and RRC_INACTIVE 
In LTE, the RRC Connection Suspend/Resume solution for EPS optimization assumes that the AS context is stored in RAN. This is realized by a UE in RRC CONNECTED being requested to store the AS context when suspended and the network assigning a resume ID associated to the UE context. Based on that identifier the UE can resume its RRC connection. 
In NR, it has agreed in RAN2#95 that in RRC_INACTIVE there will be a mechanism where the UE first transits to RRC_CONNECTED where data transmission can occur.
Observation 2	RAN2 must define a procedure to move UEs between RRC_CONNECTED and RRC_INACTIVE.

Since the initial discussions on UE states in RAN2#94, most of the companies, if not all of them, expressed that AS context is store in RAN in RRC_INACTIVE and an agreement5 has been reached in RAN2#95bis. Given that both in LTE and NR the storage of the AS context aims to reduce the CP latency and signalling, and given that, LTE RRC is a baseline for NR, it seems very logical to assume that RRC Connection Suspend/Resume for EPS optimization is a baseline solution. The main exception compared to Suspend/Resume would be that in NR the UE can assume that the CN/RAN interface connection is up so that the Resume procedure would be similar to a transition from URA_PCH in UTRAN.
Observation 3	As in LTE Suspend/Resume solutions when the RRC Connection is suspended the the AS context is stored and associated to an identifier.

The procedure(s) to move the UE between RRC_CONNECTED and RRC_INACTIVE is based on RRC Resume with AS context stored.

Data transmission without entering RRC CONNECTED 
In the following, we discuss a solution for small data transmissions where the inactive UE resumes its RRC context and transmits an RRC Resume request multiplexed with UP data. When the gNB receives the RRC Resume request and data, it can either instruct the UE to remain in RRC_INACTIVE (which would be a typical action for small data) or resume the UE to RRC_CONNECTED. We further outline that the proposed solution can also work with a contention based access is scheme.
[bookmark: _Ref462822132]Small data transmission based on RRC Resume Request
The following mechanism for small data transmissions is based on the Suspend-Resume mechanism for LTE. The main difference is that UP data is transmitted simultaneously with Message 3 (RRC Connection Resume Request) and an optional RRC suspend signalled in Message 4, see Figure 1 where the solution is illustrated. 
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[bookmark: _Ref462818535]Figure 1. Illustration of proposed procedure for small data.

Initially under the assumption of a random access scheme as in LTE, the procedure works as follows:
1. When the UE receives UL data, the UE transmits RA preamble. Here a special set of preambles (a preamble partition) can be used as in LTE to indicate a small data transmission (meaning that the UE wants a larger grant and possibly that the UE wishes to remain in inactive state).
2. The network responds with RAR containing TA and a grant. The grant for message 3 should be large enough to fit both the RRC request and the small data. The allowable size of the small data could be specified and linked to the preambles, e.g. preamble X asks for a grant to allow Y bytes of small data. 
a. Depending on available resources, the gNB may supply a grant for message 3 accommodating only the resume request, in which case an additional grant could be supplied after reception of message 3.
3. At this point the UE will prepare the RRC Connection Resume Request and perform the following actions:
a. Re-establish PDCP for SRBs and all DRBs that are established.
b. Re-establish RLC for SRBs and all DRBs that are established. The PDCP should reset SN and HFN during this step.
c. Resume SRBs and all DRBs that are suspended.
d. Derive a new security key (e.g. KeNB) possible based on NCC provided before UE was sent to “inactive” state. 
e. Generate encryption and integrity protection keys and configure PDCP layers with previously configured security algorithm.
f. Generate RRC Connection Resume Request message
g. An indication (BSR) of potentially remaining data is added.
h. An indication that the UE wishes to remain in inactive state (if this is not indicated by the preamble) is added.
i. Apply the default physical channel and MAC configuration.
j. Submit RRC Connection Resume Request and data to lower layers for transmission.

After these steps, the lower layers transmit Message 3. This can also contain UP data multiplexed by MAC, like existing LTE specifications as security context is already activated to encrypt the User Plane. The signalling (using SRB) and data (using DRB will be multiplexed by MAC layer (meaning the data is not sent on the SRB). 

4. Network receives Message 3 and uses the context identifier to retrieve the UEs RRC context and re-establish the PDCP and RLC for the SRBs and DRBs. The RRC context contains the encryption key and the User Plane data is decrypted (will be mapped to the DRB that is re-established or to an always available contention based channel). 
5. Upon successful reception of Message 3 and UP data, the network responds with new RRC response message which could either be an “RRC suspend” or an “RRC resume” or an “RRC reject”.   
a. This transmission resolves contention and acts as an acknowledgement of Message 3. In addition to RRC signalling the network can in the same transmission acknowledge any user data (RLC acks). Multiplexing of RRC signalling and User Plane acks will be handled by the MAC layer. If UE loses the contention then a new attempt is needed as described in 3.3.3. 
i. In case the NW decides to resume the UE, the message will be similar to a RRC resume and may include additional RRC parameters. 
ii. In case the NW decides to immediately suspend the UE, the message will be similar to a RRC suspend. This message can possibly be delayed to allow DL acks to be transmitted.
iii. In case the NW sends a resume reject the UE will initiate a new SR as in LTE today after some potential backoff time. 
This procedure will, strictly speaking, transmit the UP data without the UE fully entering RRC_CONNECTED, which formally would happen when UE receives the RRC Response (Message 4) indicating resume. On the other hand, it uses the RRC context to enable encryption etc. even if the network decision is to make the UE remain in RRC_INACTIVE by immediately suspend the UE again.

[bookmark: _Toc462663110][bookmark: _Toc462823990][bookmark: _Toc462831921][bookmark: _Toc462832057][bookmark: _Toc462989856]For RRC_INACTIVE UEs, the baseline procedure for small data transmissions is as follows:
i. [bookmark: _Toc462663111][bookmark: _Toc462823991][bookmark: _Toc462831922][bookmark: _Toc462832058][bookmark: _Toc462989857]When UL data arrives, the UE transmits a preamble indicating it wishes to transmit small data
ii. [bookmark: _Toc462663112][bookmark: _Toc462823992][bookmark: _Toc462831923][bookmark: _Toc462832059][bookmark: _Toc462989858]Upon reception of sufficiently sized grant to transmit both RRC resume request and data the UE:
1. [bookmark: _Toc462663113][bookmark: _Toc462823993][bookmark: _Toc462831924][bookmark: _Toc462832060][bookmark: _Toc462989859]Re-establish and resume PDCP and RLC for SRBs and DRBs
2. [bookmark: _Toc462663114][bookmark: _Toc462823994][bookmark: _Toc462831925][bookmark: _Toc462832061][bookmark: _Toc462989860]Derive new security keys based on NCC provided before UE was sent to ‘inactive’ state
3. [bookmark: _Toc462663115][bookmark: _Toc462823995][bookmark: _Toc462831926][bookmark: _Toc462832062][bookmark: _Toc462989861]Transmit RRC resume request and UP data. UP data is encrypted whereas SRB is not. Default MAC/PHY configuration used. 
iii. [bookmark: _Toc462663116][bookmark: _Toc462823996][bookmark: _Toc462831927][bookmark: _Toc462832063][bookmark: _Toc462989862]Network sends RRC response which may
1. [bookmark: _Toc462663117][bookmark: _Toc462823997][bookmark: _Toc462831928][bookmark: _Toc462832064][bookmark: _Toc462989863]Resume context and put UE in connected state. Contention resolved.
2. [bookmark: _Toc462663118][bookmark: _Toc462823998][bookmark: _Toc462831929][bookmark: _Toc462832065][bookmark: _Toc462989864]Suspend UE. Possibly delaying response to allow DL acks to be transmitted. Contention resolved.
3. [bookmark: _Toc462663119][bookmark: _Toc462823999][bookmark: _Toc462831930][bookmark: _Toc462832066][bookmark: _Toc462989865]Reject Connection. UE will need to re-try.

[bookmark: _Ref462823899]Contention based transmission and two-step Random Access
In the previous section we have shown a solution to be adopted as baseline relying on a random access scheme for NR like the LTE one. However, since in NR there may be new random access schemes being considered, it is important to highlight that nothing precludes the application of the same RRC-based solution relying on a contention based approach based on the two-step random access.
Observation 4	Optimizations of Suspend/Resume for small data can also be applied to a contention based approach based on the two-step random access.

In this case a contention based channel is used for transmission of the RRC resume request message and for the data transmission. Using a contention based access may be beneficial from a latency perspective but from a resource consumption perspective it may be wasteful to reserve resources which may be left unused. Also, collisions and interference will be problematic at high load. In low load scenarios this should not be an issue. 
In situations where the two-step RA is configured for an NR cell (typically in small cells or when UL time alignment is not an issue) there is a potential to speed up the small data transmission process. Small data procedure using the two-step RA is shown in Figure 2. The preamble, RRC Connection Resume Request (Message 3) and the data can be multiplexed on the same TTI using contention based channels. The eNB responds with the RAR and RRC response (Message 4). The small data procedure could be defined in a similar fashion as the procedure in 3.1 where the ordinary 4-step RA is used. 
[image: ]
[bookmark: _Ref462658506]Figure 2 Illustration of small data transmission using two-step RA.

In more detail, the procedure for transmitting small data using contention based access is as follows:
1. When the UE receives UL data, the UE prepare to transmit RRC Connection Resume Request and data. In more detail this means
a. Re-establish PDCP for SRBs and all DRBs that are established.
b. Re-establish RLC for SRBs and all DRBs that are established. The PDCP should reset SN and HFN during this step.
c. Resume SRBs and all DRBs that are suspended.
d. Derive a new security key (e.g. KeNB) possible based on NCC provided before UE was sent to “inactive” state. 
e. Generate encryption and integrity protection keys and configure PDCP layers with previously configured security algorithm.
f. Generate RRC Connection Resume Request message.
g. An indication (BSR) of potentially remaining data is added.
h. An indication that the UE wishes to remain in inactive state (if this is not indicated by the preamble) is added.
i. Apply the default physical channel, semi-persistent scheduling, MAC and CCH configuration.
j. Submit RRC Connection Resume Request and data to lower layers for transmission.

After these steps, lower layers transmit the preamble and RRC Connection Resume Request. This can also contain User Plane (DRB) data multiplexed by MAC like existing LTE specifications as security context is already activated to encrypt the User Plane. The signalling (using SRB) and data (using DRB will be multiplexed by MAC layer (meaning the data is not sent on the SRB) on a contention based channel.

2. NW receives preamble and RRC Connection Resume Request and uses the context identifier to retrieve the UEs RRC context and re-establish the PDCP and RLC for the SRBs and DRBs. The RRC context contains the encryption key and the User Plane data is decrypted (will be mapped to the DRB that is re-established). 
3. Upon successful reception of RRC Connection Resume Request and UP data, NW responds with a Random Access Response (RAR) and a new RRC response message which could either be an “RRC suspend” or an “RRC resume” or an “RRC reject”.   
a. This transmission resolves contention and acts as an acknowledgement of the RRC connection resume request. In addition to RRC signalling the network can in the same transmission acknowledge any user data (RLC acks). Multiplexing of RRC signalling and User Plane acks will be handled by the MAC layer. If UE loses the contention, then a new attempt is needed as described in 3.3.3. 
i. In case the NW decides to resume the UE, the message will be like a RRC resume and may include additional RRC parameters. 
ii. In case the NW decides to immediately suspend the UE, the message will be like a RRC suspend. This message can possibly be delayed to allow DL acks to be transmitted.
iii. In case the NW sends a resume reject the UE will initiate a new SR as in LTE today. 

Also this procedure will strictly speaking transmit the UP data before the UE is in connected mode, which formally would happen when UE receives the RRC Response indicating resume. On the other hand, it uses the RRC context to enable encryption etc. even if the NW decision is to immediately suspend the UE.
RRC context to enable encryption etc. even if the NW decision is to immediately suspend the UE.

[bookmark: _Toc462831931][bookmark: _Toc462832067][bookmark: _Toc462989866]For RRC_INACTIVE UEs, if the two-step RA is enabled, the procedure for contention based small data transmissions is as follows:
iv. [bookmark: _Toc462831932][bookmark: _Toc462832068][bookmark: _Toc462989867]When UL data arrives, data the UE:
1. [bookmark: _Toc462831933][bookmark: _Toc462832069][bookmark: _Toc462989868]Re-establish and resume PDCP and RLC for SRBs and DRBs
2. [bookmark: _Toc462831934][bookmark: _Toc462832070][bookmark: _Toc462989869]Derive new security keys based on NCC provided before UE was sent to RRC_INACTIVE
3. [bookmark: _Toc462831935][bookmark: _Toc462832071][bookmark: _Toc462989870]Transmit preamble, RRC resume request and UP data on the configured contention based resources. UP data is encrypted whereas SRB is not. Default MAC/PHY configuration used. 
v. [bookmark: _Toc462831940][bookmark: _Toc462832072][bookmark: _Toc462989871]Network sends RAR and RRC response where the RRC response may
1. [bookmark: _Toc462831941][bookmark: _Toc462832073][bookmark: _Toc462989872]Resume context and put UE in connected state. Contention resolved.
2. [bookmark: _Toc462831942][bookmark: _Toc462832074][bookmark: _Toc462989873]Suspend UE. Possibly delaying response to allow DL acks to be transmitted. Contention resolved.
3. [bookmark: _Toc462831943][bookmark: _Toc462832075][bookmark: _Toc462989874]Reject Connection. UE will need to re-try.

It would also be possible to transmit only a BSR (i.e. not any UP data) in the first transmission, and let the eNB respond with a grant when contention resolution has been settled.
Special Considerations
Grant size
How the eNB assigns the grant size for small data transmissions could be based on special set of preambles (a preamble partition) as in LTE to indicate a small data transmission. The indication of small data transmission could mean that the UE expects some fixed (standardized) grant size.  However, it will be very difficult to have a fine granularity of the wanted grant size when indicating small data transmission with the preamble. However, the eNB may give grants depending on load where a larger grant is given in low load situations. Hence, there may be situations where the grant is less than the UE has expected (e.g. in high load) and the UE will need to segment the UP data and continue transmission upon reception of a new grant.
Resume or suspend
Different reasons may exist of why the network would choose to resume the UE, i.e. not immediately suspending the UE. For example, the gNB may suspect the service will result in more transmissions shortly, either UL or DL and would prefer to move the UE to connected.
[bookmark: _Ref461442289]Failure handling
Failure handling in the proposed procedure can be handled per existing LTE procedures. In case of contention resolution failure, the normal (4-step) procedure for RA can be applied. In case of RRC context retrieval failure, the legacy procedure for LTE suspend resume can be applied.

Conclusion
This contribution argues that the baseline solution should be based on approach b) i.e. transmit data together with initial RRC message for transition to connected. A first reason is the fact that the state transition procedure relying on RRC signalling is anyway needed in NR and reusing most of the components to small data transmission would avoid the double standardization efforts. Another reason to assume the proposed solution as baseline is the fact that the design questions agreed in RAN2#95bis [1] have anyway to be answered for the ordinary state transition from RRC_INACTIVE to RRC_CONNECTED.

The following observations and proposals were made:
Observation 1	A UE does not enter RRC_CONNECTED until it receives a RRCConnectionResume message from the network in response to a RRCConnectionResumeRequest.
Observation 2	RAN2 must define a procedure to move UEs between RRC_CONNECTED and RRC_INACTIVE. 
Observation 3	As in LTE Suspend/Resume solutions when the RRC Connection is suspended the the AS context is stored and associated to an identifier. 
Observation 4	Optimizations of Suspend/Resume for small data can also be applied to a contention based approach based on the two-step random access. 

Based on the discussion in section 2 and 3 we propose the following:
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