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1 Introduction

In RAN2 #95 [3] the characteristics of a new state for NR were discussed and some agreements were made. In particular it was agreed that there should be “At least one RRC state for low activity should meet the NR control plane latency requirement and must be capable of achieving a comparable power efficiency to that of LTE’s IDLE state.” and “The connection (both CP and UP) between RAN and Core should be maintained in the “new state”
There was also discussion of at least infrequent small data transmission within the new state. In particular with reference to R2-165538 [2], proposing a potential method of implementation.  The work was continued in an email discussion [95 #28] with aims; “To identity the potential benefits and disadvantages associated with a) the UE performing state transition from the 'new state' to full connected in order to transfer data, and b) data transfer able to occur in the 'new state'.”

Use cases that would benefit from this include large numbers of connected mMTC devices and those requiring low latency as intended under the URLLC provisions of NR. 

In the case of IoT devices, the ability to send small data without the overhead required to enter a connected state is a way to achieve low power consumption and long battery life.
In RAN#72 it was agreed to defer work on mMTC to a later release but in RAN#73 [1] it was noted that “when making design decisions the working groups must ensure forward compatibility. This means that the basic NR design shall ensure that features to support non-prioritized use cases can be added later and can be operated in an efficient manner.”

Designing for URLLC remains within the current work and thus the new state is discussed in context of URLLC and its main requirement for user plane latency should be 0.5ms [5].
Observation 1: There is value to defining now a low latency and low overhead small data UL transmission method within the new state

2 Small Data Transmission in the New State
In R2-165538, it was proposed to base the state transition procedure for the new state on the LTE suspend/resume procedure and also to transmit data with message 3 as shown below.
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This is faster than the LTE baseline but still uses some significant resources. Some issues with the above method: There is a need for the UE to indicate the volume of data that it will transmit. This information can be sent in the preamble (via PRACH partitioning), but there are a limited number of preambles, or the UL Grant for Msg. 3 needs to be oversubscribed, where the UE zero stuffs any additional bits it doesn’t need.
The possibility of combining the contents of messages 1 and 3 and messages 2 and 4 was also suggested [4], for transmision on a contention-based channel in small cells or when the TA may be known.
If the TA is not known then significantly increasing the CP length could help but this introduces a significant overhead into the transmission time both as a system resource and as a drain on UE power.

If messages 1 and 3 are combined the lack of orthogonal preambles will be an issue so RAN has suggested techniques such as NOMA and NOMA/RSMA as possible solutions. Unfortunately NOMA introduces a large amount of blind decoding. The amount of decoding will be increased significantly in proportion to the anticipated large number of UEs.

Observation 2: The current proposal has the following problems:
1. Significant resources are still used

2. Limited number of RACH preambles

3. Unknown data volume

4. Large number of blind decodes for NOMA

3 New Grant Free State

To solve these issues the new state could be created as a Grant free (GF) state as described below. The following diagram shows how the new GF state fits with the legacy Idle and Connected states (blue is legacy LTE, red is new GF state and transitions).
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On power up, a Full RACH procedure can be completed to get to the connected state, where security, authentication, Resume ID, and a valid TA are obtained. Below is an example of the RACH procedure using the same 4 message mechanism shown in section 2 and proposed in R2-165538 [2]:


                                                           RA (Preamble)
                                                           (PRACH)

                                                        RAR (TA, Grant)
                                                            

                                           RRC Connect (Resume_ID)+
                                               User data

                                                                 

                                                   RRC Response

                                                      ACK & suspend                                              

This example of the RACH procedure includes sending data in Msg3. Other methods could also be used. In this case, without a BSR, the quantity of user data would need to be determined by blind decoding.
When there is no more data to send, the UE can be suspended to the new GF State.
When a UE is in the GF state, similar to the Idle state, the UE monitors the paging channel and conducts Idle Mode mobility management procedures (e.g. looks for best cell) as in the Idle Mode. 

In the GF state, if a large amount of data (e.g. > 100 bytes) is required to be sent, the UE executes a normal RACH process (as if the UE was in the Idle state). This case is denoted as “Large Data” in the condition for state transition.

In the GF state, if a small amount of data (e.g. < 100 bytes) is required to be sent (denoted by “Small Data” in the condition for state transition), the UE executes an efficient new contention-based GF Send Procedure as shown below. 


                                                                          

                                         RRC Connect (Resume_ID)+

                                               User data

                                                                 

                                                   RRC Response

                                        
  ACK 

              
The small data is sent grant-less in message 1 
Observation 3: It is possible to make a small data transmission with very low latency and with low overhead in a new GF State.

4 Timing Advance

The ability to use the new GF send procedure successfully depends on TA accuracy. The UE will need to assume the timing advance (TA) is valid until handoff, movement, or failure.

Timing advance changes due to UE movement, and/or UE (and BTS) clock drift. Unfortunately, there is no way for the UE to know which one has occurred.  Thus for the UE to maintain valid TA, the UE must assume it has not moved and thus any changes in timing are due to clock drift only. 
Some movement can be tolerated with a small decrease in decodability when the TA advance is within the CP but TA error beyond the CP should be avoided as this can cause interference to other users. For example if the CP is 5.1us  a TA mismatch of greater than this between UEs will result in interference between the data transmissions of the UEs. 
The UE may be able to use one or more of the following means to determine whether it has moved; GPS, accelerometer or major changes in signal strength from serving cell and neighbor cells.
If the UE has determined it has moved far enough such that the TA cannot be accurate anymore, the UE must move from the GF State to the Idle State.
Observation 4: A new state where the TA is assumed correct, can allow access using far less resources and less time.

An opportunity to correct the TA exists every time a UE does a GF send. The current TA could be appended to the ack in the second message, as shown here.



                                                                          

                                         RRC Connect (Resume_ID)+

                                               User data

                                                                 

                                                   RRC Response

                                        
ACK, TA 
              
Observation 5: The TA can be updated when a UE sends data 

5 Mobility in New GF State
If the UE does detect a stronger neighbour BTS (i.e. an Idle Mode handoff) in GF state, the TA to the new BTS is unknown.  Depending on how the UE is configured; the UE may initiate a BTS Update Proc (as shown below) or the UE may drop into the IDLE state autonomously (i.e. the network would not know if the UE is in GF state or IDLE state).  Below is an example of the BTS UpdateProc which has a similar purpose to a tracking area update but to notify the NW that the UE has moved BTS and also to get the updated TA (timing, not tracking area).


                                                            Preamble

                                                             (PRACH)

                                                                   TA

                                                             UL Grant

                                                              Resume_ID

                                                                 


                                                               ACK                                               

Observation 6: The UE can update its location and TA when changing BTS with a BTS Update procedure

Given a UE may not always be able to determine if it has moved enough to require a TA or BTS update, it is possible the UE may execute the GF Send Procedure with an invalid TA. In this case, the GF Send Procedure will likely fail. After a specified number of GF Send failures, the UE shall then move from the GF State to the Connected State via the RACH Process to send the data which will update the TA.
6 Paging

If TA is lost due to an idle mode hand-off, then the UE may go to the idle state or do a BTS Update and stay in the GF state, the decision will depend on if the system wants to optimize paging resources or RACH resources. If the application is rarely paged, then it is more efficient if the UE simply drops to IDLE where if the UE is paged, it would need to be paged within the entire tracking area.  But if an application is paged often, then optimizing paging resources is important so the network would instruct the UE to perform the BTS Update Proc so that the NW knows exactly which sector/BTS to page the UE in, thus saving paging resources.  If the UE is executing the BTS Update Proc too frequently (i.e. the UE is moving fast), the network may decide to direct the UE to move to the IDLE state where mobility is tracked at a coarser level (i.e. the tracking area level). 

Observation 7: A new state allows the network to optimize paging or RACH resources by optionally locating the UE with a BTS (vs. a tracking area).

7 Reduction in Blind Decodes
As described above the BTS does not know the size of the small data to be sent. It also does not know the MCS, time, frequency or NOMA code, if used. This could require significant number of blind decodes at the BTS.

In order to reduce the wide range of possible blind decoding requirements at the BTS the UE may be assigned a reduced set of options for time, frequency, MCS, NOMA codes etc. while in connected mode using RRC procedures. These time, frequency and NOMA codes could be mapped to the resume ID which would reduce the configuration.  

The MCS cannot be mapped to the resume ID as it depends on the amount of data and the channel conditions. The initial MCS can be given in the connected RRC state via normal RRC procedures but if the BTS sees a need to change the MCS due to a change in signal level, the new MCS set can be included in the ACK of a GF transmission as shown below:


                                                                          

                                         RRC Connect(Resume_ID)+

                                               User data

                                                                 

                                                   RRC Response

                                          ACK, MCS Set, resume_ID 

              
Observation 8: A new state, can be used to help reduce blind decoding options
If the BTS assigns similar resource options to more than one UE such that collisions are possible it may use the Resume_ID in the ACK to avoid confusion as to which UE’s GF message was received.
8 Simpler resume ID

It is possible to make the Resume_ID significantly shorter than 40 bits because there may be no need to define it across all eNBs.  For example it could be 20 bits which enables support of a massive number of UEs. Scrambling of the user data could use the C-RNTI or the new GF_ID.


                                                                          

                                         RRC Connect (GF_ID)+

                                               User data

                                                                 

                                                   RRC Response

                                          
  ACK, GF_ID 

              
Observation 9: The resume_ID in the New GF State could be a shortened version of the standard resume_ID.
9 Conclusions

Observation 1: There is value to defining now a low latency and low overhead small data UL transmission method within the new state

Observation 2: The current proposal has the following problems:

1. Significant resources are still used

2. Limited number of RACH preambles

3. Unknown data volume

4. Large number of blind decodes for NOMA

Observation 3: It is possible to make a small data transmission with very low latency and with low overhead in a new GF State.

Observation 4: A new state where the TA is assumed correct, can allow access using far less resources and less time.

Observation 5: The TA can be updated when a UE sends data 

Observation 6: The UE can update its location and TA when changing BTS with a BTS Update procedure

Observation 7: A new state allows the network to optimize paging or RACH resources by optionally locating the UE with a BTS (vs. a tracking area).

Observation 8: A new state, can be used to help reduce blind decoding options

Observation 9: The resume_ID in the New GF State could be a shortened version of the standard resume_ID.

Proposal: RAN2 should consider the New State as a Grant-Free state  
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