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1.
Introduction
In the present contribution, we discuss the need for a synchronous RRC reconfiguration procedure in LTE. We find that there is a need to provide mechanisms by which the configuration of the UE and eNB can be changed synchronously. The main drive to support such mechanisms are L1 reconfigurations like MIMO configuration change.  However, also e.g. an RLC re-establishment may require a mechanism to synchronously switch  the configuration in the UE and eNB.  

In UTRAN RRC, synchronous reconfigurations are performed using an “activation time”. However, there is a strong consensus in RAN2 to avoid any activation times in LTE RRC [1]  due to the problems that the activation time solution  has created in UTRAN. 

Below, we therefore analyze mechanisms to achieve a synchronized RRC re-configuration in LTE without using activation times. Two mechanisms are studied, where the first is based on a simple C-RNTI change, and the second is based on a Random Access procedure together with a C-RNTI change. It should be noted that the RRC connection reconfiguration procedure  will have to support  C-RNTI change and means to request the UE to go through a Random Access procedure
, why the specification impact to support synchronous RRC re-configurations, as outlined here, will be small. 
It is proposed that RAN2 discusses the need for synchronous RRC re-configuration and agrees to the proposals provided in the conclusions. 
2.
Discussion
In RAN2, there is a strong consensus to avoid the use of  “Activation Times” in LTE RRC [1].  In UTRAN, an activation time (a reference to a certain CFN) can be included in an RRC message in order to assure that the UE starts using a new configuration at the same time instance as the Node B.  However, this UTRAN activation time solution has created both specification complexity and performance drawbacks. Important  reasons to avoid the activation time solution are: 

· Long re-configuration delays:  The activation time must be set with a sufficient offset to cover any L2 re-transmission delays of the reconfiguration message. The offset must therefore be set in relation to the worst percentiles of the RRC message transmission delay, even if the average delays are considerably lower. This affects the signalling performance. 

· Specification burden:  Due to the activation time in UTRAN, an RRC procedure in the UE may have a significant time-duration. It has therefore been necessary to specify how to handle “parallel procedures” in the UE, in case a second procedure is initiated while a first is ongoing. 
In LTE, it has been agreed to execute RRC procedures in sequence, i.e. the handling of parallel RRC procedures should not be specified.

However, there are reconfigurations in LTE that may require support for synchronous RRC reconfigurations, as exemplified below. 
2.1 Synchronized re-configuration, example
The example used here is L1 MIMO reconfiguration, where a UE is currently configured to receive PDSCH  with e.g.  transmit diversity, but the desire is to reconfigure PDSCH to spatial multiplexing. Clearly, a UE configured to one of the MIMO schemes will not be able to receive PDSCH if the transmitter (eNB) is using a different scheme. Thus, if the reconfiguration of the PDSCH is asynchronous, there is a risk that the connectivity between the UE and the eNB is lost. 

According to current agreements, the UE should execute any reconfigurations  in the RRC CONNECTION RECONFIGURATON message “immediately”, and respond with the RRC CONNECTION RECONFIGURATION COMPLETE message on using the “new” configuration:    
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Figure 1: RRC connection reconfiguration
Clearly, with current agreements, eNB cannot exactly know the time at which the UE takes the new configuration into use. This timing is dependent on e.g. the RRC processing time in the UE. 
For e.g. an L1 re-configuration, it may be critical for the eNB to deduce if the UE has successfully taken the new configuration into use:
Consider e.g. the case where a HARQ NACK-to-ACK error occurs during the transmission of the DL RRC CONNECTION RECONFIGURATION message containing a critical  L1 reconfiguration : In this case, eNB will assume that the UE has successfully received the reconfiguration message and will take the new configuration into use within, say, 10 ms
 after the reception of the falsely decoded ACK.  However, as the eNB then switches to the new configuration, the UE will not be able to receive any data on the reconfigured PDSCH, as the UE did not receive the reconfiguration message.  Similarly, the eNB may lack means to receive any  UL transmissions in case the reconfiguration included a critical reconfiguration of uplink L1 parameters. 

By this example, we conclude that there is a need for a method to  synchronize the configurations between the eNB and UE. As a minimal solution we first discuss a solution where the identity of the UE is changed in the reconfiguration procedure. 

Proposal 1: There is a need to synchronize RRC reconfigurations in LTE RRC.  

2.2 Configuration synchronization using a change of C-RNTI
Re-synchronization of the configurations in the UE and eNB can be achieved  if the C-RNTI is changed in the reconfiguration procedure. With this solution,  both the “old” and “new” configuration is associated with a unique C-RNTI. Thus, by scheduling the UE on PDCCH using the updated C-RNTI,  the eNB can unambiguously deduce if the UE has received and taken the new configuration into use: 
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Figure 2: RRC connection reconfiguration with C-RNTI change
From a terminal perspective, the solution require no changes to current agreements, i.e. the UE takes the new configuration directly into use, where the reconfiguration now also includes a new C-RNTI associated with the reconfiguration. It is assumed, however, that the UE sends HARQ feedback acknowledging the DL reconfiguration message before the RRC reconfiguration procedure in the UE is finalized. 

An typical eNB implementation would assign grants to the UE using the new C-RNTI after the reception of a HARQ ACK for the reconfiguration message. However, the burden of HARQ error recovery when transmitting the DL reconfiguration message would remain in the eNB, where two cases can be identified: 

1. NACK-to-ACK error: The reconfiguration message was not received by the UE. In case the eNB detects that the UE does not respond to scheduling on the “new” C-RNTI, it may recover then connection to the UE by scheduling the UE on the “old” C-RNTI. 

2. ACK-to-NACK error: The eNB assumes that the UE still uses the old configuration, but the UE has taken the new configuration into use. In case the UE does not respond on the “old” C-RNTI, the connection to the UE may be restored by scheduling the UE on the “new” C-RNTI. 

We note, however, that these recovery mechanisms have no impact on the standard, i.e. the recovery  is  up to eNB implementation.    

In case the UE received the reconfiguration message but the message is rejected by the UE, then the UE should request for uplink resources using the “old” C-RNTI according to already agreed procedures. 

The approach with a C-RNTI change outlined above provides means to synchronize the UE re-configuration in the sense that the eNB can unambiguously deduce which configuration the UE is currently using. 

Proposal 2: It shall be possible to change the C-RNTI in the RRC connection reconfiguration message. 

Note that, since the RRC reconfiguration procedure may include a reconfiguration of PUCCH parameters, it is essential that the HARQ ACK of the re-configuration message is sent on the “old” configuration. 
Proposal 3: The UE shall acknowledge the RRC CONNECTION RECONFIGURATION message on HARQ level before taking any new configuration into use.   

 We note that  the support for a change of the C-RNTI has very limited impact on the RRC messages, and the extent to which this solution is used to (re-)synchronize the UE configuration with the eNB configuration is up to eNB implementation. 
However, we also note that the exact timing of when the UE takes the new configuration into use remains uncertain. Strict UE requirements would reduce this uncertainty. Another approach to avoid this timing uncertainty is to use a (contention free) Random Access attempt to time-synchronize the reconfiguration the UE and eNB. This approach is discussed below. 
2.3 Time-synchronization using Random Access
For security re-configuration, RAN2 has concluded that an “intra-cell handover” could  be used. In this approach,  a time-synchronous reconfiguration of security parameters is accomplished as the new configuration is taken into use when the UE re-appears on a (dedicated) RA preamble.  
The same RA approach could be used for a L1 reconfiguration, with the difference that the “mobility aspects” of an “intra-cell handover”,  such as RLC reset (and PDCP re-transmissions), should not be used. The RRC CONNECTION RECONFIGURATION message should then command the UE to go through a RA procedure – preferably on a dedicated preamble to reduce the interruption time to a minimum: 
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Figure 3: RRC connection reconfiguration with a request to perform a RA and a C-RNTI change
The appearance of the UE on the dedicated RA preamble provides unambiguous time-synchronization information of when the UE has takes the new configuration into use. Note that also here a C-RNTI change is advisable to distinguish the present RA attempt from any other cause triggering the RA procedure (e.g. a RLF followed by a recovery). Without a C-RNTI change, there eNB could remain in a state of confusion with regards to the presently valid configuration in the UE.

Proposal 4: In the RRC connection re-configuration procedure, it shall be possible to command the UE through a Random Access procedure, such that the new configuration is taken into use after a successful completion of the RA procedure.   
We also note that a RA together with a C-RNTI change removes the ambiguity related to HARQ errors during the transmission of the RRC reconfiguration message. 

It is foreseen that the proposal above has minor impact on the RRC specification, since a RA procedure is already implicitly commanded in the RRC connection re-configuration procedure at times when a handover is issued. 

2.4 Other aspects
While the present discussion focused on L1 reconfiguration, we note that the outlined approach is generic, i.e. synchronous re-configurations could be issued also for e.g. RLC re-establishment and re-configuration of security parameters. For example, the aforementioned “intra-cell handover” is achieved by a  reconfiguration message that  both reconfigures the security parameters, re-establishes RLC instances  and commands the UE through a RA procedure. A successful completion is identified on RA with the “new” C-RNTI.  
In the structuring of the parameters into IEs in RRC, it appears advisable to include the C-RNTI parameter and a request to perform a RA (with associated parameters) outside the “IE Mobility control information”. This is to facilitate a C-RNTI change and  a request to perform a RA without executing the procedures associated with inter-cell mobility.      
3
Conclusions
In the present contribution, we discussed the need for a synchronous RRC reconfiguration procedure in LTE. Our analysis suggests that there is a need for a synchronous RRC procedure in LTE. However, we also find that this can be achieved without any major changes to current agreements. 

We therefore ask RAN2 to discuss the present matter and suggest the group to agree on the following proposals:  

Proposal 1: There is a need to synchronize RRC reconfigurations in LTE RRC.  

Proposal 2: It shall be possible to change the C-RNTI in the RRC connection reconfiguration message. 

Proposal 3: The UE shall acknowledge the RRC CONNECTION RECONFIGURATION message on HARQ level before taking any new configuration into use.  

Proposal 4: In the RRC connection re-configuration procedure, it shall be possible to command the UE through a Random Access procedure, such that the new configuration is taken into use after a successful completion of the RA procedure.   
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� E.g. to support mobility according to current agreements. 


� The delayed activation in eNB would be dependent on the UE RRC performance requirements.
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