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1. Introduction

The update of system information in SCG has been discussed in RAN2#86, and companies agree that “As for CA SCells, the change of SI in SCG-SCells (not PSCell) is handled by release + addition of the concerning cell, which may be done with a single RRCConnectionReconfiguration message”. However, the update of SI for PSCell is still FFS? The state mismatch during the update of system information has been discussed in CA in Rel10, considering the RACH procedure in SCell can only be triggered by PDSCCH order in CA, the RACH procedure in SCell during the ambiguity time can be avoid by the scheduling of PDCCH ORDER of eNB. However, for the PSCell in small cell dual connectivity, since the PSCell cannot be deactivated and the RACH procedure in PSCell can be triggered by RRC Reconfiguration message and UE itself, the mismatch on system information may cause a more serious issue than CA. So, we give a further discussion on the procedure of system information update in PSCell and try to identify the impact on the mismatch of SI and the potential solutions.
2. Discussion
In CA, upon change of the relevant system information of a configured SCell, eNB will release and subsequently adds the concerned SCell, which may be done with a single RRCConnectionReconfiguration message. A figure is given below to show the procedure.
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Figure 1: System information update procedure in CA

Considering the newly added SCell will be treated as deactivated, the SCell with system information update will also be considered as deactivated due to the remove/add procedure. So, the eNB can update the system information broadcasted and switch to new configuration before the activation of the SCell, which can guarantee that the same system information will be used on both UE side and eNB side. 
Observation 1: Since the SCell in CA will be considered as deactivated after the SCell removal/addition, the mismatch on system information will not cause any problem in CA.
According to the agreement that the PSCell is always activated, so PSCell will still be activated after the RRC Reconfiguration with PSCell removal/addition, and the new system information will be used immediately once the RRC Reconfiguration is received.

Observation 2: If the addition/removal procedure for CA is used, PSCell will still be activated after the RRC Reconfiguration with PSCell removal/addition and the new system information will be used immediately once the RRC Reconfiguration is received.
Considering the PSCell will still be activated after the RRC Reconfiguration, reuse the addition/removal procedure for CA lead to a mismatch on the system information, and cause more serious problem than CA. One example is given as follow:
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Figure 2: System information update procedure with PSCell remove/add

In the example, SeNB initiate the system information update procedure to update the configuration of RACH related resources or TDD UL/DL configuration in system information. After reception of updated system information in RRC container from SeNB, MeNB send the RRC Reconfiguration message with PSCell removal/addition to update the system information on UE side. Once UE receive the RRC Reconfiguration message with PSCell remove/add, UE will use the new system information immediately. Later then, a RACH procedure, which is triggered by the RRC Reconfiguration or by some other reason, is initiated by UE in SeNB and use the new configuration received in the RRC Reconfiguration message. So, the question is when should SeNB update the system information broadcasted and switch to the new configuration. If switch to new system information on SeNB side is late than UE side, the RACH procedure will fail due to the mismatch on RACH resource or TDD UL/DL configuration. 
One possible alternative is that SeNB update the system information broadcasted and switch to the new configuration in PSCell before the dedicated signalling. However, considering the RACH procedure can be triggered in PSCell by UE itself, which is not possible in CA, the UE that has not received the updated system information may still trigger RACH procedure in PSCell with old configuration. The value range of PreambleTransMax and ra-ResponseWindowSize can be found as follow:

------------------------------------------ from 36.331 -----------------------------------------------------

PreambleTransMax ::=

ENUMERATED {n3, n4, n5, n6, n7, n8, n10, n20, n50, n100, n200}
ra-ResponseWindowSize
ENUMERATED {sf2, sf3, sf4, sf5, sf6, sf7,sf8, sf10},
------------------------------------------ from 36.331 -----------------------------------------------------

If we take a middle value for PreambleTransMax (i.e. 8) and ra-ResponseWindowSize (i.e. 6), the RACH procedure may fail in less than 50ms. Considering the delay in X2 interface and RRC/RLC layer, it is not possible for the MeNB/SeNB to guarantee that the UE can receive the dedicated signalling with system information update before the RACH failure. And based on the agreement made in RAN2#85 that “The UE shall stop all UL transmission towards all cells of the SeNB when detecting any of the above listed types of SCG failure (RACH, RLC, …).”, the RACH failure will cause the UE stop all the UL transmission, which is unexpected. Furthermore, UE may report the RACH failure to MeNB, and MeNB may initiated a PSCell remove due to the lack of information on the real reason for the RACH failure. 
Observation 3: In case the RACH resource is reconfigured in the updated system information, the mismatch on system information may cause a RACH failure and lead to a PSCell remove.  

Besides the RACH issue, change of TDD UL/DL configuration in system information may also cause a problem. Since some transmission timing in physical layer is decided based on the TDD UL/DL configuration (e.g. UL HARQ timing), mismatch on the TDD UL/DL configuration may cause a failure in the transmission of physical layer. Moreover, considering the UL sounding and non-adaptive retransmission, the mismatch on the UL/DL configuration may cause UE to transfer signal in the DL subframe, which will cause interference to other UE.
Observation 4: In case the TDD UL/DL configuration is reconfigured in the updated system information, the mismatch on system information may lead to transmission failure in physical layer (e.g. wrong HARQ timing) and cause interference to other UE (e.g. UL sounding and non-adaptive retransmission in wrong subframe).  

Based on the analysis and example above, we can see that reuse the remove/add procedure in CA may cause a mismatch on the system information (e.g. RACH resource, TDD UL/DL configuration and some other configurations which may need to be discussed further) and lead to a more serious problem than in CA. So, we give our proposal as:
Proposal 1: In order to avoid the mismatch on the system information for PSCell between UE and eNB, removal/addition PSCell in separate RRC reconfiguration message shall be supported.
According to the agreement made before, the SeNB addition procedure can only be triggered by MeNB. Since the MeNB cannot know when the SI update in PSCell is done, it is difficult for the MeNB to decide when to initiate the SeNB addition procedure. Considering the time used for SI update in PSCell can be estimated by SeNB, one possible solution is that SeNB send a SI update timer to MeNB. MeNB will start the SI update timer when it received, and initiate the SeNB addition procedure once the timer expired. The procedure is given in the figure as follow:
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Figure 4: Remove/add the whole SCG in separate message
In the figure above, we can see that no mismatch will be caused in this procedure. So, we give our proposal as:
Proposal 2: If separate procedure for PSCell removal/addition is used for SI update in PSCell, a SI update timer shall be included in the SeNB Release required message from SeNB to MeNB. MeNB should start the SI update timer once it received, and initiate the SeNB addition procedure in case the timer expired.
From the analysis above, we can see that the removal/addition of SeNB in separate RRC procedure can be used for the SI update of PSCell, in case the mismatch of SI will cause serious problem. However, in some cases, the mismatch of SI on UE and eNB will not cause a serious problem and can be accepted in a short period of time (e.g. update some power control related parameters in SI). 
Observation 5: In case the update of some non-critical parameters in SI of PSCell, the mismatch of SI between UE and eNB within a short period of time will not cause a serious problem and can be accepted.  
In order to avoid the interruption of data transmission in SeNB in case the update of non-critical parameters in SI of PSCell, the removal/addition of PSCell in one RRC procedure can still be considered. According to the agreements made before, PSCell in SCG can be changed with the SCG Modification procedure. So, the SCG medication procedure can be reused for the update of non-critical parameters in SI of PSCell. The procedure is given in the figure as follow:
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From the figure above, we can see that the removal/addition of PSCell can be done in one RRC reconfiguration procedure by reusing the SCG medication procedure. So, we give our proposal as:
Proposal 3: In case the update of non-critical parameters in SI of PSCell, in order to avoid the interruption of data transmission in SeNB, the SCG medication procedure with PSCell change can be reused and the removal/addition of PSCell can be include in one RRC reconfiguration message.
3. Conclusions
The issue about mismatch of system information for PSCell has been discussed in this contribution, the some observation is given as follow:

Observation 1: Since the SCell in CA will be considered as deactivated after the SCell removal/addition, the mismatch on system information will not cause any problem in CA.
Observation 2: If the addition/removal procedure for CA is used, PSCell will still be activated after the RRC Reconfiguration with PSCell removal/addition and the new system information will be used immediately once the RRC Reconfiguration is received.
Observation 3: In case the RACH resource is reconfigured in the updated system information, the mismatch on system information may cause a RACH failure and lead to a PSCell remove.  

Observation 4: In case the TDD UL/DL configuration is reconfigured in the updated system information, the mismatch on system information may lead to transmission failure in physical layer (e.g. wrong HARQ timing) and cause interference to other UE (e.g. UL sounding and non-adaptive retransmission in wrong subframe).  
Observation 5: In case the update of some non-critical parameters (i.e. parameters which will not cause a serious mismatch problem) in SI of PSCell, the mismatch of SI between UE and eNB within a short period of time will not cause a serious problem and can be accepted.  
Based on the observation above, one proposal is given as follow:

Proposal 1: In order to avoid the mismatch on the system information for PSCell between UE and eNB, removal/addition PSCell in separate RRC reconfiguration message shall be supported.
Proposal 2: If separate procedure for PSCell removal/addition is used for SI update in PSCell, a SI update timer shall be included in the SeNB Release required message from SeNB to MeNB. MeNB should start the SI update timer once it received, and initiate the SeNB addition procedure in case the timer expired.
Proposal 3: In case the update of non-critical parameters in SI of PSCell, in order to avoid the interruption of data transmission in SeNB, the SCG medication procedure with PSCell change can be reused and the removal/addition of PSCell can be include in one RRC reconfiguration message.
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