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Discussion
1 Introduction

MC-WCDMA is one of the proposals for the basic concept for physical layer [1]. MC-WCDMA prioritizes spectrum compatibility by allowing legacy UE and evolved UTRA UEs to co-exist in the same spectrum allocation. This means that legacy UEs and evolved UTRA UEs are supported by the network via E-Node Bs. This raises the thought that the re-use of the current RRC may be beneficial if the support of MC-WCDMA by the current principles of RRC is reasonably easy while maintaining backward compatibility. This should be studied at least as one possibility, although the system architecture and physical layer principles for LTE are yet to be decided.
This document tries to analyze an impact of MC-WCDMA on the current RRC and investigate how much we will be able to re-utilize the general concepts of the legacy protocol within E-RRC. It should be noted that it is not the intention of this document to discourage any enhancements for layer 3 protocol by enforcing the re-use of the current RRC.
2 Discussion
2.1 General principles for MC-WCDMA
General principles for the MC-WCDMA are listed below.
· Single Node-B with multiple carriers
· Anchor carrier (cell) carries SCH and CPICH

· Non-anchor carries CPICH only

· Same scrambling code across all carriers within a sector

· Synchronous operation across carriers within a sector

· UL/DL configuration

· Scenario A-I (no joint scheduling across carriers)

· NxDL + NxUL due to hardware limitation

· Scenario A-II (joint scheduling)

· NxDL + MxUL (typically M <= N)

· R7 terminals with multiple carrier Rx and processing capability

· R5/6 and R7 terminals can co-exist in the system at the same time
It should be noted here that the “anchor cell” ensures the co-existence of R5/R6 UEs and R7 UEs and the “non-anchor cell” can not be found by legacy UEs unless a scrambling code is explicitly signalled. The “non-anchor cell” is only used in CELL_DCH type of state.
Conclusion:
The anchor cell (carrier) and non-anchor cell (carrier) concept should be taken into account in this document.
2.2 Protocol architecture
In this document we assume the 2-layer network architecture which consists of E-Node B and Anchor node (Access Gate Way). This is proposed in [2] for the user plane. We also apply this to the control plane in this document. The following figure shows a protocol termination that we are considering for the control plane. The key point there is that we think it is possible to incorporate most of NAS functions into E-RRC with support from further upper layer (e.g. SIP).
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Conclusion:

We take the above protocol architecture as an assumption when it needs to be discussed in the context of discussions in this document.
2.3 Protocol states

It is one of key requirements stated in [3] that E-UTRAN shall achieve “Significantly reduced C-plane latency”. The associated delay requirements are very stringent. One key requirement from the layer 3 protocol point of view is that the state transition time from the camped-state to the active state is less than 100ms. In the RAN2, RAN3 and SA2 joint meeting in London, protocol states for E-UTRAN was further discussed. In the summary document [4] the camped-state in the above figure was called LTE_Idle and the requirement for the fast state transition to LTE_Active within 100ms was maintained. A power saving mode in LTE_Active was also discussed, which corresponds to the dormant state in [3]. The following figure summaries those requirements and discussions.
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According to [3], the requirement for the transition time from LTE_Idle to LTE_Active excludes downlink paging delay and NAS signaling delay. If we assume that the LTE_Idle is equivalent to the idle mode today, there are also AS signaling (i.e. RRC connection establishment, Security procedure and RB setup procedure) before the UE enters a state where U-plane data transfer is available. This delay can be minimized by storing RRC-related context of the UE in the network while allowing a low power consumption of a UE. Indeed, it is the concept of URA_PCH state.
The LTE_Active state is the state in which U-plane data transfer is done. For MC-WCDMA our assumption is that HSDPA/HSUPA with some enhancements is used in LTE_Active.
Conclusion:
We assume URA_PCH state as LTE_Idle and CELL_DCH as LTE_Active in this document.
2.4 System information broadcast
Since an anchor cell carries SCH and CPICH it can be found by a legacy UE and an evolved UTRA UE. This means that for the system information broadcast on an anchor cell, full backward compatibility is necessary so that it is possible for legacy UEs to correctly read MIB and SIBs. It is assumed that the system information would have to be enhanced to include IEs relevant to E-UTRA operation. What kind of IEs should be added depends on what functionality we are going to add for E-UTRAN system and we think the current extension mechanism should work for that purpose.
A non-anchor cell does not carry SCH and thus could not be found autonomously in cell search by a legacy UE and an evolved UTRA UE (i.e. a non-anchor cell is not visible for a UE unless the UE knows a scrambling code). For evolved UTRA UEs non-anchor cells are only allocated in CELL_DCH state. Currently we think that it is not necessary to broadcast system information in non-anchor cells.
Conclusion:

· Full backward compatibility is necessary for the system information broadcast over an anchor carrier.
· The system information is not broadcast over non-anchor carriers.

2.5 Paging

We believe that RRC signaling for paging would not be affected by a difference of physical radio interface. Paging to UEs in URA_PCH is provided by paging channel (type 1). It is concluded in [4] that the current assumption is that there is no paging for a UE in LTE_Active. So the paging transferred by dedicated channel (type 2) is not needed.

From RRC message structure point of view it is important whether E-UTRAN is going to use the same identity principles. That is, whether E-UTRAN will use U-RNTI, P-TMSI and IMSI for paging. It should however be noted that since we assume the UE is always RRC connected mode when the UE is paged, a equivalent of U-RNTI is always used for the paging. What identities are used in E-UTRAN is completely dependent on the architecture of LTE network. However it would be sensible to assume that the required modification to the current RRC is very minor.
Conclusion:

· Only the paging type 1 for UEs in LTE_Idle will be necessary.
· Identity scheme in LTE system would have a minor impact on the paging mechanism and this is FFS.
2.6 RRC connection establishment

As discussed above, in this document we assume that a UE intending to receive services from E-UTRAN is always in RRC connected mode. This means that RRC connection establishment procedure is the procedure that the UE initiates to enter LTE_Idle state from LTE_Detached state. A number of types of UE context such as security context, location or PDP context can be created during this initial procedure.
This would not be affected by the difference of physical radio interface and there must be a mechanism for the UE to make himself attached to the network.
Conclusion:

· RRC connection establishment can be used by the UE for the initial setup of the UE context.

2.7 Direct transfer of NAS message

The need of this functionality is determined by the architecture of LTE network (i.e. whether there is a clear AS-NAS separation and whether the capsulation of upper layer signalling is necessary). Taking our architecture described in the section 2.2, there is no AS-NAS separation. Additionally our assumption is that upper layer signalling such as SIP signalling is transferred via the user plane. Therefore we don’t see a necessity of the direct transfer.

If needed however, this function does not have a dependency with physical layer and the current mechanism seems to work very well.
Conclusion:

· Direct transfer of NAS message would work with any physical layer concept. The need of this functionality is FFS.
2.8 Security

In LTE TR by SA group [5] a requirement for the security is defined as follows.
“Subscriber security procedures in the Evolved 3GPP System shall assure (at least) the same security level as current 3GPP CS/PS networks”.
If that is assumed, there will be no strong need to move away or go further from the security mechanism that we have today. Although the UMTS security has been a problem for its stability due to the complexity, we managed to get it done after putting a lot of efforts. Obviously we don’t want to repeat it again for a new security scheme which would come with a similar complexity in order to achieve adequate level of security.
We believe that a user identity module compatible with SIM and USIM will be defined for LTE. The functionalities of the key generation and the key storage do not need to be changed for the same reason above. Therefore the principles for the keys (Ck, IK) and their handling in the current RRC would be able to be re-used in LTE.

Ciphering and integrity protection are discussed separately below.
Ciphering
Ciphering can be done anywhere the parameters and data to be encrypted are available. The key question here is whether the ciphering parameters will be available and usable as they are in the LTE system. Today the ciphering uses the following parameters.

· COUNT-C [32bits]

· BEARER [5bits]

· DIRECTION [1bit]

· LENGTH [16bits]

It is obvious that L2 mechanism needs to be decided before performing thorough investigation on whether the current ciphering scheme can be re-used. One main reason is because the L2 sequence numbers and the associated frame number ‘HFN’ are used as parameters in the ciphering. For the parameter BEARER, any identity for data flow can be used and 5 bits (up to 32 flows) would be sufficient. One ciphered unit needs to be smaller than 65535 bits so that the parameter LENGTH can be used as it is.

Integrity protection
Integrity protection is performed in RRC currently and RRC sequence numbering will not be affected by lower layer architecture or scheme, which indicates that COUNT-I can be used as it is in E-RRC. The other parameters listed below also don’t seem to be affected by other protocol layers. Hence the current integrity protection mechanism can be re-used in LTE.
· COUNT-I [32bits]

· FRESH [32bits]

· DIRECTION [1bit]

Conclusion:

· The current ciphering and integrity protection in RAN fulfils the security requirement by SA.
· Parameters for the ciphering is FFS and should be revisited with the layer 2 architecture of E-UTRAN.
· The current integrity protection would work with any physical layer concept.
2.9 RB Reconfiguration

Essentially, MC-WCDMA is an enhancement of WCMDA and a new RB configuration message would be able to be achieved with a very similar structure in physical channel configuration with support of multiple pipes instead of a single pipe. L2 parameter will be changed according to a new L2 architecture and functions. From procedure point of view we don’t see significant change as necessary. It is however premature to decide on what changes would be necessary for RB reconfiguration messages. Considering the fact that a simplification of the protocol is one of requirements, it is preferable to minimize the number of types of RB Reconfiguration messages and the possibility to have only one RB reconfiguration message should be discussed.
Significant change may be necessary depending on a whole change for LTE system and its operation. Even in that case, it is possible that the E-RRC uses a branch for a new protocol release or completely new structure as discussed in 2.12.
Conclusion:

· The concept of RB reconfiguration is kept.

· RB reconfiguration procedure can be simplified by having only one RB configuration message.
· How we extend the RRC message structure is FFS.
2.10 Cell / URA Update

With MC-WCDMA we can basically assume that general principles of the current RAN mobility management can be used. Cell /URA Update procedure is currently used for mobility purpose and various reports from the UE to the network. These functions can be used with MC-WCDMA. For the Cell / URA Update Confirm message and associated procedures the same analysis as RB reconfiguration in the previous section would apply.
Note that with the context of this document, Cell Update procedure is used for the state transition from LTE_Idle to LTE_Active.
Conclusion:

· The use of Cell / URA Update procedure would be maintained with MC-WCDMA.

· For the reconfiguration function of Cell / URA Update Confirm, the same principles as RB configuration (in 2.10) is applied.
2.11 Measurement

With MC-WCDMA the definition of ‘cell’ does not change. It allows the current cell measurement procedure (cell reselection, measurement events), which is one of the biggest part of RRC procedure, to be re-used a great deal. It could be assumed that only an anchor cell (carrier) would need to be measured in CELL_DCH. An anchor cell can delegate associated non-anchor cells in the same Node B in terms of radio quality. Only anchor cells are included in the neighbour cell list in the system information, which ensures backward compatibility for legacy UEs. Cell reselection procedure only takes anchor-cells into account and this is compatible with the existing procedure.
Conclusion:

· MC-WCDMA allows the current cell measurement procedure to be re-used.
2.12 ASN.1

Assuming that the ASN.1 is used for E-RRC, we need to look into the extensibility of the current ASN.1. A new release branch allows to specify completely new IEs under a RRC message. We don’t see any issue on this point. However the current ASN.1 doesn’t have many ‘spares’ for RRC messages on each logical control channel as indicated below.
· 5 spares for Downlink DCCH
· 1 spares for Uplink DCCH
· 3 spares for Downlink CCCH
· 1 spare for Uplink CCCH
It is very likely that additional RRC messages will need to be introduced in LTE due to architecture change (e.g. GMM messages handled by RRC because of AS-NAS merging). One possible way to solve this is to apply the general extension principle defined in TR25.921. The last spare in the CHOICE containing RRC messages points a new CHOICE containing newly introduced messages. This is shown below.
DL-CCCH-Message ::= SEQUENCE {


integrityCheckInfo

IntegrityCheckInfo

OPTIONAL,


message




DL-CCCH-MessageType

}

DL-CCCH-MessageType ::= CHOICE {



cellUpdateConfirm




CellUpdateConfirm-CCCH,


rrcConnectionReject




RRCConnectionReject,


rrcConnectionRelease



RRCConnectionRelease-CCCH,


rrcConnectionSetup




RRCConnectionSetup,


uraUpdateConfirm




URAUpdateConfirm-CCCH,


ext1







Ext1Message-CCCH,


ext2







Ext2Message-CCCH,


extension






DL-CCCH-MessageTypeExt

}

DL-CCCH-MessageTypeExt ::= CHOICE {



Ext3







Ext3Message-CCCH,


spare3







NULL,


spare2







NULL,


spare1







NULL

}
Another possibility is to introduce a completely new ASN.1 definition for E-RRC. This would give an opportunity for RAN2 to clean up the ASN.1 so that it is suitable only for E-UTRAN. The principles of the ASN.1 does not disallow this approach at all. As it is discussed in 2.4 however, full backward compatibility has to be maintained for the system information in order to take an advantage of the frequency allocation compatibility of MC-WCDMA.
Conclusion:

· ASN.1 allows envisaged extensions for E-RRC.
3 Conclusion
In this document we have shown that with MC-WCDMA it is foreseen that a fair amount of the current RRC protocol and concept can be re-used and the ASN.1 allows envisaged extensions. We believe this compatibility maximizes the use of the industry expertise for the current radio protocol and its principle, which in turn facilitates fast standardization, development, testing and deployment of LTE system.

We also identified items that need to be investigated in more detail as the discussion on the system architecture matures. Those aspects are relevant not only to MC-WCDMA, but also to any physical layer concept.
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