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1. Introduction
In this contribution, we study the necessity of network operation mode in UMTS. We proposed the definition and the use of network operation mode in UMTS under our study.

2. Discussion
In GSM/GPRS, network operation mode is used for following purposes.

(1) indication of paging channel which is used for sending paging message by network and is used for monitoring by UE

(2) indication of network configuration which is used for initiating combined procedures by UE

We study the necessity of network operation mode in UMTS from the above points of view.

2.1 Indication of paging channel
In GSM/GPRS, the network may provide co-ordination of paging for CS and PS services, and three network operation modes which indicate the channel used for sending paging message and monitored by UE are defined in 23.060 [1] section 6.3.3.1. (see Annex.1)

In UMTS, paging co-ordination may be done within the UTRAN. (see Annex.2) If RRC connection is idle, the paging message is sent over PCH and if RRC connection is connected, it is considered that the paging message is sent over DCCH described 23.121 [2], 25.303 [3] and 25.331 [4]. Therefore, the channel that UE needs to monitor is fixed under RRC connection mode, so that the network operation mode such as defined in GSM/GPRS does not necessary for UMTS.

2.2 Indication of network configuration
In GSM/GPRS, network operation mode also indicates whether the network supports Gs interface or not, i.e. network operation mode I indicates Gs interface supporting. UE initiates combine procedure when that mode shows I.

In UMTS, this idea should be maintained because this solution is easy to judge whether UE initiate combine procedure or separate procedure and the separate procedures can be done separately, not sequentially, when Gs interface isn’t supported. If that mode indicates Gs interface supporting, UE should initiate combine procedure, and if that mode indicates Gs interface not supporting, UE should initiate separate procedure. 

In UMTS, there are three types of network supporting both domain services as shown bellow.

(a) 3G-MSC/VLR and 3G-SGSN separated network

(b) 3G-MSC/VLR and 3G-SGSN with Gs interface network

(c) integrated combined node network

We consider the procedures in those types of network based on above discussion.

(a) 3G-MSC/VLR and 3G-SGSN separated network
In this network, network operation mode shall show Gs interface not supporting. Therefore, UE initiate separate procedures.

(b) 3G-MSC/VLR and 3G-SGSN with Gs interface network
In this network, network operation mode shall show Gs interface supporting. Therefore, UE initiate combined procedures.

(c) integrated combined node network
From the location area concept point of view, Location area (LA) and Routing area (RA) can be handled by other two integrated combined nodes as shown in Figure 1. In this case, the area #A is handled by the node #A, and the area #C is handled by the node #B. The area #B is handled by the node #A as 3G-MSC/VLR and is handled by the node #B as 3G-SGSN.
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Figure.1 LA and RA are handled by other two integrated combined nodes
The integrated combined node may have Gs function with internal interface, so that network operation mode shall indicates Gs interface supporting in this case. However, Gs interface can’t be supported when UE is in area #B in the case of Figure.3. In this case, the fall back procedure is necessary to initiate update procedure to the integrated combined node #A as 3G-MSC/VLR after UE initiate combined update procedure to the integrated combined node #B as 3G-SGSN. This falll back procedure is new function and UE and SGSN may have a big impact.

Therefore, the following conditions are necessary.

case 1 : visiting LA and RA are handled by the same integrated combined node everywhere, i.e. there isn’t the area design such as Figure.1

case 2 : there are external Gs interfaces between integrated combined nodes under the area design such as Figure.1

It is the advantage of the integrated combined node that the Gs function can be implemented as the internal function, so that the case 1 may be a better solution.
2.3 Conclusion
Based on the above discussion, network operation mode is also useful for the indicator of network configuration in UMTS, while that is unnecessary for the indication of paging channel such as GSM/GPRS.

Furthermore, the operator using the integrated combined node which contains Gs internal function shall design the network under the conditions described in section 2.2 as case 1 and case 2.

4. Propose

Based on above discussion, network operation mode should be used for the indicator of network configuration. Therefore, we proposed following three points

1. The definition of network operation mode described in 23.060 [1] section 6.3.3.1 should be modified for UMTS as shown bellow. And insert this to a new section of 23.060.

Network operation mode
Meaning

Ⅰ
Gs interface supporting

Ⅱ
Gs interface no supporting

2. The description of paging co-ordination in 23.060 [1] section 6.3.3.1 should be modified for UMTS based on 23.121 [2].

3. Add the following area design condition when using the integrated combined node in 23.060.

When using the integrated combined node which have internal Gs function, the following conditions should be applied.

case 1 : visiting LA and RA are handled by the same integrated combined node everywhere, i.e. there isn’t the area design such as Figure.1

case 2 : there are external Gs interfaces between integrated combined nodes under the area design such as Figure.1
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3G TS 23.060 V3.0.0

6.3.3.1
Paging Co-ordination

The network may provide co-ordination of paging for circuit-switched and packet-switched services. Paging co-ordination means that the network sends paging messages for circuit-switched services on the same channel as used for packet-switched services, i.e., on the GPRS paging channel or on the GPRS traffic channel, and the MS needs only to monitor that channel. Three network operation modes are defined:

· Network operation mode I: the network sends a CS paging message for a GPRS-attached MS, either on the same channel as the GPRS paging channel (i.e., the packet paging channel or the CCCH paging channel), or on a GPRS traffic channel. This means that the MS needs only to monitor one paging channel, and that it receives CS paging messages on the packet data channel when it has been assigned a packet data channel.

· Network operation mode II: the network sends a CS paging message for a GPRS-attached MS on the CCCH paging channel, and this channel is also used for GPRS paging. This means that the MS needs only to monitor the CCCH paging channel, but that CS paging continues on this paging channel even if the MS has been assigned a packet data channel.

· Network operation mode III: the network sends a CS paging message for a GPRS-attached MS on the CCCH paging channel, and sends a GPRS paging message on either the packet paging channel (if allocated in the cell) or on the CCCH paging channel. This means that an MS that wants to receive pages for both circuit-switched and packet-switched services shall monitor both paging channels if the packet paging channel is allocated in the cell. No paging co-ordination is performed by the network.

Table 1: Network Operation Modes

Mode
Circuit Paging Channel
GPRS Paging Channel
Paging co-ordination


Packet Paging Channel
Packet Paging Channel


(
CCCH Paging Channel
CCCH Paging Channel
Yes


Packet Data Channel
Not Applicable


((
CCCH Paging Channel
CCCH Paging Channel
No

(((
CCCH Paging Channel
Packet Paging Channel
No


CCCH Paging Channel
CCCH Paging Channel


When the Gs interface is present, all MSC-originated paging of GPRS-attached MSs shall go via the SGSN, thus allowing network co-ordination of paging. Paging co-ordination shall be made by the SGSN based on the IMSI, and is provided independently of whether the MS is in STANDBY or in READY state. The network operates in mode I.

When the Gs interface is not present, all MSC-originated paging of GPRS-attached MSs shall go via the A interface, and co-ordination of paging cannot be performed. The network shall then either:

-
operate in mode II, meaning that the packet common control channel shall not be allocated in the cell; or

-
operate in mode III, meaning that the packet common control channel shall be used for GPRS paging when the packet paging channel is allocated in the cell.

The network operation mode (mode I, II, or III) shall be indicated as system information to MSs. For proper operation, the mode of operation should be the same in each cell of a routeing area.

Based on the mode of operation provided by the network, the MS can then choose, according to its capabilities, whether it can attach to GPRS services, to non-GPRS services, or to both.

Annex.2
3G TS 23.121 V3.0.0
4.3.7
Paging initiated by CN

Here follows a possible solution with a page co-ordination within the UTRAN. Other alternatives are possible. 

A CN node requests paging only for UE in CS-IDLE state or PS IDLE state. In the separate CN architecture, paging from a CN node is done independent of the service state of the UE in the other CN service domain.

In this alternative with page co-ordination in UTRAN, the UE does not need to listen to the PCH (Page Channel) in RRC connected mode. (At least not when UE is allocated a dedicated channel.) 

At each page request received from a CN node, the RNC controls whether the UE has an established RRC connection or not. For this, the context that is build up in the SRNC for UE in RRC connected mode must contain the IMSI, i.e. the UE identity common for the two CN domains. 

If no context is found for the UE, “normal PCH paging” is performed. This implies transfer on the Paging channel of a page message indicating the UE paging identity received from the CN and a CN service domain type indication.

If a context is found, a “CN paging message” is transferred using the existing RRC connection. This message indicates then the UE paging identity received from the CN and a CN service domain type indication. 

In case of a single CN element, paging may be (but not mandatory) co-ordinated at the CN.

Note: The RNC might use another identity e.g. TMSI, P-TMSI, or other radio related identity, to page the mobile.
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