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1 Introduction

At the last TSG GERAN meeting, there were discussions regarding the proposal for a progressive introduction of the PBCCH/PCCCH [1]. This paper contributes further to this discussion, focussing on two topics:

· DCCM (Dual Control Channel Mode) [2], proposed by Nokia, and

· the decoupling of PBCCH and network Mode of Operation (NMO) I.

In order to discuss this issue properly, it is necessary to consider the current real world and the way that GPRS is likely to grow. Several potential deployment scenarios are sketched out. The conclusions are also listed here.

2 Technical discussions

2.1 Principle

Overall, the aim must be to ensure that GPRS is deployed without any degradation to voice services. It is not acceptable that the introduction of GPRS jeopardises CS services. Therefore, the primary aim must be to ensure that voice call success rates, for both GPRS and non-GPRS mobiles, are not reduced by GPRS rollout. The secondary aim is to ensure that GPRS works.

2.2 Current situation

Currently the PBCCH/PCCCH cannot be deployed because:

a) Mobiles will not work with the PBCCH and its multiple PCCCHs

The enormous complexity of the PBCCH/PCCCH is widely accepted by the industry. In addition to the long development and testing times by network manufacturers, the PBCCH/PCCCH is not essential to launch GPRS services, which can be initially offered on the BCCH/CCCH. This has led to a very limited number of network implementations of this feature and, in those cases, to a very limited implementation of its functionality, where only a part of the standardised features have been implemented.

This, as reported at the last TSG GERAN meeting [1] by most of the main terminal manufacturers, GPRS terminals are likely to work properly in the first network implementations using the BCCH/CCCH, but it is highly improbable that they will work once the operators switch on the PBCCH/PCCCH.

b) PBCCH/PCCCH forces the use of NMO I

If the PBCCH/PCCCH is deployed in one or more cells in a Routeing Area (RA), then either NMO I or III have to be used in that RA. Due to the degraded performance when NMO III is used, NMO I effectively becomes the only solution. This means that many more CS paging and Location Area Update procedures will fail when performed via the PS domain, which will lead to degraded MT voice call success rates. This is not acceptable.

The main benefits of the PBCCH/PCCCH seem to be ‘immediate assignment’ capacity and C31/C32 cell reselection parameters:

· There will be a need for more ‘immediate assignment’ capacity than can be provided by one non combined BCCH. However, this can be provided by multiple CCCHs [3]. Whether or not multiple CCCHs work with all mobiles is sometimes questioned. If the current viability of multiple CCCHs is questioned, then it is certain that the PBCCH/PCCCH will not work: this is a fully type approved feature and it is probably 50 to 500 times simpler than the PBCCH/PCCCH.

Nokia’s DCCM proposal gives approximately an extra year to work at proper inter-operability testing of current and FUTURE BSS features. The DCCM proposal de-risks both PBCCH and multiple CCCHs scenarios. By accident, the DCCM proposal actually makes near optimum use of both BCCH and PBCCCH resources.

· The C31/C32 criteria may be useful for control of the load from mobiles in packet transfer mode by altering the coverage area of different GSM cells. However the large quantity of PBCCH information that must be read by the mobile might degrade rather than improve cell reselection performance. Assuming that these C31/C32 are useful then we must work to prevent the PBCCH causing Voice call degradation and controlling the UMTS core network architecture.

2.3 Deployment scenarios for GPRS growth

This section describes some possible scenarios for the deployment of GPRS, considering the effects of its growth.

2.3.1 Scenario 1: miracle scenario; the full PBCCH/PCCCH works

2.3.1.1 Current situation: combined BCCH

The GSM paging channel has high capacity and can support the paging of a large MSC on a combined BCCH/SDCCH configuration:

· Paging capacity: 2 radio interface paging messages, each carrying 2 TMSIs per 51-frame multiframe, is 61.000 pages/hour.

· Paging load: a 1000 erlang MSC, with 1 minute average call holding time and 40% MT traffic gives 24000 pages/hour.

A combined BCCH can carry 3 AGCH and/or PCH messages per 51-frame multiframe. On average there is less than one Immediate Assignment message per 51-frame multiframe.

2.3.1.2 GPRS launch: non-combined BCCH

The lack of the extended uplink/downlink TBF feature in Release 97/98/99 will mean that early GPRS mobiles/networks will always release the TBF when the RLC buffer of/to the mobile empties. When the next burst of data needs to be transmitted, the TBF will have to be re-established by assignment messages on the AGCH. Thus, early GPRS mobiles/networks will make a heavy use of the AGCH.

In order to increase AGCH capacity without damaging PCH capacity, larger cells (or all cells) are reconfigured to have one non-combined BCCH configuration. With a non-combined BCCH, only 2 paging blocks will be needed for CS paging. The remaining 7 blocks will be available for GPRS paging and for “GPRS immediate assignment messages”.

2.3.1.3 GPRS grows: deploy PBCCH/PCCCH for a very short time

When the GPRS load on the non-combined BCCH exceeds the 7 blocks of PCH/AGCH capacity, a PBCCH/PCCCH on one timeslot could be deployed. Due to the limited performance of NMO III, the deployment of the PBCCH forces the use on network mode 1. This means that Location Area Update procedures have to be performed on unreliable TBFs and mobile terminating voice call success rates will decrease.

A PBCCH timeslot has 12 blocks every 52-frame multiframe. Probably 2 blocks will be needed for the PBCCH information, leaving 10 blocks for the PCCCH (GPRS paging, packet assignment and CS paging for class B and DTM mobiles). The GPRS paging and packet assignment load will occupy 7 blocks on average, because this is why the BCCH can no longer be used. The CS paging for the class B and DTM mobiles may, on average, take another whole block. Hence when the PBCCH is deployed, it will already be 80% loaded and a small increase in GPRS traffic will mean that an extra TCH has to be converted into a PCCCH.

When the PBCCH is deployed, the BCCH could be converted back to a combined configuration. However, three SDCCHs (+CBCH) will probably still be insufficient for the legacy mobiles and so the cell will still need to be configured with an extra timeslot of SDCCHs (i.e. the SDCCH/11 configuration). Frequently these SDCCHs will be under-utilised.

2.3.1.4 GPRS grows more: PBCCH/PCCCH use 2 timeslots

With the logic given above, a single timeslot for PBCCH/PCCCH is an unlikely configuration. It is more likely that the move from the BCCH is immediately to 2 GPRS control timeslots: one for PBCCH/PCCCH and one solely for PCCCH.

2.3.2 Scenario 2: multiple CCCHs

2.3.2.1 Current situation (combined BCCH)

As in scenario 1 (cf. 2.3.1.1)

2.3.2.2 GPRS launch: non-combined BCCH

As in scenario 1 (cf. 2.3.1.2)

2.3.2.3 GPRS grows: deploy a second CCCH

When the GPRS load on the non-combined BCCH exceeds 7 blocks of AGCH/PCH capacity, a second CCCH could be deployed. The deployment of the second CCCH permits continued use of NMO II. This means that Location Area Update procedures can be performed on the reliable SDCCH and mobile terminating voice call success rates will remain constant.

The deployment of multiple CCCHs requires support from all mobiles. However, this is a GSM phase 1 requirement that is tested in phase 2 GSM 11.10, test 26.6.2.5. This test is a TBR 19 test and is implemented in several test platforms at both 900 MHz and 1800 MHz. Nevertheless, there is still a small risk of mobiles malfunctioning, which are likely to be unable to receive and/or make voice calls.

A second CCCH has 8 blocks every 51-frame multiframe available for PCH and AGCH, because probably only one block will be needed for the BCCH information. The use of two CCCHs gives a total of 16 blocks for PCH and AGCH. Given that the CS paging load only needs 2 blocks, this leave 14 blocks available for GPRS paging and packet immediate assignment.

2.3.2.4 GPRS grows more: deploy a third and fourth CCCHs

When the GPRS paging and Immediate Assignment traffic exceeds 14 blocks, a third CCCH is needed. When it exceeds 22 blocks, a fourth CCCH is needed.

As the GPRS traffic grows, it will become obvious how many CCCHs are needed. If it seems that four will be insufficient, then standards for ‘new CCCH’ should be developed. The new specification of new CCCHs could be such that paging was performed on “old CCCHs” and 11 bit RACHs could be used on the new CCCHs with a an improved coding of the 11 bits, e.g. to indicate GMM signalling, etc.

2.3.3 Scenario 3: DCCM now plus PBCCH/PCCCH

2.3.3.1 Current situation (combined BCCH)

As in scenario 1 (cf. 2.3.1.1)

2.3.3.2 GPRS launch: non-combined BCCH

As in scenario 1 (cf. 2.3.1.2)

2.3.3.3 GPRS grows: deploy PBCCH/PCCCH

When the PBCCH/PCCCH is deployed in one timeslot, the mobiles that support DCCM and the PBCCH will camp on the PBCCH. The mobiles that do not support the PBCCH will remain on the BCCH. This means that the BCCH is used more efficiently and avoids the problem that the PBCCH deployment leaves a ‘CS timeslot’ unused and wasted
However, NMO I is still needed, which still gives a voice call degradation problem due to Location Area Update procedures over TBFs. This can be solved by standardising a means to decouple the Gs interface from the PBCCH deployment, e.g. the BSC copies the small number of A interface paging messages to both BCCH and PBCCH (see 2.4).

2.3.3.4 GPRS grows more: PBCCH/PCCCH use 2 timeslots

Since part of the mobiles continue to camp on the BCCH when the PBCCH/PCCCH is deployed, the need for a second timeslot for the PCCCH is also delayed, making this scenario more efficient than scenario 1.

2.3.4 Scenario 4: DCCM now plus multiple CCCHs

This scenario might be useful:

a) in case DCCM mobiles are late implementing PBCCH/PCCCH plus additional PCCCHs; in this case, multiple DCCHs are needed to cope with the ‘Immediate Assignment traffic’;

b) because the unproven PBCCH is found to have as yet undetected catastrophic flaws; or

c) because TBFs are substandard at handling location updates (current networks are aiming for 100% call completion rates).

2.3.5 Scenario 5: wait and see that PBCCH/PCCCH does not work

2.3.5.1 Current situation (combined BCCH)

As in scenario 1 (cf. 2.3.1.1)

2.3.5.2 GPRS launch: non-combined BCCH

As in scenario 1 (cf. 2.3.1.2)

2.3.5.3 GPRS grows

The sequence of events now would be:

a) Deploy the PBCCH/PCCCH: find that many mobiles lose voice calls and/or GPRS sessions.

b) Remove the PBCCH/PCCCH: the BCCH becomes overloaded again and starts losing CS paging messages and/or CS immediate assignments.

c) Deploy a second CCCH: if there were faults in legacy mobiles, they would lose all calls.

d) Remove the second CCCH: the BCCH becomes overloaded again.

e) To limit BCCH congestion, stop all new GPRS mobile from being sold: this is not acceptable. In addition, it is already too late since the BCCH is already overloaded.

f) Split cells in two, in order to get a second BCCH carrier with second BCCH: this is a waste of spectrum.

g) Standardise DCCM for properly tested PBCCH capable mobiles: then wait a year for implementation

h) Restart GPRS service in 2004: this is not acceptable.

2.4 Decoupling of PBCCH and NMO I

2.4.1 Description of the problem

2.4.1.1 Degraded call success rate

As stated above, when the PBCCH is deployed NMO I has to be used. NMO I implies the existence of the Gs interface and forces the use of:

· CS paging via the PS domain

· Combined Location/Routeing Area Update procedures

This means that many more CS paging and Location Area Update procedures will fail when using the Gb and Gs interfaces and the SGSN. This will lead to degraded MT voice call success rates, which is not acceptable as it goes against the principle described at the beginning of this paper.

2.4.1.2 UMTS Core Network architecture

The NMO I would have to be set up across all the cells of the RA, even if only one cell is using a PBCCH. In the case of a combined 2G/3G SGSN, this forces to use NMO I in UMTS as well.

From a different point of view, it would not be possible to set up NMO I for GPRS and NMO II for UMTS, since cell changes between GERAN and UTRAN will be frequent and, for a class A/B mobile: 

· the Gs interface has to be set up or torn down any change between cells with different NMO

· a cell change from a GSM cell in NMO I to a UMTS cell in NMO II triggers the mobile to perform a Location Area Update procedure followed by a Routing Area Update procedure (see [4])

· a cell change from a UMTS cell in NMO II to a GSM cell in NMO I triggers the mobile to perform  a Combined Routing Area Update with IMSI attach (see [4])

Note that this is irrespective of whether the 2G and 3G MSCs are combined or separate. It is not acceptable that these procedures are performed at every cell change.

To prevent it, it would be necessary that UMTS is also configured as NMO I, including the Gs interface between the 3G MSC and the 3G SGSN. However, it is not acceptable either that the architecture of the UMTS Core Network is dictated by a GPRS radio interface feature.

2.4.2 Proposal

In order to prevent the irregular situation described above, it is necessary that operators be allowed to use the PBCCH, without forcing to use the Gs interface and maintaining the voice call success rates. This could be satisfied by a modification to NMO II where:

· The MS in (packet) idle mode camps on the PBCCH when this is present in the cell.

· MM and GMM are independent. As in NMO II, location updates towards the CS and PS domains would be totally independent. The mobile performs the Location Area Update procedure on an SDCCH. The mobile performs the Routeing Area Update procedure on a TBF
.

· From the information broadcast on the cell, old mobiles interpret that NMO II is used (i.e. no PBCCH present in the RA). As for the DCCM, SI13 is extended to indicate (to the new mobiles) the position of the PBCCH. This information is ignored by old mobiles, which operate in NMO II on the BCCH.

· The BSC sends PS pages to new mobiles to the PCCCH and CS pages to both BCCH and PBCCH
. The RA updates carry an extra bit in them, which the SGSN copies to the Gb interface page message. This information tells the BSC where to page the mobile, as in the Nokia solution for DCCM.

· DTM paging co-ordination techniques are used to ensure that CS paging messages are delivered to mobiles in packet transfer mode.

3 Conclusion

3.1 Summary

This paper analyses the current situation regarding the use of the PBCCH/PCCCH and outlines some deployment scenarios for the growth of GPRS. To minimise the risk of failure, multiple alternative deployment scenarios are needed:

· Scenarios 2 (multiple CCCHs), 3 (DCCM now plus PBCCH/PCCCH), and 4 (DCCM now plus multiple CCCHs) seem to provide a sensible set of deployment scenarios.

· Scenario 5 (wait and see that PBCCH/PCCCH does not work) is unacceptable.

· Scenario 1 (miracle scenario; the full PBCCH/PCCCH works) is another “do nothing approach”. It prevents scenarios 3 and 4 and thus will lead to total reliance on scenario 2.

The paper also outlines the problems derived of the implications of the Core Network features from the support of the PBCCH/PCCCH. A solution to solve these problems is proposed.

3.2 Actions

The following actions are proposed:

a) Standardise the DCCM proposal.

b) Standardise a means to decouple the PBCCH from the Gs interface and thus decouple the PBCCH from the UMTS core network architecture.

c) Work very hard at the interoperability testing of FUTURE features, i.e. increase resources in test production and debugging.

d) Ensure that all class B mobiles have an easy MMI to convert them to ‘voice only’ mode, so that their voice calls can still work if the GPRS part has a problem.
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� This is why Vodafone produced the CRs to permit Location Updates to be sent on the SDCCH. 


� As in Release 99, DTM mobiles in dedicated or dual transfer mode would continue perform the Routeing Area Update on the main DCCH.


� This can be optimised using an extra bit in the Location update request message and an extra bit on the A interface page message. The issue of PBCCH DRX parameters not known by the BSC would need to be solved.
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