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pCR to 43.802 – Radio Resource Management and Fast TBF Re-establishment
1. Introduction
1.1 Background

The objective of GERANEMDA study item is to study the GERAN system suitability for mobile data applications such as IM chatting and WWW browsing. The studies [1]

 REF _Ref349049881 \r \h 
[2] show that the GERAN system may experience high TBF blocking rates if radio resources are not managed efficiently in a proactive manner. If the network releases idle TBFs upon the reception of channel request, the TBF blocking can be eliminated. This can be seen from the simulation results which compare two scenarios. In the first scenario, the idle TBFs are not released until the TBF is idle for a given time period (e.g. 2 seconds or 4 seconds were used in the simulations). In the second scenario, the network releases an idle TBF when it receives a request for data transmission, i.e. a channel request in case of UL or there is incoming DL data from the core network. One could expect that such proactive radio resource management would significantly increase the amount of signalling on CCCH. However, the CCCH load increased only by marginal amount (1%) during the simulations. Nonetheless, we propose to include in the technical report also a method we refer to as the fast TBF re-establishment. This method is capable of off-loading CCCH load to PDCH resource during non-DRX period. The simulations show reduction of CCCH load between 25% to 28%.
The pCR in includes an updated simulations results. It should be noted that [1]

 REF _Ref349049881 \r \h 
[2] reported TBF blocking figures higher than the figures which can be seen in the pCR. The reason is that not all request for data transmission triggered a release of idle TBF in the earlier simulations. This has been changed (fixed) and the scenarios were simulated again.
1.2 Reason for Change

The sourcing company believes that important facts were discovered during the GERANEMDA study which shall be documented in the technical report.
1.3 Summary of Changes
Section 7.1 of the TR is updated with the description of studied radio resource management approach together with the fast TBF re-establishment method. The performed simulations are outlined and the simulation results included.
2. PCR
First Change

7.1
Radio Resource Management and Fast TBF Re-establishment
7.1.1
Concept description


TBF blocking probability is the indicator of network saturation. The network may experience an increase in TBF blocking rate with no or a marginal change in the utilization of packet data channels. This situation occurs when the network delays the release of active TBFs using the delayed release of downlink TBF and the extended uplink TBF mode mechanisms. This is referred further as a passive radio resource management. The delayed release of downlink TBF and the extended uplink TBF mode mechanisms improve the system performance which is undisputable. However, the network should release inactive TBFs when it is saturated. If not doing so, requests for new resources cannot be served and the TBF blocking rate is increasing.

It is recommended that the network close to the saturation should prioritize new requests for packet switched resources and release inactive TBFs sooner than when it operates below the saturation point. This is a forced TBF release which would not occur if the network is not operating close to the saturation. Hereafter, this approach is referred as an active radio resource management. Any details of such implementation are out of the scope of this document. 
The forced TBF release may increase the load on common control channels when recently released TBF needs to be re-established because of data transmission request received from upper layer protocols. The fast TBF re-establishment mechanism addresses this issue by providing a mechanism to establish an uplink or a downlink TBF on PDCH during non-DRX period instead of using CCCH resource for this purpose. Not all BCCH/CCCH can be avoided. Therefore, the mobile station using the fast TBF re-establishment procedure shall listen to the assigned PDCH except the times when it shall attempt decoding of SI13 message or blocks on its paging channel. The exception of paging channel monitoring simplifies the proposal as some PS and CS coordination would be necessary in order to deliver paging messages for CS connection on the assigned PDCH.
If the fast TBF re-establishment procedure is used, the mobile station in non-DRX mode (i.e. the mobile station which just entered idle mode) remains listening to a single PDCH indicated at TBF release by the network. The network also assigns a temporal unique MS identifier (e.g. 5 bit long MS temporal identity) along with the PDCH, which the mobile station shall use with the uplink resource request during the fast TBF re-establishment procedure. 
The downlink TBF assignment procedure is identical to the current CCCH procedure only difference is that the control signalling occurs on the assigned PDCH. The network sends the downlink TBF assignment message on the assigned PDCH addressing the MS by TLLI.
The uplink TBF assignment procedure is initiated by the mobile station which transmits a request message using RACH burst format. The network uses predefined USF value to allocate the uplink resource for this new RACH like channel (ePRACH). The request message includes the temporal unique MS identifier and there is no need for any further contention resolution procedure. It is also proposed that the network keeps the mobile station context (e.g. MS radio access capabilities) during the non-DRX period. Thus there is no need for acquisition of this information during the procedure. The network responses to the request by sending the uplink TBF assignment message addressing the mobile station by TLLI.
7.1.2
Performance gains

7.1.2.1
Simulation parameters

The performance gains were evaluated for the mixed traffic scenario. The evaluation was done with a system level simulator where the offered load of the WWW model was kept constant (DL offered load: 28.9 kbit/s/cell, UL: 5.9 kbit/s/cell). The offered load of the IM model was set as follows

- 24k: 24k IM users generating DL offered load of 15.7 kbit/s/cell and UL offered load of 12.1 kbit/s/cell
- 26k: 26k IM users generating DL offered load of 17 kbit/s/cell and UL offered load of 13.1 kbit/s/cell

- 28k: 28k IM users generating DL offered load of 18.2 kbit/s/cell and UL offered load of 14.1 kbit/s/cell

The radio resource management methods are proprietary and vendor specific. The following key functions where used as part of the radio management policies in the simulations

- the network waits for 2 seconds for free radio resources if the resources are not available at the time of the request for DL data transmission
- the network delays the rejection of the request for UL data transmission (UL TBF), i.e. the network does not responds to the radio resource request by rejecting immediately

- idle TBFs (TBFs in the extended UL TBF mode and the delayed DL TBF mode) are released if there are pending UL/DL requests
Additional simulation parameters not mention in sub-clause 6.1 are listed in table 7.1.2.1.

Table 7.1.2.1.1: Simulation parameters

	Parameter
	Description

	Immediate Packet Assignment
	Capable terminal penetration 50% 

	Delayed TBF release (UL and DL)
	2 or 4 seconds

	TBF establishment
	- norm – signalling on CCCH

- FTR – signalling on PDCH during non-DRX period (as per the proposal)

	Non-DRX period
	8 seconds

	ePRACH allocation
	1 block (MS selects randomly one of four bursts) per 52-multiframe


7.1.2.2
Channel Utilization

The difference in the channel utilization on PDCH and CCCH is marginal between the active radio resource management and the passive radio resource management. The fast TBF re-establishment reduces load on CCCH by 25-28% for the active and passive radio resource management.
[image: image1.emf]28

21

30

22

32

23

75

75

78

78

81

81

0

10

20

30

40

50

60

70

80

90

24k norm 24k FTR 26k norm 26k FTR 28k norm 28k FTR

%

DL PDCH

UL PDCH

AGCH

PCH

CCCH


Figure 7.1.2.2.1: Channel utilization with the passive RR management
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Figure 7.1.2.2.2: Channel utilization with the active RR management
The fast TBF re-establishment also reduces the utilization of RACH and ePRACH, which is allocated by the network with frequency of 1 block per 52-multiframe, see Figure 7.1.2.2.3. It should be noted that the network should not use a fixed frequency of ePRACH scheduling  but the scheduling should be depending on actual load observed on the channel and number of mobile station in non-DRX mode listening to that channel. 
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Figure 7.1.2.2.3: RACH and ePRACH utilization
7.1.2.3
Blocking

The active radio resource management eliminates the TBF blocking in the system as can be seen on Figure 7.1.2.3.2. The fast TBF re-establishment has no impact on the blocking but it can help to reduce the load on CCCH.
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Figure 7.1.2.3.1: TBF and IM session blocking with the passive RR management
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Figure 7.1.2.3.2: TBF and IM session blocking with the active RR management

7.1.2.4
Service metrics

The loss of login message which causes IM model blocking is shown along with TBF blocking on Figure 7.1.2.3.1 and 7.1.2.3.2. There is clear relation between the TBF blocking rate and the login message loss. The active radio resource management eliminates TBF blocking and thus also the IM model (session) blocking. However, Figure 7.1.2.3.2 shows that very small portion of login and as well as user messages (see Figure 7.1.2.4.1), are lost. It is assumed that this is caused by handover modelling when LLC buffers are reset.
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Figure 7.1.2.4.1: IM message loss with the passive RR management
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Figure 7.1.2.4.2: IM message loss with the active RR management

The radio resource management policy or and the fast TBF re-establishment have no impact on the IM message delivery times. Also the delivery times are not dependent on the load in the system. Obviously, the same also applies to the packet call throughput measured for the WWW model, see Figure 7.1.2.4.4.
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Figure 7.1.2.4.3: IM message delivery times with the active RR management
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Figure 7.1.2.4.3: Packet call throughput with the active RR management

7.1.3
Impacts to GERAN system
7.1.3.1
Impacts to the Mobile Station

The active radio resource management has no impact on the mobile station.

The fast TBF re-establishment is a new RLC procedure, which would need to be implemented.
7.1.3.2
Impacts to the BSS

The radio resource management is network’s internal implementation. The BSS should implement similar radio resource management as to the one described in this proposal.

The fast TBF re-establishment is a new RLC procedure, which would need to be implemented.

7.1.3.3
Impacts to the specification

The active radio resource management evaluated in this proposal was implemented according to the current specification. Therefore, there are no impacts on the specification.

The proposal of fast TBF re-establishment, which reduces the load on CCCH, requires a new RLC procedure to be specified in 3GPP TS 44.060. Changes to 3GPP TS 44.018 might be needed too.
End of Changes
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