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1. Introduction

As evaluated within FS_GERANeMDA [1] instant messaging applications create an imbalance between PDCH and CCCH load characterized by a high CCCH load. Lowering the CCCH utilization by increasing the TBF release delay on the other hand yields a high blocking for all services. 
Considerations are given in this paper to mitigate both the CCCH load and TBF blocking issues arising from IM applications, while considering a generic approach beneficial for the system as a whole. 
2. Problem
A number of mechanisms specified today while offering indisputable benefits (or being simply required) can also trigger a number of issues: 

· Extended UL TBF mode or delayed TBF release increase the PDCH load and may yield blocking;
· Paging, resource request/assignment with IM can severely increase the CCCH load as shown in [1];

· DRX mode increases the delay for TBF establishment, while Non-DRX mode has adverse impact on MS Battery consumption.
Mitigating one problem typically reinforces another one. Given the different nature of PS services, it is also a complex matter to optimize these aspects to suit a particular service – for instance an extensive use of extended UL TBF mode for services with frequent bursty packet transmissions can increase TBF blocking altogether affecting all PS traffic. This was confirmed by our earlier analysis [1] which focused on study of the impact of delayed TBF release on resource utilization. The assumption for the analysis was that longer delays applied before TBFs are released may help in off-loading the load on CCCH channels. Indeed, the simulations have shown that the load on CCCH decreases when TBFs are kept active for longer time, see Figure 4 in [1]. However, we could observe the increase in TBF and call blocking at the same time, see Figure 5 in [1]. The blocking is caused by depletion of resources which prevents the network from assigning new TBFs. While keeping TBFs active is certainly not a bad network behaviour, the network should try to prioritize requests for resources over keeping alive inactive TBFs when resources are depleted.
3. Discussion

To avoid TBF blocking it is necessary for the network to implement some more sophisticated radio resource management mechanisms than simply waiting for a fixed time before TBF is released. These mechanisms can be based on the following principles:

· waiting for resources to become available rather than immediately rejecting the request for TBF establishment (applies to both UL and DL); and

· releasing idle TBFs if resources are needed.

We considered simple mechanisms to improve radio resource management. Firstly, the network may wait for a certain time before it initiates the TBF establishment procedure when it receives a request for downlink data transmission. It shall be noted that this issue was also discussed during GERAN EMDA Telco#4 where it was suggested to include a parameter for LLC PDU life time. Secondly, the network may delay the response to a channel request if resources are not available. The network may even delay the response such that the mobile station performs several retransmissions. However, the network shall reply in time, to prevent random access failure at the mobile station’s side.

The earlier analysis [1] has shown that delayed TBF release can decrease the load on CCCH. When the network starts to release idle TBFs to serve new requests, a part of the CCCH load the network is able to save by applying delayed TBF release is going to drift back to CCCH. This represents a problem to which we propose a solution in this document.
4. Proposal

4.1 General
The proposal herein takes the above issues into account aiming at a solution to better accommodate IM service while providing an overall improvement of the system operation.

Namely the suggestion is to divert CCCH traffic of a mobile station to a PDCH when this mobile station operates in non-DRX mode (i.e. immediately after the radio connection has been released) while in GMM Ready State (i.e. the MS location is known at cell level, the MS has an assigned TLLI). 
In a nutshell, at TBF release the mobile station in packet idle mode remains on a PDCH, under control of the network, and returns to CCCH after some time (Timer X) if no further activity takes place. During that time, any further TBF establishment takes place on the PDCH.
Details are outlined below.
4.2 Timer X

A preferred approach is to map Timer X with non-DRX operation such that the non-DRX parameter on BCCH and the MS-specific parameter in DRX parameters (ATTACH REQUEST) can be reused. – this avoids any new signalling. Noting the time a TBF is released, the BSS can determine whether or not the MS is operating in non-DRX. 

Care should be taken however with the READY timer, given at expiry of the READY timer, the MS may only be paged for PS data. This implies that Timer X must be smaller (or equal) to the READY timer.

Note the following, for information:

T3192 is the timer used by the MS to wait for the release of the downlink TBF. The value of this timer have been observed to range from 0 to 500 ms. The most common value is expected to be from 200 ms to 500 ms.

DRX_TIMER_MAX is the parameter controlling the duration of the non-DRX period during which the mobile station monitors all blocks on CCCH. The value of this parameter in real network had values 64 and 4 seconds. Two of three networks studied broadcast the value 64 seconds.

Non-DRX timer can be “negotiated” with the SGSN along with other DRX parameters. 
4.3 Downlink TBF establishment

Downlink TBF establishment on the PDCH is made with a PACKET DOWNLINK ASSIGNMENT issued by the network on PACCH and addressing the MS with its TLLI – this requires no change to the PACKET DOWNLINK ASSIGNMENT message itself.

4.4 Uplink TBF establishment

TBF establishment on CCCH is rather inefficient – RACH access, followed by contention resolution with transmission of MS RAC. Several handshakes are required between the mobile station and the network. 

When operating in packet idle mode on a PDCH, the above can be improved such that a single handshake is required allowing immediate identification of the mobile station and of its capabilities by the network as shown hereafter.
Requesting an uplink TBF on a PDCH in packet idle mode requires the transmission of a channel request message by the mobile station, using the access burst format. A “RACH”-like channel need then be scheduled on the PDCH – this can be made in a dynamic manner reusing the USF-free principle, or could also be made using a (semi)static approach; in either cases, the PDCH’s “RACH” would be scheduled under control of the network. This “RACH”-like channel is denoted EPRACH below.

So that an improvement is reached vs. CCCH operation, it is proposed that a short identifier be used, assigned by the network, that the mobile station then sends in this channel request message to the network as follows. This identifier provides a one-to-one mapping with the mobile station’s TLLI for the duration of Timer X, and must fit within the access burst format (both 8-bit and 11-bit formats). While the bit space in the access burst is limited, it is necessary however to ensure that this identifier be large enough to avoid artificial restrictions; this identifier should then be unique on a PDCH only, such that it would uniquely identify the mobile station on this PDCH alone. This allows identifying a reasonable amount of individual mobile stations for any PDCH with a minimum number of bits. A 5-bit identifier is proposed below. Contrary to RACH, no random bits are thus needed.  It should also be noted that the cause values in this channel request message would all be available. There is enough space in the 11-bit format message to introduce separate causes for signalling and user data transmission in RLC acknowledged or unacknowledged mode. This message is illustrated below for the 11-bit and the 8-bit formats, respectively. “Fast Packet Channel Request” is used to distinguish it from the channel request / EGPRS packet channel request messages:
	< Fast Packet Channel Request message content > ::=


< Fast Access Request Data RLC AM :

0000 
< EPRACH MS ID : bit (5) >








< Priority : bit (2) > >

| < Fast Access Request Data RLC UAM :
0001
< EPRACH MS ID : bit (5) >








< Priority : bit (2) > >

| < Fast Access Request Signalling :

001000
< EPRACH MS ID : bit (5) >;




	< Fast Packet Channel Request message content > ::=


< Fast Access Request :
0
< EPRACH MS ID : bit (5) >






< Priority : bit (2) > >;




It is under further consideration whether 4-bit identifier would be sufficient provided the uniqueness per PDCH is preserved. The 4-bit EPRACH MS ID would allow the Fast Packet Channel Request to convey PFI (7 bits) along with 4-bit EPRACH MS ID. The BSS should be able to make more accurate resource allocation based on the received PFI. 

The 8-bit format would allow for introduction of cause for signalling. However, distinct causes for RLC AM and RLC UAM are not possible with the 8-bit format. This means that the mobile station will have to request RLC mode change by sending the PACKET RESOURCE REQUEST message.

The network upon reception of the Fast Packet Channel Request message on a PDCH can then by way of this identifier immediately complete contention resolution and assign resources to the mobile station. The uplink TBF can be assigned using the PACKET UPLINK ASSIGNMENT message including the mobile station’s TLLI, thus, as was the case with the PACKET DOWNLINK ASSIGNMENT message, no changes are needed to the PACKET UPLINK ASSIGNMENT message either.
4.5 BCCH Monitoring
Operating in packet idle mode on a PDCH requires careful consideration of the BCCH monitoring by the mobile station.
As currently specified [2], a mobile station in packet idle mode shall supervise the BCCH_CHANGE_MARK in SI13 and perform an update of the BCCH information accordingly. For this purpose, the mobile station shall attempt to receive SI13 at least every 30 seconds. Mobile stations may also receive the relevant information in PSI13 on PACCH, which should be taken into the account when the mobile station enters packet idle mode. If the mobile station has not received either SI13 or PSI13 within the last 30 seconds, it shall attempt to receive SI13 each time it is scheduled on BCCH [4].

The above requirements must be kept for the mobile station during the time it monitors the PDCH. When required by the rules for monitoring BCCH information, the mobile station reads BCCH block instead of PDCH blocks. The network can take this information into account so as not to schedule downlink messages and allocate EPRACH during the period when SI13 is scheduled on BCCH.

4.6 RR Connection establishment (CS)
While in packet idle mode on a PDCH, the mobile station should not be prevented to: receive CS pages (MT) or establish an RR connection (MO.
4.6.1 Mobile-originated

When there is a mobile originated call, it is proposed that the mobile station stops receiving blocks on the PDCH without notifying the network and initiates RR connection establishment on CCCH as specified in [3].

4.6.2 Mobile-terminated
If it proposed that CS pages are not sent on the PDCH but are sent as today on CCCH. This implies the MS will have to monitor blocks of its paging group on CCCH while it is also monitoring blocks on the PDCH. The consequence of doing so is such that the MS is required to attempt to receive blocks on CCCH and PDCH during one radio block period. There may be configuration when this is not possible, e.g. PDCH is allocated on TN0 of non-BCCH carrier. The BSS can avoid such configuration or it can also take into account the CCCH monitoring when scheduling blocks on the PDCH and EPRACH. 

5. BENEFITS

The benefits of the proposal above are multi-fold:

· Offloading of CCCH

· Faster uplink TBF establishment

· Less signalling

· Reuse of existing messages without any changes (PACKET DOWNLINK ASSIGNMENT, PACKET UPLINK ASSIGNMENT)

Besides these, the proposal also requires careful consideration for CS paging on CCCH, and for BCCH monitoring.

6. Evaluation

The performance evaluation of the proposal is necessary to quantify the benefits above.

6.1 Simulation assumptions

The simulation results presented in this document were obtained with a system level simulator. The network model implements radio resource management if no resources are available (the blocking would occur otherwise) as discussed in section 3:

· the network waits for 1 second for DL resource to become available;

· the network delays the assignment reject and waits for UL resource to become available; and

· if no resource is available after the waiting period, the network releases idle TBF in DL.

Immediate Packet Assignment was implemented and used in the simulations with 50% penetration of supporting mobile stations.

The network parameters were configured according to [4]. Other parameters used by the network are shown in Table 1.

Table 1 - Network parameters
	Parameter

	Value

	Non-DRX mode period
	8 s

	Extended UL TBF mode / Delayed release of DL TBF
	2 s

	Waiting for DL resources
	1 s

	Delayed reply in UL if no resources
	enabled

	Releasing of idle TBFs when resources are needed
	enabled


The load in the system was generated by the IM model using the latest agreed parameters [4]. Three load points were simulated:

· 32 000 users in the network, about 186 active IM sessions/cell, DL offered load 21.4 kbit/s/cell
· 34 000 users in the network, about 198 active IM sessions/cell, DL offered load 22.8 kbit/s/cell
· 43 000 users in the network, about 251 active IM sessions/cell, DL offered load 28.7 kbit/s/cell
TBF establishment:

· norm – using CCCH, reference

· fast – as per the proposal in this document. This is referred to as Fast TBF Re-establishment hereafer. 
EPRACH scheduling:

· 1 block (4 EPRACH bursts) per 52-multiframe, 240 ms

6.2 Channel utilization
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Figure 1 - Channel utilization
The following can be observed:

· FTR has no impact on PCH given the operation within the boundaries of the non-DRX timer

· Note that in 43k cases, the PCH was slightly overloaded, there were on average 70 paging requests in the queue (those would be serviced within 2 s with the current setup)

· FTR decreases AGCH usage by 25% (at 50% IPA penetration) in all load points (higher gains could be expected with no IPA)
· NOTE: CCCH load is the total load on CCCH (AGCH and PCH combined, weighted average)

6.3 TBF and IM Session Blocking

[image: image2.emf]0

0.02

0.04

0.06

0.08

0.1

0.12

0.14

32k norm 32k fast 34k norm 34k fast 43k norm 43k fast

%

DL TBF blk

UL TBF blk

blocked


Figure 2 - TBF and IM Session Blocking
“blocked” refers to the proportion of blocked calls due to IM session blocking. As shown, this figure is reduced consistently with the proposal, although at a very low level (see the scale). 
An increase of UL TBF blocking can be seen in the 43k case due to the resource usage for the EPRACH. The figure however remains however very low (0.12%). The figure below is copied from [1]. Although the TBF and IM session figures cannot be compared directly as the earlier simulations were done at load point of 25 000 users (about 150 active IM sessions per cell), it can be seen that the blocking rate is negligible in the system using the discussed radio resource management mechanisms and fast TBF re-establishment.
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Figure 3 - TBF and IM Session Blocking with no enhancements [1]
6.4 Load on uplink control channels
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Figure 4 - Load on uplink control channels
These results show that the EPRACH scheduling period could be longer, though this would prolong the access duration in non-DRX period and increase EPRACH collision probability.

FTR reduces RACH usage by 18 to 20% in this set-up.

6.5 IM User Message Drop Rate
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Figure 5 - IM User Message Drop Rate
This figure mimics the TBF blocking statistics shown above. 

The message drop can only occur due to blocked TBF because any decoding errors are solved by RLC acknowledged mode
7. Conclusions

As was simulated in [1], lowering the CCCH load due to IM services was made possible when increasing the TBF release delay. This however triggered a severe blocking for both PS and CS traffic. 

A different approach is presented in this paper. We combined radio resource management techniques, which we assume to be rather simple and in some variants common in the current networks, with the fast TBF re-establishment on PDCH, which benefits are offloading CCCH, faster UL TBF establishment and less signalling. This approach not only yields a noticeable decrease of CCCH load in particular on the RACH and AGCH, but also keeps blocking figures extremely low. 
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