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In GERAN#36, it was agreed to ensure that a common solution for the SA2 WID on RED must exist for 2G and 3G networks.  A concern was raised on supporting RED in that the current solution does not solve existing problems in 2G and 3G.  However, given that there is no permanent solution, it proposed that a solution must still be considered for new mobiles.  Mobiles with this feature will eventually replace those already in the market and would complement new features currently being standardised in GERAN.
It has been argued that network planning can be further optimised to avoid mass simultaneous registration and/or location updates.  However, GSM networks suffering from bursty LAUs/RAUs are already optimised, given the limitations on the frequency reuse, real estate premiums, etc.  Furthermore, there is a trade off in the cost in supporting users impacted by the bursty LAUs/RAUs in trains or those living near railway lines/stations versus the creation of redundant network capacity.
Studies of our network, say, in Mumbai, India have shown high SDCCH blocking rate during peak hours and intermittently at certain times of day in areas where trains travel through.  This is the case despite the SDCCH blocking rate of <1% rule is used for network planning.

Mumbai, India Mobile Network Scenario
One of the densest urban areas in India is Mumbai which has a population of 16 million, 70% of which lives in an area of 600 sq km [1]. This corresponds to a population density of about 18667 people per square kilometre.  As of end October 2007, there are 7.93 million GSM subscribers [2].  Therefore the penetration rate is approximately 50% of the Mumbai population.  Note that this does not include domestic and international roaming subscribers. There are four GSM operators in Mumbai and the market share for the largest operator is approximately 40% [3].  Assuming an average cell radius of 0.75 km, thus, the total subscribers for the largest operator would be 6,600 people per cell.
Passenger groups say that on average every square metre of railway carriage accommodates 17 people on each trip [4].  Therefore, based on the above statistics, the average number of people with mobiles subscribed to the largest operator is 3.4 people per square metre of railway carriage.
Now we know the number of people travelling on a train, we can calculate the load on the network caused by these commuters.

Assuming a train travels at a constant speed of 30 miles per hour and the train dimension is 30mx4m per carriage, the number of passengers crossing a LA boundary is 181 per second.

GSM has 50 RACHs per 235ms.  The number of AGCHs needed to support 181 passengers crossing an LA boundary is 181 x 235ms = 43 AGCHs per 51 frame multi-frame (no IA extended).  Note: this figure does not include RAUs.  As a result, if the LAU takes approximately 7 frame of a 51 multiframe (1.5s), the AGCH load would be (7 x 43) 301 per 181 passengers crossing the LA boundary.
As for the limitation on the SDCCH, the total number of SDCCH subchannels available is 15 for a typical cell with 3 to 4 TRXs.  Therefore, the SDCCH capacity is (15 SDCCH per cell ÷ 235 ms per 50 RACH) 64 SDCCH ‘L2 messages’ per second.
The number of SDCCHs in a cell can be expanded (at the expense of TCH capacity) by redimensioning those cells on LA boundaries – although this requires extra operational effort.  However, the AGCH capacity is not as flexible. The original GSM design permits the use of multiple CCCHs per cell (up to 4 on timeslot zero), however, during the post-release 97 discussions on mandatory/optional PBCCH, severe concerns were raised about using more than one CCCH.

The calculations above demonstrate that the AGCH load can be very high and subscribers can experience problems accessing the network.  If the subscribers are lucky enough to access a RACH, there is a high possibility that there will be insufficient SDCCH capacity.  Furthermore, from our network data, the dynamic reconfiguration of the TCH to SDCCH has shown to be ineffective to cope with the sudden LAU/RAU due to (i) the time it takes for the reconfiguration and (ii) the additional SDCCH capacity is still insufficient.

Other load on the Common Control Channels exists – e.g. due to paging, SMS traffic and voice call establishments.  Note that the use of half rate speech implies the cell capacity is more than twice that when using predominantly full rate speech.
Hence, if one train can consume all the control channel capacity, then there will be severe problems in the rest of the cell.

Conclusions
It is proposed that the RED solutions Alternative 1 and Alternative 2 are evaluated by GERAN.  Other alternatives designed for a 2G only system and a common 2G/3G system should also be investigated.
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