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1
Introduction

1.1
Background Information

A study on Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things was approved at GERAN#62, see [1].
The study allows both for an evolution of GSM, to comply with the objectives of the study, and non-backwards compatible solutions by a new system design.

1.2
Reason for change

Performance evaluation for EC-GSM has been shown that motivates the possibility to fully multiplex resources used for data traffic channels between EC-GSM and regular PS users of GPRS and EGPRS. These results have however not yet been included in the TR.
1.3
Summary of change

Results in the TR are included from evaluations on:

· Impact from dynamic UL scheduling of regular GPRS, EGPRS devices together with DL scheduling in extended coverage to EC-GSM devices as shown in [2].
· Overriding of USF bits in the new DL PACCH format to support dynamic UL USF scheduling in DL EC-PACCH blocks addressed to EC-GSM devices.
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6.2.4.4
Multiplexing/De-multiplexing principles 

The introduction of CIoT devices into an existing operating GSM system will not cause any segregation of radio resources used for traffic channels and their associated control channels, and hence the same multiplexing and de-multiplexing principles for non CIoT devices as in current GSM operation still applies. 

The same frame structure, PDTCH/PACCH block format and mapping of blocks onto the physical resources is used for the EC-PDTCH/EC-PACCH as in current GSM operation. 

A new packet control channel for EC-PACCH is defined, where current Stealing Flags signalling (i.e. channel coding and burst mapping) is still used in order to support USF reception and decoding by non CIoT devices. The new packet control channel will not be decodable by legacy devices, but its content is also not of interest. The situation is as with the introduction of GPRS where the content of MCS-1-4 blocks were not decodable by GPRS devices, but the Stealing Flag signalling of CS-4 was re-used for MCS-1-4 to ensure that GPRS devices could read them, and by that also find the USF bits in the same burst positions as in GPRS CS-4. 

In an EC-PDTCH radio block addressed to a CIoT device, a legacy MS will be able to detect and decode the RLC/MAC header, but find that the TFI is not a valid TFI and hence will not proceed to decode the RLC Data block. Similarly for a CIoT device, a legacy MCS block will be decodable in the sense that it will find in the RLC/MAC Header content a TFI not matching the assigned TFI, and will hence not act on the block.

For CIoT devices on the DL, the same multiplexing and de-multiplexing principles of GSM applies. For the UL, a fixed UL allocation is used based on the content of an assignment message received in response to a resource request sent by the CIoT device, see subclause 6.2.3.2.2 or based on the content of a PUAN sent used to indicate one or more UL radio blocks need to be resent.
See subclause 6.2.6.x for link performance evaluation of the multiplexing/de-multiplexing principles.
	Second modification (added subclause)


6.2.6
Concept evaluation

6.2.6.x
Resource multiplexing
To allow for full resource multiplexing of traffic channels between legacy GPRS and EGPRS devices and EC-GSM devices, see more description in subclause 6.2.4.4, the potential issue of impact to DL data performance to an EC-GSM device using repetitions on the DL, while dynamically changing the USF value in the same DL radio block to schedule GPRS or EGPRS devices on the UL has been investigated, see [6.2-a], showing no visible performance degradation of the DL data block. The results are shown in figure 6.2-i.
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Figure 6.2-i. RLC data block performance in extended coverage when varying USF value in each radio block period.
Another aspect of potential performance impact is the overriding of USF bits in the newly defined EC-PACCH block on the DL, see subclause 6.4.4 for description, and subclause 6.2.2.1.2 for the design of the block format. By overriding USF bits, the data block performance is potentially impacted which need to be taken into account when evaluating the performance of EC-PACCH/D in extended coverage. The performance impact has been evaluated in [6.2-b] and is reproduced in figure 6.2-ii.
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Figure 6.2-ii. EC-PACCH/D – CC6, impact on overriding USF bits.
As can be seen, the impact on performance is limited to around 0.2-0.3 dB, which is seen as an acceptable performance degradation, and as can be seen, the coverage improvement target of 20 dB compared to GPRS is still met (black dashed line, defined at -14.3 dB in the UL for EC-GSM). Still, the performance degradation is not ignorable, and overriding of USF bits should be used as baseline configuration in performance evaluations of EC-PACCH, as for example have been done in subclause [6.2.6.y
]
For all simulations, the assumptions in Annex C have been followed.
It is hence concluded that full multiplexing of data traffic channels between legacy GPRS and EGPRS devices and EC-GSM devices can be realized without any, or very limited, performance degradation.
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