3GPP TSG GERAN#66






















     
 GP-150635
Vilnius, Lithuania


















Agenda items 7.1.5.3.5, 7.2.5.3.4
25th – 28th May, 2015



















  (Revision of GP-150593)
Source: Ericsson LM


Pseudo CR 45.820 – EC-GSM, Impact on GSM/EDGE BTS
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

Detailed information on the compatibility between EC-GSM and GSM/EDGE is currently missing in the TR 45.820 [2].
1.3
Summary of change

 A new subclause 6.2.1.4.1 is added where the impact on GSM/EDGE BTS is introduced.
1.4
References

[1]

GP-140421, “Cellular System Support for Ultra Low Complexity and Low Throughput Internet of Things”, source VODAFONE Group Plc. GERAN#62
[2]

 “TR 45.820 v1.2.0 as basis for future work”, source Rapporteur.
pCR to 3GPP TR 45.820-v1.2.0
	First modification 


6.2.1.2
Backwards compatibility and co-existence with GSM

The intention with re-using design principles in GSM is to allow for support of these new CIoT devices in existing GSM deployments, multiplexing traffic from legacy GSM devices and CIoT devices on the same physical channels. 

The common control channels (CCCH) for EC-GSM need to be re-designed to support a broadcast carrier reaching also devices in extended coverage. The EC-CCCH for EC-GSM is mapped onto TS1 on the BCCH carrier, with an exception for the EC-RACH that can be mapped on TS0 and/or TS1.
Re-using existing physical layer design ensures no impact on the radio units supporting GSM already deployed in the field, as explained in subclause 6.2.1.2.1. 


Re-using the existing design also allows the physical layer to support device speed the same as supported today (in normal coverage).

	Second modification [New sub-clause]


6.2.1.2.1
Impact on GSM/EDGE BTS hardware
The modifications required to GSM/EDGE BTS functionality to support EC-GSM can be divided into modifications to the receiver side and to the transmitter side.
For both the transmitter and the receiver, a continuous phase trajectory is needed over consecutive bursts being subject to blind retransmissions. This is not considered to have an impact on the BTS. Continuous phase trajectory is not expected between bursts using different frequency in case of frequency hopping.
For the transmitter side the main modifications can be summarized as:
-
Introduction of a negative modulation index for GMSK in case of EC-SCH

-
Support of a new single burst DL packet control channel format for PCH, AGCH and PACCH.
The justification of these changes and the expected impact foreseen for each of the modifications are listed in table 6.2-1.
Table 6.2-1. New functionality in the EC-GSM transmitter.
	Functionality
	Justification
	Impact

	EC-SCH with negative GMSK modulation index
	Support of GMSK with negative modulation index for EC-SCH allows for blind detection of even and odd 51-multiframes to facilitate a compressed Reduced Frame Number to be conveyed. See subclause 6.2.2.2.1.
	GMSK with negative modulation index   can be implemented by applying the complex conjugate to the output from the legacy GMSK modulator.



	New DL packet control format
	A new packet control format for PCH, AGCH and PACCH is defined to support extended coverage. See subclause 6.2.2.1.2.
	New burst formats are supported by existing EGPRS 1/3 mother code and CRC polynomial (see TS 45.003 [12]).
Reusing already supported code formats secure that minimal impact is achieved.


The timeslot structure using timeslot length of 156 and 157 symbol duration, see 3GPP TS 45.010, subclause 5.7 is mandated to be used by the BTS. 
For the receiver side the modifications can be summarized as;
-
Use of only chase combining for MCS-1 and MCS-2 and reduced RLC window size.

-
Blind IQ combination of received burst samples.

-
Detection and compensation of frequency offset.

-
Introduction of Overlaid CDMA to support improved UL capacity.

-
Introduction of unique training sequence codes per coverage class (CC), and normal burst for the Random access.
The justification of these changes and the expected impact foreseen for each of the modifications are listed in table 6.2-2.


Table 6.2-2. New functionality in the EC-GSM receiver.
	Functionality
	Justification
	Impact

	Reduced RLC window size and MCS-1/2 chase combining 
	EGPRS supports a RLC window size up to 1024 and IR for all MCS. The expected small message sizes for IoT application supports a reduced window size of 16 RLC blocks. See subclause 6.2.4.9.1.
In extended coverage IR performance has been shown to provide small gains compared to chase combining. See subclause 6.2.4.5.
	The impact from reducing the window size and support of IR to chase combining is a reduced memory requirement of ~600 kbits and ~1.9 Msofts. 
 

	Blind IQ combination
	The EC-GSM receiver performs blind IQ combination until the SNR has improved to the point where the legacy receiver chain, i.e. estimation and equalization blocks, can be activated. This is a fundamental mechanism for EC-GSM to achieve extended coverage. See 6.2.1.2.

	During the blind IQ combination process the legacy receive chain remains inactive and processing as well as memory capacity is made available. To understand the resources made available consider that;
A legacy receiver capable of e.g. EGPRS-2A supports 223,000 operations per TS only for the trellis equalizer.
A legacy receiver capable of e.g. VAMOS FR supports an interleaving memory of at least 2x12x58=1392 soft bits per TS.
In comparison to these considerations the actual IQ accumulation introduces a marginal effort, as it is merely a complex addition of the number of complex samples representing a burst.

	Detection and compensation of frequency offset
	To secure that consecutive IQ bursts are combined coherently a method for detecting and correcting UL frequency offsets is needed.

	A simplistic, yet efficient, method for frequency offset estimation between a pair of burst requires 1246 additions or multiplications. This can be considered minimal in relation to computational power made available due to the low duty cycle of EC-GSM, as mentioned in the previous row.
Memory wise at most the storage of 16 EC-RACH bursts, i.e. 16x156 = 2496 IQ samples is needed to facilitate the frequency estimation. In relation to the memory made available due to inactivity of the legacy receive chain, and made available due to reduced RLC window size this can be considered as constituting a minimal overhead.

	Overlaid CDMA
	An overlaid CDMA technique is used to increase UL capacity, by multiplexing up to 4 users on the same ARFCN, frame number and TS. Orthogonality between multiplexed users is achieved through orthogonal code. See subclause 6.2.3.1.3.
	After IQ accumulation, the equalization of the multiplexed users is facilitated since at most 4 parallel users are supported. A legacy receiver should already today support equalization of two users multiplexed on VAMOS sub-channels. In addition to this the load sharing over multiple TS is possible, due to low EC-GSM duty rate.

Only GMSK modulated MCSs are considered for extended coverage, significantly reducing the equalization effort and soft buffer sizes needed to be maintained. MCS-1 interleaving memory for 3 users equalized in parallel will require 3x4x116 = 1392 soft bits, i.e. no more than what the legacy receiver already today supports for VAMOS on a single TS. Then taking the receiver low duty cycle into account it is clear that 4 OL CDMA users can be supported with minimal impact on the legacy receiver. 

	Unique training sequence codes per coverage class (CC) for the Random access
	Each coverage class will be allocated a TSC to distinguish between different users trying to access the system. Different TSC´s will also be used to indicate the supported capabilities for the device i.e. a MCS-1-4 capable device or a MCS-1-9 capable. See subclause 6.2.4.6.3.
	By assuming three coverage classes supported on the EC-RACH the complexity compared to the legacy baseline is, estimated to;
-    Expected number of access decoding attempts will vary from +15% to -85%.
-    Expected number of access TSC detection and synchronization attempts will vary from +10% to --90%.
The variation is dependent on if CC1 devices are supported on TS0 or not.
The impact on the overall system access load can hence be considered minimal.


sub 
Based on the summary provided in tables 6.2-1 and 6.2-2 it can be conclude that the impact from EC-GSM on GSM/EDGE BTS computational complexity and memory requirements are justified, can be considered minimal and that no impact on GSM/EDGE BTS hardware is foreseen.
For details on the information summarized in the above tables see GP-150429, "EC-GSM, On the impact to legacy GSM/EDGE Base stations", source Ericsson LM, GERAN#66 [6.2-10].
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