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EC-GSM, On the impact to legacy GSM/EDGE Base stations
[bookmark: _Ref396137062]Introduction
The study on Cellular System Support for Ultra Low Complexity and Low Throughput (FS_IoT_LC) contains a set of performance objectives as well as a set of compatibility objectives. Among the latter belongs the objective to “Minimize impacts to the GPRS/EDGE base station hardware” [1]. 
The intention of this contribution is to continue the discussion started at the 2nd FS_IoT_LC Adhoc meeting on the impact from EC-GSM on legacy GSM/EDGE base stations (BTS). The intention is especially to address the comments received that the meeting on GPC150194 EC-GSM, On the impact to legacy GSM/EDGE base stations [7].
This is an update of [7] and all major updates have been highlighted in red. 
Impact from EC-GSM to GSM/EDGE BTS
Transmitter
EC-GSM is intended as a straight forward evolution of EGPRS to achieve the performance objectives listed in [1]. The introduced changes in the BS are kept at a minimum, and can at the transmitter side be summarized as follows;
· Introduction of a negative modulation index for GMSK in case of EC-SCH [2].
· A new single burst packet control channel format on the DL, for PCH, AGCH and PACCH [2].
In addition to this it was noted during the discussion 2nd FS_IoT_LC Adhoc that; 
· The BTS may, or may not, ramp the power up and down between adjacent bursts, see TS45.003, subclause 5.2.8 [8].
· The BTS may use an equal TS length within the TDMA frame of 156.25 symbol, or using both 156 and 157 symbols within the frame, in accordance with TS45.010, subclause 5.7 [9].
· Both in case of the MS and the BTS, the modulator output phase is unspecified, see TS45.004, subclause 2.2 [10].
[bookmark: _GoBack]It’s the view of the sourcing company that power ramping or not should not matter in the case for EC-GSM and the specification may remain as is. In case of the TS length, a fixed TS structure is needed to facilitate blind accumulation so the alternative with equal TS duration within the TDMA frame specified in TS 45.010 should be mandated for EC-GSM. Finally on the output phase of the modulator, it is clear that TS 45.004, subclause 2.2 needs to be updated to reflect that a continuous phase trajectory is needed over consecutive bursts within a TDMA frame being subject to blind accumulation at the receiver side. The sourcing company does not consider this to have an impact on the BTS. Continuous phase trajectory is not expected between bursts using the same frequency in case of frequency hopping. 
Negative modulation index
The negative index GMSK modulation signal y(t) can e.g. be achieved with minimal effort by applying the complex conjugate to the output x(t) from the legacy GMSK modulator; 
.
Alternatively, the bits of the block to be modulated can be flipped by for example an XOR operation.
New burst formats
The new burst formats are reusing the existing functionalities.  The proposed 1/3 mother code and the CRC polynomial are already defined in TS 45.003 [3] as part of the EGPRS specifications.
Receiver
At the receiver side, the changes are summarized as follows. 
· Use of only chase combining for MCS-1 and -2 and reduced RLC window size [4].
· Blind IQ combination of burst sample.
· Detection and compensation of frequency offset.
· Introduction of Overlaid CDMA to support improved UL capacity [5].
· Introduction of unique training sequence codes per coverage class (CC) for the Random access [6].
· Normal burst (NB) for Random access [2].
At the first glance, the changes at the receiver side seem to be more comprehensive than at the transmitter side. However, at a closer look, it will become clear that the expected impact from each of the above items to the EGPRS receiver implementation is small, and we discuss this in details in the sub sections below.
[bookmark: _Ref416808737][bookmark: _Ref416775129]Chase combining and reduced RLC window size
EC-GSM will, when compared to EGPRS, significantly reduce RLC window size and replace type-II HARQ with Chase combining for MCS-1 and MCS-2. As presented in [4], for a given TBF this reduces the RLC buffer requirement from ~76 kbytes to 700 bytes, i.e. with 602.4 kbits. The soft buffer requirement is reduced from 1.9 Msofts to 5.9 ksofts, i.e. with 1894 ksofts.
[bookmark: _Ref416829228]IQ combination
The concept of blind repetitions, wherein the receiver coherently combines the IQ samples from repeated bursts, is the fundamental mechanism in EC-GSM for achieving extended coverage. 
The receiver performs the 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 illustrated below with an example where blind repetition is performed over 4 TS, and the entire demodulator is first active at the final TS3.
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[bookmark: _Ref416773928]Figure 1 Example of activation of different parts of receive chain in legacy GSM (top), and EC-GSM (bottom).
The inactivity of the legacy receive chain frees processing capacity to cater for the IQ accumulation and frequency offset correction algorithm presented in section 2.2.3. In TR 45.860 Signal Precoding Enhancements for EGPRS2 DL, section 6.6.2, it is e.g. assumed that only the equalization of an EGPRS-2A burst requires 223,000 operations per burst [12]. In comparison to this the actual IQ accumulation introduces a marginal effort, as it is merely a complex addition of the number of complex samples representing a burst.
The inactivity also makes memory available that otherwise would be consumed during equalization and decoding process. Consider e.g. the interleaving memory required for VAMOS FR, where two parallel sub-channels are facilitated for. Per sub-channel a FR speech frame is interleaved over 8 bursts halves. Due to the diagonal interleaving the BTS must be able to provide memory to store the equalizer soft bits from 1.5 speech frames, or 12 burst halves, each containing 58 symbols. So in total 2x12x58 = 1392 soft bits memory per TS must be available to support VAMOS FR. In the above example of Figure 1 from 4 TS totally 4x1392 = 5568 soft bits would be available for storing bursts in the IQ domain. Memory wise, the requirement for EC-GSM is determined by the frequency offset correction algorithm presented in section 2.2.3. 
[bookmark: _Ref419466061]Frequency offset correction
To secure that consecutive bursts are combined coherently a method for detecting and correcting UL frequency offsets, caused e.g. by a frequency estimation error in the device, is needed. For EC-GSM a low complexity implementation based on the observation that a frequency offset leads to a constant phase drift over a burst is used. As an example, the equation below shows the principle of estimating a phase shift  caused by a constant frequency offset  over two consecutive bursts b, and b+1, where  is the true phase drift over the time duration of a burst, and w and z represent noise/interference.


The above method requires per burst pair 156 complex multiplications and 155 complex additions. It is assumed that a complex multiplication is equivalent to 6 real additions and multiplications, while a complex addition is considered equivalent to 2 real additions. So in total 156x6+155x2 = 1246 additions or multiplications are performed per stored burst pair.
In the light of the processing power made available through the inactivity of the legacy receive chain, consider e.g. the EGPRS-2A equalizer 223,000 operations per burst mentioned in [12],  it is clear that the proposed frequency offset correction method introduces negligible computational overhead. 
Memory wise EC-GSM frequency offset detection requires at most the storage of 16 EC-RACH bursts, i.e. 16x156 = 2496 IQ samples. Memory made available due to inactivity of the legacy receive chain, consider e.g. the mentioned 1392 soft bits interleaving memory, and made available due to reduced RLC window size, i.e. 602.4 kbits and 1894 ksofts, more than facilitates this requirement.
[bookmark: _Ref416776846]Overlaid CDMA
The overlaid CDMA technique is used to increase UL capacity, and allows multiplexing of multiple users on the same physical channel through orthogonal code sequences. The code sequence elements correspond to phase shifts to each transmitted burst. At the BTS receiver side, the received blocks are phase shifted according to the complex conjugate of the same code sequence, followed by addition of the received samples. This will result in coherent accumulation of the desired signal and cancellation of the others. By applying different code sequences on the receiver side, the signals from the different users can be separated [5].
The complexity of phase shifts when combining bursts are seen negligible.  After IQ accumulation, the equalization of the multiplexed users is facilitated since at most 4 parallel users, with a code used within a TDMA frame, are intended to be supported for EC-GSM. 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 of as exemplified in Figure 1. It can also be noted that the number of sub-channels used on a specific channel is under network control.
It is further so that only GMSK modulated MCSs are considered for extended coverage, significantly reducing the equalization effort and soft buffer sizes needed to be maintained. Again let’s consider the interleaving memory. MCS-1 is interleaved over 4 burst, so from a memory perspective 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 inactivity of the receiver chain into account it is clear that 4 OL CDMA users can be supported with minimal impact on the legacy receiver. 
Random access
In the TR 45.820 [2] the usage of normal burst, access burst, and different TSCs for the same on TS0 and TS1, is under the assumption of supporting six coverage classes (CC), summarizes as; 
“The TSC usage on TS0 for EC-GSM devices is therefore proposed to be:
· 1 TSC for 8 bit access (legacy devices only) 
· 1 TSC for NB access 
· 1 TSC for AB access MCS-1-4  
· 1 TSC for AB access MCS-1-9  
 The TSC usage on TS1 for EC-GSM devices is proposed to be:
-	3 TSC's for CC1: 
-	1 TSC for NB access
-	1 TSC for AB access + MCS-1-4 support 
-	1 TSC for AB access + MCS-1-9 support
-	10 TSC's for CC2 to CC6: 
-	1 TSC per coverage class for AB access 
-	1 TSC per coverage class for NB access”
As a device is only permitted to access using TDMA frames specific to its coverage class the detection of burst type and TSC is condensed into the following use cases;
· four TSC's to detect among on TS0, 
· up to three TSC's to detect among on TS1 for CC1 devices, and,
· up to two TSC's to detect among on TS1 for each of CC2 through CC6. 
Today, the RACH receiver in the BTS needs to detect between three different TSCs used on TS0 (one 8-bit access, and two different 11-bit accesses). 
Furthermore, all accesses can arrive at the BTS within a window of around 70 symbols. Hence the BTS need to detect the arrival of the access bursts using a quite extensive synchronization window.
For the normal burst used on the EC-RACH, the situation is vastly different, in that the burst is only used when the Timing Advance is known, or when the device is in a small cell where the propagation delay is limited, resulting in a synchronization window of a few symbols.
Hence, although there is the addition of a TSC on TS0, going from three to four, the fourth TSC is limited in its synchronization window from around 70 symbols to, let’s say 7 symbols. Also, the synchronization symbols are reduced from 41 to 26. Hence, the additional complexity to support one more access burst on TS0 is limited. And then since the NB access is an optional function in EC-GSM, a decision not to support it would entirely remove the impact on TS0.
On TS1, when supporting six coverage classes, the number of decoding attempts per TDMA frame is (102+50+24+12+6+3)/102=1.93 due to the different coverage classes and the frame structure of the access attempts, see subclause 6.2.4.2.7 in [2]. The number of coverage classes on the EC-RACH is investigated in [13]. It is shown that reducing the number of coverage classes from six to three ha modest negative impact on performance. For three coverage classes, using 1, 8 and 32 blind transmissions, the number of decoding attempts is reduced to (102+12+3)/102=1.15 per TDMA frame. As an alternative CC1 can be supported only on TS0 leading to (50+24+12+6+3)/102=0.93 decoding attempts per TDMA frame for CC2 to 6. I.e. a reduction compared to the legacy case on TS0.
Table 1 Summary of EC-GSM random access decoding attempts.
	
	EGPRS reference
	EC-GSM,
CC1-CC6
	EC-GSM,
CC1, CC2 & CC3
	EC-GSM,
CC2-CC6
	EC-GSM,
CC2, CC3

	Decoding attempts per TDMA frame
	1
	1.93
	1.15
	0.93
	0.15

	Change compared to EGPRS reference
	-
	+93%
	+15%
	-7%
	-85%



For all coverage classes except CC1, only two different training sequences are used (compared to three today), and one of them is the normal burst, with reduced synchronization window and reduced synchronization sequence. Hence, from a TSC detection/synchronization point of view, the number of TSC detections/synchronization attempts per TDMA frame, is on average (3*102+2*(50+24+12+6+3))/102=4.86, compared to 3 today. Again, if only using 1, 8 or 32 blind transmissions the load becomes (3*102+2*(12+3))/102=3.29. Finally if supporting CC1 only on TS0 then the load goes down to 2*(50+24+12+6+3)/102=1.86, i.e. well below todays requirement.
Table 1 Summary of EC-GSM random access TSC detection and synchronization attempts.
	
	EGPRS reference
	EC-GSM,
CC1-CC6
	EC-GSM,
CC1, CC2 & CC3
	EC-GSM,
CC2-CC6
	EC-GSM,
CC2, CC3

	Detection attempts per TDMA frame
	3
	4.86
	3.29
	1.86
	0.29

	Change compared to EGPRS reference
	-
	+62%
	+10%
	-38%
	-90%



Although the increase in relative terms for the case of using six coverage classes is considerable it should be noted that legacy GSM/EDGE base stations would support also EGPRS (including 8PSK modulation), and typically also VAMOS on the TSs. As mentioned VAMOS already implies a doubling of the demodulation attempts per time slot, and the decoding of the highest EGPRS MCS implies the decoding of two encoded block sizes of 1836 bits (2 RLC blocks per radio block for MCS-9) per TTI (4 TDMA frames), while the 11-bit RACH block encoded is of size 42 (for the ASAP feature the size is around 116 bits) decoded every TDMA frame.
All in all, the complexity of EC-GSM for the random access channel is considered minimal, especially if a reduced number of coverage classes are supported on TS1.
Conclusion
This contribution investigates the impact from EC-GSM on GSM/EDGE base stations. 
A summary of the updates to the receiver and transmitter chain is provided, and analyses of the impact from each of these updates are made. The overall conclusion is that the impact from EC-GSM on GSM/EDGE base stations is to be considered minimal, and hence fulfills the objective of the study. A pCR implementing this conclusion in the TR 45.820 is available in [11].
Other infrastructure vendors are encouraged to verify these results.
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