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1 Introduction

The feature latency reduction, LATRED, currently puts requirements on the downlink transmission of two consecutive RTTI blocks within one BTTI period to have the same modulation in order to support USF scheduling when BTTI USF mode is used. This is needed to support legacy terminals to allow USF decoding of GMSK and 8PSK USFs. However, a mixing of modulations could be allowed if an EGPRS2 or LATRED MS is the receiver of the USF.

In this contribution the possibility to multiplex different modulations over one BTTI USF is investigated. Also, some performance simulations are shown that evaluates the mixed modulation performance.
The document is an update of GP-080113, see ‎[2], presented at GERAN#37. Changes are highlighted in red.

2 BTTI USF in RTTI configuration
In the current specification there is a requirement on two RTTI blocks sent over one BTTI period to have the same modulation if a BTTI USF is valid in the blocks. This is in order to still support legacy pre-release 7 terminals, but the same requirement is also put on both EGPRS2 and LATRED capable mobiles. Even though the blocks can be addressed to two different terminals, they both have to be transmitted using either one of GMSK, QPSK, 8PSK, 16QAM or 32QAM, using the same symbol rate.

In Figure 1 the transmission of BTTI USF bits are shown for both BTTI and RTTI configuration.

[image: image1]
Figure 1. Schematic illustration of USF mapping. The USF is always mapped over four consecutive TDMA frames (20 ms). Left: BTTI configuration. Right: RTTI configuration.
As can be seen in the right part of Figure 1, the USF is sent across two different downlink radio blocks. Using the existing solution, the USF bits must be sent using one and the same modulation in both radio blocks and hence, the two radio blocks must be sent using the same modulation.
If allowed to use different modulations for two consecutive RTTI blocks when transmitting a USF to an EGPRS2 or LATRED capable mobile the following would be possible.


[image: image2]
Figure 2. Mixed modulation over the two RTTI blocks.

Thus, any combination of modulation and symbol rate (assuming that the MSs on the two time slots carrying the RTTI block supports both modulations/symbol rates) would be possible, generating increased spectrum and hardware utilization. This improves spectrum efficiency but still gives full support for legacy terminals when introducing the features LATRED and EGPRS2. One obvious problem with the current solution is that the modulation might have to be changed to a lower order modulation for one of the RTTI blocks in the BTTI period in order to support decoding of the USF for the receving MS, which will have a negative impact on throughput.

3 USF code words

In order to be able to decode the mixed modulation USF, new code words need to be defined. Completely new words could be considered to mamimize the error correction capability of the code. However, in order not to impact the current design it is proposed to concatenate the existing code words. An example of this is shown in Table 1 and Table 2.
Table 1. Currently specified USF codewords for GMSK (red) and for 8PSK (blue) modulated radio blocks.
	USF value
	USF codeword (GMSK)
	USF codeword (8PSK)

	0
	000 000 000 000
	000000000  000000000  000000000  000000000

	1
	000 011 011 101
	111110000  111100000  111111000  111110001  

	2
	001 101 110 110
	111001110  111011100  110000110  110001100  

	3
	001 110 101 011
	100111100  110000011  101110111  00100 1111  

	4
	110 100 001 011
	000110011  001011010  100001101  111111110  

	5
	110 111 010 110
	110101011  000110101  011101011  100101011  

	6
	111 001 111 101
	001001101  101111111  011010001  001110100  

	7
	111 010 100 000
	011010111  010101111  000111110  010010011  


Table 2. Example of USF codewords for radio blocks with mixed GMSK/8PSK modulation.

	USF value
	USF codeword (GMSK followed by 8PSK)
	USF codeword (8PSK followed by GMSK)

	0
	000 000  000000000 000000000
	000000000 000000000  000 000

	1
	000 011  111111000 111110001
	111110000 111100000  011 101

	2
	001 101  110000110 110001100
	111001110 111011100  110 110

	3
	001 110  101110111 001001111
	100111100 110000011  101 011

	4
	110 100  100001101 111111110  
	000110011 001011010  001 011

	5
	110 111  011101011 100101011 
	110101011 000110101  010 110

	6
	111 001  011010001 001110100  
	001001101 101111111  111 101

	7
	111 010  000111110 010010011  
	011010111 010101111  100 000


On the receiver side, the terminal demodulates the first 10 ms block using the first modulation and the second 10 ms block using the second modulation. The received information corresponding to the encoded USF bits is extracted from each half. The USF is decoded using the two halves jointly. I.e. depending on whether the RTTI block is sent on the first 10 ms or the last 10 ms of a BTTI period, the first or the last “half” of the code table is used.

In order to assert that good distance properties are kept of the combined codes, the minimum Hamming distance of the code for different modulation combinations are shown in Table 3.

Table 3. Hamming distance of different modulation combinations at normal symbol rate.

	Modulation
	Hamming distance

	GMSK/GMSK*
	5

	8PSK/8PSK*
	20

	16QAM/16QAM*
	11

	32QAM/32QAM*
	16

	GMSK/8PSK
	11

	GMSK/16QAM
	8

	GMSK/32QAM
	10

	8PSK/GMSK
	11

	8PSK/16QAM
	15

	8PSK/32QAM
	16

	16QAM/GMSK
	8

	16QAM/8PSK
	14

	16QAM/32QAM
	14

	32QAM/GMSK
	11

	32QAM/8PSK
	16

	32QAM/16QAM
	13


      






    * Code words defined today

It should be noted that the code words of 16QAM and 32QAM have not primarily been designed to maximize Hamming distance but rather maximizing the symbol energy, which explains e.g. the smaller minimum Hamming distance of 16QAM/16QAM compared to 8PSK/8PSK.
3.1 QPSK / BPSK reduction for EGPRS2

Since the current code words of EGPRS2 have been designed to have either quaternary symbol codes (EGPRS2-A) or antipodal symbol code words (EGPRS2-B) the USF code words could easily be reduced to one QPSK code word for EGPRS2-A and one BPSK code word for EGPRS2-B
. Thus, since the MS will be aware about the modulation and symbol rate before the demodulation it could decode the USF symbols as QPSK for EGPRS2-A and BPSK for EGPRS2-B. This would reduce the number of modulations to be mixed from 7 to 4: GMSK, 8PSK, EGPRS2-A (“QPSK”) and EGPRS2-B (“BPSK”). 
Having the same type of demodulation irrespective of the modulation of the block (for EGPRS2) would also improve the decoding in the sense that the number of allowed states in the demodulator is limited but also that the same demodulator type is used for the different modulations, which will e.g. align the calculations of the soft values for the decoding.
This enhancement has not been used in the simulations in this contribution but is expected to improve performance further.
NOTE: Whether the reduced modulation is utilized or not is only expected to have impact on performance. It is not suggested to include the solution in the specifications.

4 Specification impact
Although this new functionality is presented at a late stage in the Release 7 time frame, there will be minimal impact to the specifications by allowing mixed modulations of the USF.

Identified changes are:

1. Removal of restriction for RL-EGPRS capable MSs to have the same modulation on two consecutive RTTI blocks during a BTTI period (if a USF is valid in the block and BTTI USF mode is used).

2. USF performance requirements need to be set. The proposal is to align the new requirements with existing ones. Choosing the modulation with loosest requirement, given a modulation mix.
5 Results

Simulations have been performed to evaluate the performance of the mixed modulations. Mixes between 8PSK, 16QAM and 32QAM have been considered at normal symbol rate. It is however expected that an extention to include all modulations and symbol rates will lead to the same conclusions.
5.1 Simulation assumptions

In Table 4 the simulation assumptions are shown.

Table 4. Simulation assumptions.

	Parameter
	Value

	Channel profile
	Typical Urban (TU)
Rural Area (RA)

	Terminal speed
	3 km/h (TU)
250 km/h (RA)

	Frequency band
	900 MHz

	Frequency hopping
	Ideal (TU)
No (RA)

	Interference modulation
	GMSK

	Antenna diversity
	No

	Interference/Noise
	Co-channel
AWGN

	Backoff (sensitivity)

   8PSK

   16QAM

   32QAM  
	3.3 dB

5.3 dB

5.6 dB 

	Equalizer
	DFSE (GMSK, 8PSK)
RSSE (16QAM and 32QAM)

	Tx pulse shape
	Lin GMSK pulse

	Rx filter

· Bandwidth

· RRC rolloff
	RRC1
   240 kHz

   0.3

	Impairments:

– Phase noise

– I/Q gain imbalance

–I/Q phase imbalance

– DC offset

– Frequency error

– PA model
	Tx / Rx

0.8 / 1.0   [degrees (RMS)]

0.1 / 0.2   [dB]

0.2 / 1.5   [degrees]

-45 / -40  [dBc]

  -   / 25   [Hz]

Yes/   -

	Note 1: The 3 dB bandwidth of the RRC filter.


5.2 USF performance

In Figure 3 the performance of mixing modulations (GMSK, 8PSK, 16QAM and 32QAM at normal symbol rate) in a USF code word is shown for an interference limited scenario. The USF performance using the same modulation in the two RTTI radio blocks (as specified today) is also shown as a reference.
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Figure 3. USF performance of currently defined USF code words and jointly constructed USF code words from different modulations. TU3iFH, CCI.
It can be seen that the USF block error rate is different if using the same modulation over two RTTI radio blocks (bold lines). However, all mixes of modulations give quite similar performance, being always better than the worst performing modulation GMSK (blue, bold line). Thus, it should be possible to reach a sufficiently good performance for USFs decoded from different modulations. Additional gains are also expected if the demodulator uses the reduced modulation in the demodulation of EGPRS2 modulation (as described in Section ‎3.1).
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Figure 4. USF performance of currently defined USF code words and jointly constructed USF code words from different modulations. TU3iFH, sensitity. Backoff used as listed in Table 4.

In sensitivity limited scenario, Figure 4, the differences in performance is smaller, except for only GMSK modulated blocks. Backoff has been used for each modulation as specified in Table 4. It can be seen that the worse USF performance is for only 32QAM followed by 32QAM/8PSK combinations. However, the performance of 32QAM, and mixes of 32QAM with other modulations, could improve significantly if a “QPSK-aware” receiver were to be used.

5.2.1 Impact of blind modulation detection

If modulations are not mixed over a USF, the receiver will have 4 bursts to base the blind modulation detection decision on. Dependent on the implementation, the receiver could e.g. use a metric calculation where, for a specific burst, all previous metric calculations from bursts of the same radio block are taken into account. 

When using a mixed modulation USF the modulation decision can be based on 2 bursts instead of 4 which could have an impact on performance.
In Figure 5 the impact on USF performance is shown, comparing ideal modulation detection with detection based on 2 or 4 bursts. Blind modulation detection has been performed on 7 different modulation types, GMSK, 8PSK, 16QAM & 32QAM at normal symbol rate and QPSK, 16QAM & 32QAM at higher symbol rate.
Using a 4 burst blind modulation detection, BMD, corresponds to legacy performance while a 2 burst BMD first detects the modulation of the first two bursts of a BTTI period, and then again detects the modulation over the last two bursts (not using information from the first two bursts).
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Figure 5. Impact of BMD on USF performance.
It can be seen that there is a small performance degradation of <0.1 dB @ 1 % BLER for all modulations when using a 2 bursts for the blind modulation detection instead of 4.
NOTE: There will not be an impact on performance for MSs in RTTI configuration since the whole radio block of four bursts will be received by the MS in this case.
6 Conclusions

It has been proposed to remove the restriction to have the same modulation on two consecutive RTTI blocks during one BTTI period in order to send the USF for LATRED and EGPRS2 capable MSs. A mixed modulation USF has been investigated, which bases the USF codes on the ones defined today. Allowing a mixed modulation for LATRED and EGPRS2 MSs would improve spectrum efficiency but still gives full support for legacy terminals when introducing the new release 7 features.

The new codes seem to give similar performance as the currently defined USFs, using one modulation. Also, additional improvements from the results shown in this document are expected if the receiver uses known information of the USF bits being placed on either quaternary symbols (QPSK) or antipodal symbols (BPSK) in the symbol constellation for EGPRS2.
An EGPRS2, non LATRED, MS will have to detect the modulation over 2 bursts instead of 4 if mixed modulation USF is used. It has been shown that this will impact USF performance <0.1 dB @ 1 % BLER, which is seen as an acceptable performance degradation.
The terminal shall indicate support for this feature implicitly by indicating support of Reduced Latency and/or EGPRS2.
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Figure 6. USF performance of currently defined USF code words and jointly constructed USF code words from different modulations. RA250nFH, CCI.



























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































* Any combination of modulations and/or symbol rates is possible (assuming that the MS supports both modulations/symbol rates).
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� Currently there are two BPSK code words defined for EGPRS2-B; one for QPSK and one for 16QAM/32QAM. This is due to  a pre-coding performed on the QPSK code word to enable better performance using a USF multiplexing solution between RED HOT B and RED HOT A mobiles, see � REF _Ref190445164 \r \h ��‎[1]�. However the pre-coding could easily be inverted in the receiver to be able to use the same code word for all modulations of EGRPRS2-B.





1(11)
3(11)

