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1  Introduction

A proposal for multiplexing RED HOT A mobiles with EGPRS mobiles based on mixed modulated bursts was presented in the 3rd GERAN Telco on RED HOT / HUGE [1], which aims at avoiding resource segregation between legacy EGPRS mobiles and RED HOT A mobiles. Concerns with regard to feasibility and efficiency have been expressed by several companies in the third and fourth GERAN telco. In particular this approach seems to be not realistic for all legacy MS implementations. The conclusion of this discussion is that efficient multiplexing between legacy EGPRS mobiles and RED HOT A mobiles based on a USF granularity of 1 radio block on the same PDCH without loss of throughput can be considered as unfeasible. Therefore we believe that another multiplexing option should be allowed by the standard, namely common multiplexing of RED HOT A and RED HOT A+B mobiles in such a way that multiplexing based on a USF granularity of 1 radio block is feasible without any loss of throughput for RED HOT A or RED HOT A+B mobiles. 
At GERAN#34, the working assumption has been agreed that if a feasible solution to this problem can be found, RED HOT A MS should be required to be able to decode the USF in a RED HOT B block. The additional complexity for the RED HOT A MS should be reasonably small. In particular, the RED HOT A MS receiver shall not be required to use a higher sampling rate than what is required to receive blocks at legacy symbol rate.
In section 2 we discuss the benefit of common USF multiplexing for RED HOT A and RED HOT A+B mobiles. Section 3 presents two possible solutions that are believed to be viable for further discussion in TSG GERAN. One solution is evaluated by simulations in more detail. Section 4 provides conclusions with regard to this discussion. 
This document is an update of the contribution to GERAN#34 [2] and provides further details on simulation assumptions for one of the solutions presented in section 3. As well this Tdoc is a revised version of  AHG1-070027 including the new section 3.2.4 and changes in the conclusions. Updated parts are yellow shaded.
2  Discussion

One compatibility objective set up by operators in the GERAN Evolution Feasibility Study [3] indicates that multiplexing on shared radio resources shall be enabled and hence radio resource segregation should be avoided as far as possible, when introducing new mobiles with increased throughput capabilities. In order to fully avoid resource segregation, USF decoding would need to be possible for all the multiplexed mobiles, independent of the modulation and coding scheme of the DL radio block carrying the USF.
Full multiplexing support for both RED HOT A and RED HOT B with EGPRS MS would mean that legacy EGPRS mobiles would be able to read the USF from RED HOT A/B radio blocks. This however would rely on certain assumptions about legacy EGPRS MS implementations that are not covered by the standard that can not be verified.
As mentioned above, multiplexing between legacy EGPRS and RED HOT A mobiles on the same PDTCH based on a USF granularity of 1 radio block would lead to throughput losses for RED HOT A, forcing RED HOT A mobiles to use 8-PSK modulation, whenever a USF needs to be sent to a legacy EGPRS mobile. The lower the penetration of the RED HOT A mobiles in the network in the early deployment phase is, the higher is the expected loss in throughput. To mitigate this loss in throughput, the standard will continue to allow a USF granularity of 4 radio blocks, but this approach will reduce the flexibility of USF multiplexing, which will cause problems when combining this with latency improvements. For instance consider the case that a first MS uses the UL for a duration of 4 radio blocks, i.e. 80 ms. A second MS with an active DL TBF on the same downlink slot cannot be polled for Fast Ack/Nack Reporting during this period of time. Hence FANR cannot efficiently operate under this condition because the second MS cannot report block error in between. 

Consequently RED HOT A mobiles will not be able to exhibit their full throughput performance when multiplexed with legacy EGPRS mobiles on the same PDCH. This seems to be inevitable. Hence other multiplexing options should be envisaged by the standard. 

We believe that common USF multiplexing between RED HOT A and RED HOT A+B mobiles on the same PDCH 

· avoids radio resource segregation between both types of mobiles

· enables to achieve full throughput for both types of mobiles 

· enables to have full USF multiplexing flexibility based on a USF granularity of 1 radio block
· is not expected to put additional hardware requirements on a RED HOT level A MS, as outlined in section 3. 
Hence, we believe that a requirement for a RED HOT A mobile to be able to read a RED HOT B USF should be included in the standard since there are no legacy restrictions with this. Moreover it would increase shared channel utilization and in addition reduce the radio planning effort for operators due to the fact that resources can easily be pooled together for RED HOT A and RED HOT A+B mobiles.  
For an operator we believe that it is attractive to handle higher order modulations in combination with latency improvements within a dedicated PDCH. For this common resource, USF multiplexing between RED HOT A and RED HOT A+B mobiles would be an essential requirement.  Also it is expected that allowing for common USF multiplexing for RED HOT A and RED HOT A+B mobiles with a USF granularity of 1 radio block would speed up the introduction of higher order modulations as such in GERAN networks.
Table 1 summarizes the USF decoding for different MS types in case of RED HOT transmissions. 
	MS can read USF in
(
	RED HOT A transmission (SR 1.0)
	RED HOT B transmission(SR 1.2)

	
	GMSK
	8PSK
	16QAM
	32QAM
	QPSK
	16QAM
	32QAM

	GPRS MS
	OK
	N/A
	N/A
	N/A
	N/A
	N/A
	N/A

	EGPRS MS
	OK
	OK
	N/A
	N/A
	N/A
	N/A
	N/A

	REDHOT A MS
	OK
	OK
	OK
	OK
	Possible(1)
	Possible(1)
	Possible(1)

	REDHOT A+B MS
	OK
	OK
	OK
	OK
	OK
	OK
	OK

	NOTE 1: Possible if RED HOT A MS can read the USF from RED HOT B radio blocks or if there is a single RED HOT MS class (supporting both REDHOT A and REDHOT B from start)

Table 1: USF decoding for different MS types in case of RED HOT A and RED HOT B transmissions.


3  Solutions
For realizing common USF multiplexing for RED HOT A and RED HOT B transmissions two solutions are presented in this section. 

3.1 Definition of one MS support level for RED HOT

Since the number of support levels is a critical factor for the overall implementation complexity in the mobile, there should be clear justification for each MS support level for RED HOT. In case both RED HOT A and RED HOT B transmissions are supported in one step by a terminal vendor, such RED HOT mobiles can detect USF both in RED HOT A and in RED HOT B transmissions. Hence common USF multiplexing for RED HOT A and RED HOT B is not an issue anymore. 
3.2 Mandating RED HOT A mobiles to read the USF in RED HOT B transmissions

If two MS support levels for RED HOT are further maintained, another solution that would enable common USF multiplexing is presented in this section. USF detection in RED HOT level B bursts should be made mandatory for RED HOT level A MS. In RED HOT level B bursts, the USF information is designed and placed such that it can be detected by RED HOT level A MS without extra hardware accelerators or a wider Rx bandwidth. Interpolation from 271 ksamples/s to 325 ksamples/s is only needed for a short sequence of I/Q samples.
3.2.1 USF format

RED HOT level A MS should be able to extract the USF in RED HOT level B bursts without equalising the whole burst. Since the channel estimation is anyway needed, the USF is placed next to the training sequence. Thus a RED HOT level A MS needs only to detect the training sequence and the adjacent USF symbols. The USF is placed only on the right hand side of the midamble. The reason for that is that typical channel impulse responses have only little precursors but considerable post cursors. When the USF follows the training sequence immediately, the most important ISI on the USF symbols will be generated by the training sequence and the USF symbols themselves. Hence it is not necessary to equalise payload symbols.

The working assumption in GERAN is to use 4 USF symbols per RED HOT level B burst. Since QPSK is part of RED HOT level B, the concept must work with four quaternary symbols per burst. Therefore the proposal is based on QPSK, and it can be extended easily to 16-QAM and 32-QAM by using only 4 corner constellation points out of the 16 or 32 constellation points. The choice of corner constellation points ensures high amplitude, in interference limited scenarios even higher amplitude and thus better robustness in HOM than in QPSK.

The 3 USF bits per radio block could be block coded into 32 bits, each burst carrying eight coded USF bits which are mapped on four quaternary USF symbols. Sufficient USF detection performance at higher symbol rate even using the narrow linearised GMSK pulse has been shown [4]. If there are nevertheless concerns that the bandwidth of a RED HOT level A MS is too small to detect the four USF symbols at 325 kBd, the 3 USF bits per radio block could alternatively be block coded into only 16 bits, i.e. four bits per burst, provided that the coding gain is still sufficient. These four coded USF bits per burst could be mapped onto 4 quaternary USF symbols. The first two coded USF bits are mapped onto the first USF symbol. The second USF symbol is a repetition of the first symbol with an inevitable 45° rotation. The purpose of the repetition is to make the pulse a little bit wider such that RED HOT level A MS would still get a full response (not a partial response), even if Rx filter and interpolation filter further narrowed down the available bandwidth of a linearised GMSK pulse. The last two bits of the burst are mapped onto the third quaternary USF symbol, and the fourth USF symbol is again a repetition of the third one.
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Fig.1: Burst mapping of USF in case of RED HOT B.

Depending on the blind detection solution, the rotation for the three modulation schemes with higher symbol rate may differ. In that case, a pre-coding should be considered such that a RED HOT level A MS could detect quaternary USF symbols with the same 45° rotation in a similar way, irrespective of the real modulation order and rotation once time and phase reference are derived from the blind detection/channel estimation.

3.2.2 USF detection by RED HOT level A MS

A RED HOT level A MS could read the USF in RED HOT level B bursts by the following steps:

1. The RED HOT level A MS has representations of the RED HOT level B midambles at its legacy sampling rate which is assumed to be 271 ksamples/s. (These midamble representations will consist of I/Q pairs that do not correspond to constellation points.)

2. It first makes a blind detection for RED HOT A, and if it does not detect any of the four modulation schemes with legacy symbol rate, it makes a blind detection for higher symbol rate, e.g. by correlation with the undersampled midambles of the three modulation schemes in question.

3. It selects the most likely modulation scheme and extracts the channel impulse response including time and phase synchronisation from the correlation. In the following, it is assumed that a modulation scheme with higher symbol rate is detected.

4. It subtracts the intersymbol interference from the midamble onto the beginning of the second half burst. To this end, it can still use the midamble representation, the channel estimation and the samples of the burst at 271 ksamples/s.
5. Now the RED HOT level A MS interpolates the channel estimation to higher symbol rate.

6. It interpolates the I/Q values for the four USF symbol positions at 325 kBd.

7. It equalises these interpolated I/Q values, starting at the first USF symbol, stopping at the last USF symbol.

8. It tries to decode the USF.

An alternative to steps 7 and 8 would be that 

· the 8 possible USF patterns for the four symbols are calculated in advance (in terms of I and Q at 325 ksamples/s) and stored in a table of the RED HOT level A MS for each of the four bursts of a radio block, 

· these 8 USF patterns are convolved with the estimated, interpolated channel impulse response of step 5,

· the squared Euclidean distance between each of these 8 convolution products and the first four interpolated symbols of the second half burst (cf. step 6) is calculated,

· the USF number is determined based on these squared Euclidean distances in the radio block's four bursts and the bursts' signal-to-noise ratios.

An alternative to these methods would be to

· interpolate the I/Q samples, at least in the region of interest which includes the main part of the midamble and the following 4 symbols (which together account only for one fifth of the burst), to 325 ksamples/s,

· perform channel estimation at the symbol rate of 325 kBd,

· equalise the four symbols following the midamble, preferably in the direction from the midamble to the tail (a low complexity equaliser such as a DFE might be sufficient) and
· decode the symbols.

A prefilter reducing any precursors in the impulse response may be beneficial.

The proposed USF coding and detection needs to be investigated in more detail from the performance point of view. Simulation assumptions are depicted in the next section. The aim is to show that it is feasible for the RED HOT A mobile to reliably read the USF in a RED HOT B transmission. 
3.2.3 Assumptions for Performance Analysis
In this section assumptions are compiled for the simulation of the USF error rate of a RED HOT A MS reading the USF in RED HOT B radio blocks.

Simulation assumptions are summarized in Table 2.
	Simulation parameters
	Value

	Transmitter

	USF coding
	The 3 USF bits per radio block are block coded into 16 bits yielding eight USF code words: 
0000000000000000 

0011001100110011 

0101010101010101 

0110011001100110 

1001100110011001 

1010101010101010 

1100110011001100 

1111111111111111 
Four bits are taken for each burst and mapped on four QPSK symbols per burst using repetition as depicted in section 3.2.1 .
These 4 QPSK symbols are then placed only on the right hand side of the midamble.

	Training sequence (length: 31 bit)
	“1001110000000010101100110100111”

	Modulation type
	QPSK with 325 ksymbols/s

	TX pulse shaping
	RRC filter (BW=325 kHz, Roll-off=0.3, Hanning window) and linearised GMSK scaled to 325ksymbols/s (both are being tested)

	Receiver

	Receiver filter
	RED HOT level A receiver uses a narrow receive filter with double-sided bandwidth of 180 kHz designed for linearized GMSK pulse shape (other bandwidths as 214 kHz and 270 kHz are also considered) 

	Blind modulation detection
	Not yet included 

	Receiver sampling rate
	271 ksamples/s
The I/Q samples are interpolated to 
325 ksamples/s.

	Channel estimation
	Least squares estimator based on the 31 bit long TSC

	Bit detection
	Low complexity equaliser

	RF impairments
	Phase noise 1.0 degrees (RMS)

I/Q gain imbalance 0.2 dB

I/Q phase imbalance 1.5 degrees

DC offset -40 dBc

Frequency error 25 Hz

	Output
	USF detection performance


Table 2: Simulation Assumptions for evaluating USF performance for a RED HOT A MS in case of a RED HOT B transmission. 
3.2.4  Performance Results
In this section performance is shown for the parameters depicted in Table 2. For information on the following graphs, following abbreviations have been used: 
Different TX pulse shapes have been investigated:

· LG: Linearised GMSK pulse shape scaled to 325 ksymbols/s

· RRC: Root Raised Cosine (325 kHz)

Different RX filter bandwidths have been considered:
· RXBW=0.55: equals bandwidth of 180 kHz
· RXBW=0.66: equals bandwidth of 214 kHz

· RXBW=0.83: equals bandwidth of 270 kHz

Note also, that in these results blind modulation detection was not included. These simulations could not be finished in time for this meeting.
3.2.4.1 Sensitivity Performance 
For sensitivity performance given in Fig. 2 the reference for USF BLER has been taken from TS 45.005 which defines the requirement for MCS5-9 to be - 97.5 dBm. At this signal level the spec requires the MS to yield USF BLER = 1%. This signal power level P is determined in dependency of  Eb/No using following formula (Eq. 1):
   P 
= Es/No * k*T*NF* IM * R                  (Eq. 1)

 
= M * Eb/No *k*T* NF* IM * R
with 

R: Higher symbol rate (325 000 bit/s)


M: number of bits per symbol for QPSK (=2) 


kT: -118.7 dBm at 300K 


IM: implementation margin (= 1 dB) 


NF: MS noise figure (= 9 dB) 

leads to the expression

  P[dBm] = Eb/No [dB] - 105.7 dBm

A signal level of P = -97.5 dBm thus corresponds to Eb/No = 8.2 dB, which is marked as solid red line in Fig. 2.


[image: image1]
Fig. 2: 
Sensitivity performance for USF for a RED HOT A MS in case of receiving a 
RED HOT B transmission (without blind modulation detection).
Fig. 2 shows that with each investigated combination of TX pulse shape and RX filter bandwidth the USF BLER requirement can be reached. A margin of 2.5...6 dB can be identified. In the likely case that a RED HOT A MS is equipped with a receiver bandwidth of around 210 kHz (i.e. graphs for RXBW=0.66) this margin increases to 4dB or even more. This margin is expected to be partially compensated by the loss due to blind modulation detection. 

3.2.4.2 Cochannel Interference Performance 
For cochannel interference performance given in Fig. 3 the reference for USF BLER has been taken from TS 45.005 which defines the requirement for the C/I = 10.5 dB for MCS5-9 transmission. At this C/I level the spec requires the MS to yield USF BLER = 1%. It is marked as solid red line in Fig. 3. 

[image: image2]
Fig. 3: 
Cochannel interference performance for USF for a RED HOT A MS in case of 
receiving a RED HOT B transmission (without blind modulation detection).
Fig. 3 shows that with each investigated combination of TX pulse shape and RX filter bandwidth the USF BLER requirement can be reached. A margin of 3...8 dB can be identified. In the likely case that a RED HOT A MS is equipped with a receiver bandwidth of around 200 kHz or above, this margin increases to 4.5 dB or even more. This margin is expected to be partially compensated by the loss due to blind modulation detection. 

4 Conclusion

This contribution discusses common USF multiplexing for RED HOT A and RED HOT B transmissions. Based on the defined compatibility objective in the GERAN Evolution Feasibility study the aim is to avoid resource segregation if both types are multiplexed on the same PDCH. Two solutions have been addressed:

· definition of one MS support level including RED HOT A and RED HOT B,
· mandating RED HOT A mobiles to read the USF in RED HOT B transmissions.
It is believed that either of these solutions will both increase efficiency of packet channel utilization and lead to a faster introduction of higher order modulation features in GERAN networks. However due to concerns expressed by companies in the 4th GERAN Telco on RED HOT / HUGE the first solution is considered as inappropriate from a standard point of view.
Hence the second solution is put forth as the way forward. A USF coding for detection by a receiver with 271 ksamples/s and corresponding detection methods have been proposed.
The method has been evaluated assessing both sensitivity and cochannel performance. Results without inclusion of impacts due to blind modulation detection show that the current performance requirements for USF as defined for EGPRS MCS-5 to MCS-9 can be fulfilled with a considerable margin. Simulations with inclusion of blind modulation detection are ongoing and will be presented in an upcoming RED HOT / HUGE telco.  
It should be noted that the additional requirement inherent to the second solution does not add dependencies between RED HOT A and RED HOT B standardization, in that it would add only an MS implementation requirement, as depicted in section 3.2. Hence RED HOT A specification may fully remain independent from RED HOT B specification in this respect.
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