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1. Introduction

This document is an updated version of the discussion paper on OSC [1], presented at GERAN #33. 

The orthogonal sub channel (OSC) concept operates two MSs simultaneously allocated on the same radio resource. OSC is applicable for low end handsets, since the concept is relying on GMSK capability of handsets. Sub channels are separated by using noncorrelated training sequences. OSC can considerably increase voice capacity with low impact to handsets as well as to networks. The concept may provide e.g. a double half rate channel providing that 4 users can be allocated to the same radio slot. 

The orthogonal sub channel concept in downlink is based on QPSK like modulation, where each of the sub channels is mapped so that it can be received as GMSK signal.
In uplink direction, mobiles allocated to the orthogonal sub channels may use the genuine GMSK modulation with different training sequences. Both orthogonal sub channels are simultaneously received by the BTS that needs to employ e.g. diversity and interference cancellation means to separate the orthogonal sub channels. 
In general, the OSC concept relying on GMSK only handsets can offer up to double voice capacity. 
2. Concept description

The orthogonal sub channel concept by nature doubles the number of channels. The key change is the introduction of new training sequences paired with existing training sequences for lowest cross-correlation to enable separation of sub channels. The first sub channel can use an existing training sequence serving a legacy MS, whilst the second sub channel should preferably use a new training sequence for both downlink and uplink.

OSC can be applied e.g. for TCH/F, TCH/H and related SACCH and FACCH channels making it as transparent as possible to deploy it for all GMSK modulated traffic channels. 
2.1 Summary of Downlink concept

BTS transmitter uses QPSK type of constellation that may be e.g. a subset of 8PSK constellation used for EGPRS. Modulating bits are mapped to QPSK symbols i.e. “dibits” e.g. so that the first sub channel (OSC-0) is mapped to MSB and the second sub channel (OSC-1) is mapped to LSB as illustrated in paragraph 2.3.2. Both sub channels may use individual ciphering e.g. A5/1 or A5/3. 
The symbol rotation of /2 used in downlink allows multiplexing with legacy handsets and enables also to use GMSK in case of DTX and FACCH signalling, see section 2.3.6. 
2.2 Summary of Uplink concept

MS’s may use normal GMSK transmitter with OSC sub channel specific training sequence. BTS receivers may use e.g. Successive Interference Cancellation (SIC) or Joint Detection (JD) to receive signals from two mobiles on simultaneous sub channels with individual propagation paths. Thus, uplink scheme can be seen as a 2x2 Multi User MIMO, where different propagation paths from two users provide the basis for fully utilize the degree of freedom of two receive antennas in typical BTS. 

2.3 Modulation and burst structure in downlink

2.3.1 Burst structure, training sequence, tail and guard bits

The burst structure should be compatible with the existing bursts. Existing GMSK tail bits and guard bits could be applied for both sub channels separately. The set of new training sequences dedicated to the second sub channel are paired with current training sequences for the lowest cross-correlation with optimal autocorrelation and are listed in Table 1. 

           Table 1 Set of new training sequences (TSCs) paired with current ones.
	Training sequence code
	Training sequence bits

	0
	0 0 1 0 1 1 0 1 1 1 0 1 1 1 0 1 0 0 0 1 1 1 1 0 1 1

	1
	0 0 0 1 0 0 0 1 1 1 1 0 1 0 0 1 0 0 1 0 0 0 1 0 0 0

	2
	0 1 1 1 0 1 0 0 1 0 0 0 0 1 0 0 0 1 0 0 0 1 1 1 1 0

	3
	0 1 0 0 0 1 0 0 0 1 1 1 0 0 0 0 1 0 1 1 0 1 1 1 0 1

	4
	0 1 0 0 0 1 0 1 1 0 0 0 0 1 0 1 1 0 0 0 1 0 0 0 0 0

	5
	0 1 0 1 1 1 1 1 0 0 1 0 0 1 1 1 0 0 1 0 1 0 0 0 0 0

	6
	0 1 1 1 0 1 1 1 1 0 0 1 0 1 1 1 1 0 0 1 0 0 0 1 0 1

	7
	0 0 1 0 1 0 1 1 0 0 1 1 1 1 1 1 0 0 1 1 1 1 0 1 0 1


The following picture illustrates cross correlation properties between existing and new training sequences. It can be seen that new training sequences have better cross correlation property in general with all existing training sequences, not only with its pair. 
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Figure 1 Illustration of Cross correlation properties between existing 
training sequences(solid line) and between new and existing 
training sequences (dotted line).
2.3.2 Symbol mapping

An example of mapping bits to QPSK like constellation based on 8PSK modulator is shown in Table 2 and Figure 2. Both sub channels are mapped to QPSK symbol orthogonally. 
Table 2 Mapping between OSC modulating bits and the 8PSK symbol 
parameter l.
	Original Gray mapped 8PSK Modulating bits

d3i , d3i+1 , d3i+2
	Mapping of  bits for orthogonal sub channels to 8PSK symbols

OSC0 , OSC1
	Symbol parameter l for rule
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This is illustrated in Figure 2.
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Figure 2 Mapping of OSC modulating bits into 8PSK symbols.
2.3.3 Pulse shaping filter

The pulse shaping filters used in simulations were Hanning windowed Root Raised Cosine with roll-off 0.3 and bandwidth equivalent to symbol rate (270 kHz) and the current linearised GMSK pulse.

In addition it is worth to consider further optimisation of the Tx pulse shape with different criteria e.g. system performance and MS receiver performance. 
2.3.4 Symbol rotation

For symbol rotation the compatibility with GMSK makes rotation of /2 the best choice. With RRC filter the peak to average ratio (PAR) is 2.2dB and with linearised GMSK pulse 3.4 dB.
2.3.5 DTX handling when one sub channel is inactive
When the other sub channel is inactive due to DTX, it is possible to send normal GMSK bursts instead of QPSK for the active sub channel using the training sequence of the active sub channel. The transmit power can be reduced during that period of time.
2.3.6 FACCH signalling

In downlink it is possible to steal voice payload bursts from both OSC sub channels to make signalling more robust e.g. for speeding up intra cell handovers. In this case the training sequence of the sub channel, transporting the GMSK modulated FACCH, is being used for discrimination. An alternative is to employ Repeated DL FACCH per sub channel, which has been standardised for full rate and half rate channels in GERAN Rel-6. Performance comparision between both proposals needs to be carried out. 
2.3.7 SACCH signalling

SACCH/F has been found to be less robust than AMR TCH/FS, thus SACCH signalling for OSC TCH/FR may need some improvements. In addition to the usage of Repeated SACCH, one option could be to use SACCH/H interleavings for OSC sub channels provided that GMSK can be used. 


On the other hand OSC TCH/HR may have better balance with normal SACCH/H. 
Performace of different SACCH options is FFS.   

 

2.4 RR signalling

At least the following changes are needed:

· MS should provide OSC radio access capability indication 

· Channel assignment should include OSC sub channel information, e.g. in form of the new or the existing training sequence code number
3. Performance

3.1 Sensitivity in downlink 
The FER versus SNR is shown in Figure 3. It can be seen that OSC would need about 2.6 - 3.2 dB higher Es/No for doubled capacity i.e. Eb/No is about the same as for related GMSK service. 

The QPSK in downlink may reduce transmitter power by 2.2 dB due to higher PAR and the OSC aware receiver, i.e. the receiver which has knowledge about the training sequences of both sub channels using this information for channel estimation of the paired interfering sub channel, needs 2.6 dB higher Es/No. It yields to 4.8 dB lower link budget for doubled capacity. For comparison TCH/HS 5.9 needs about 7dB higher Es/No than TCH/FS 5.9, thus orthogonal sub channel could improve HR coverage by about couple of dBs in TU3 iFH. Whilst for GMSK legacy AMR TX pulse shape was assumed to be linearised GMSK, RRC filter with 3 dB double sided bandwidth of 270 kHz was assumed in use for OSC FR, if not otherwise stated. Both receivers, named ‘GMSK’ and ‘GMSK RX for OSC’ in the figures below, are SAIC type receivers.  
Since different receiver types exist, performance of legacy MSes is FFS.
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                                         Figure 3 FER versus SNR for AMR/FS 5.9 at TU3 iFH.
Furthermore investigations with a non OSC aware type of receiver, such as a SAIC receiver have been carried out using different Tx pulse shapes (linearized GMSK, RRC 270 kHz) for the case of reusing the existing TSCs and the case using a new set of TSCs as proposed in section 2.3.1 for the paired sub channel. Results are reported in Figure 4. 


[image: image5]
       Figure 4 FER versus SNR for for AMR/FS 5.9 at TU3 iFH.
It can be seen that the performance loss related to legacy full rate both depends on the Tx pulse shape and the used set of TSCs for the paired sub channel. The performance loss is depicted in Table 3. 

                  Table 3 Link Performace and Loss to Reference for AMR/FS5.9 @ FER=1%

	GMSK (Reference)
	1.9 dB
	-

	RRC 270kHz, new TSC pair
	5.1 dB
	3.2 dB

	RRC 270 kHz, existing  TSC pair with lowest x-correlation
	5.4 dB
	3.5 dB

	Linearised Gaussian, new TSC pair
	7.0 dB
	5.1 dB

	Linearised Gaussian, existing TSC pair with highest 
x-correlation
	7.9 dB
	6.0 dB


3.2 Interference limited performance in downlink

Interference limited performance shown in Figure 5 seems to have about similar 2.6-3.4dB difference as in noise limited case. For comparison TCH/HS 5.9 needs about 7dB higher C/I than TCH/FS 5.9, thus orthogonal sub channel could improve HR performance by about 4 dB in TU3 iFH.
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                          Figure 5 FER for AMR/FS5.9 in TU3 iFH at DTS-2. 
In system point of view this OSC scheme has a different behaviour in DTX mode in downlink. Combined transmitter activity will be higher than for single user, but on the other hand two users are served simultaneously. 
3.3 Uplink coverage

Uplink coverage with IRC and SIC receivers is shown in Figure 6 for different level offsets between coincident users. It seems that about 1.6 dB loss in coverage is experienced when other orthogonal signal is 10dB higher than wanted signal when SIC receiver is used. IRC seems to manage 5dB offset for about 3dB loss in sensitivity level.  At higher SNR levels higher offsets are tolerated. 
Compared to former 8PSK QR which has couple of dBs lower receiver performance and also up to 6 dB lower MS transmit power, OSC seemed to provide about 8 dB coverage gain at 850 or 900MHz assuming MS power classes 4 and E2 with the assumption that the used TX pulse shape was RRC 270 kHz for OSC, whilst legacy GMSK was used for 8 PSK QR.  
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                          Figure 6 Sensitivity in UL versus level offset of co-incident users.
3.4 Network Performance Evaluation

In order to evaluate the system impact of OSC, a network simulation was carried out. Simulation parameters are depicted in Table 4. Simulations were done for a network employing lower frequency reuse, such as 4/12, and were limited to the hopping TCH layer. 
            Table 4 Parameters for Network Simulation.
	Parameter
	Value
	Unit
	Comment

	Direction
	Downlink
	
	

	Frequency Reuse
	4/12
	
	Only TCH layer has been modelled

	Frequency Hopping
	yes
	
	

	# TRX per cell
	4
	
	

	Compared Codecs 
	1) AMR FR 5.9 

2) AMR HR 5.9

3) AMR FR 5.9    
using OSC 
	
	

	MS receiver type
	SAIC type
	
	non OSC aware

	Used TSC set  
	existing and new
	
	

	Pulse shape 
	Linearised GMSK
	
	

	Site-to-site distance
	1500
	m
	 Macro cell radius = 500.0 m

	Frequency
	900
	MHz
	 

	Sectors per site
	3
	 
	 

	Antenna pattern
	65
	degree
	 

	Log-normal fading (std)
	8
	dB
	 

	corr. Dist
	50
	m
	 

	pathloss exponent
	3.7
	 
	Path Loss Model Based on UMTS 30.03

	Propagation
	TU
	 
	 

	MS speed
	3
	km/h
	 

	Voice activity
	50%
	 
	

	DTX 
	on 
	 
	 

	Power control algorithm
	level and quality based
	 
	 


The results can be found in Figure 7 for Blocked Call performance and in Figure 8 for Bad Quality Call performance. It can be seen that OSC doubles capacity in this blocking limited scenario. OSC FR achieved about the same performance than basic AMR half-rate. OSC HR is therefore expected to further remarkably increase capacity. Interference limited tighter reuse scenarios employing frequency reuses equal to 1/3 and 1/1 are also being investigated, but could not be finalised for GERAN#36.
In addition system performance optimisation requires further refinements in all 
RRM procedures to fully support the OSC concept, such as 
·  Power Control

·  Channel Allocation

·  AMR Channel Rate Adaptation 

·  AMR Codec Mode Adaptation
Results for these scenarios will be submitted to GERAN#37.

[image: image8]
Figure 7 Blocked Call Performance. 

[image: image9]
Figure 8 Bad Quality Call performance (proportion of calls with FER > 2%).
4. ImplEmentation aspects
4.1 MS implementation aspects

Legacy AMR MS may be capable to receive sub channel 0, if rotation is applied in downlink for QPSK. For second sub channel the MS should be able to support new training sequences in both downlink and uplink. Indeed receiver may need to apply e.g. pre-filtering type of receiver to remove ISI for orthogonality.
To improve the accuracy of channel estimation the receiver may also use both binary training sequences of sub channels, denoted as “OSC aware RX“, resulting about 0.6 dB gain with QPSK like training sequence, see Figure 3. 

4.2 BSS implementation aspects

4.2.1 BTS Transmitter

The BTS transmitter should support QPSK or QPSK as subset of higher order modulation. Also symbol rotation of may need to be supported instead of current 3  

Pulse shaping filter should also facilitate spectrally wider e.g. RRC pulse shape e.g. with 270 kHz bandwidth in order to provide optimised link and system performance. But linearised GMSK may be applied as well assuming that the new pulse shaping filter is optional.

4.2.2 BTS Receiver

The BTS is preferably equipped with 2 receive antennas and uses e.g. either Space Time Interference Rejection Combining (STIRC) or Successive Interference Cancellation (SIC) receiver to receive orthogonal sub channels used by different MSs.  Indeed BSS should apply uplink power control possibly interworked with Dynamic Channel Allocation (DCA) scheme to keep difference of received uplink signal levels of co-assigned sub channels within e.g. ±15 dB window.

The BTS receiver for two GMSK users separated by training sequences could be based e.g. on Joint Detection (JD) of two GMSK users with a JD receiver. Alternative option is to use two independent GMSK receivers for each sub channel. Third option is to use Successive Interference Cancellation (SIC) receiver as illustrated in Figure 9. In SIC the strongest sub channel is detected first and its re-modulated version is subtracted from received samples before detecting the other sub channel. Complexity of such receiver options is assumed manageable for BTS receiver meant e.g. for HUGE. 

[image: image10.emf]Receiver

for strongest 

Sub Channel 

Receiver

for other 

Sub Channel

+

Convolution with 

Channel

Estimate

-

Soft values

Soft values

Samples


                     Figure 9 Successive Interference Cancellation (SIC) Receiver.
4.3 Radio Resource Management (RRM) 

The RRM should balance received uplink signal levels of both sub channels within ±15 dB range and should use e.g. current AMR FR or HR traffic channels as a fallback when needed. 
4.3.1 Power Control

Downlink power control may use conditions of the weakest link as criteria. Total power control range for uplink balancing purpose is about 30 dB + 30dB. To make PC four times faster in uplink, Enhanced Power Control may be used.

4.3.2 Dynamic Channel Allocation (DCA)

Dynamic channel allocation can sort different OSC voice users to e.g. 30dB windows according to path losses and allocate those to the same resource and balance these further with power control. 

Intra Cell Handover for DCA may be triggered for a user having higher or lower level depending on the case. E.g. more sensitive user with higher path loss can be left intact, but user with higher level is signalled to perform intra cell HO or vice versa. 

4.3.3 AMR Channel Rate and Codec Mode Adaptation

The switching between e.g. FR, HR and OSC HR, may use similar criteria as in current FR / HR switching, but may take additionally care about sufficient path loss window to maintain operation of SIC in uplink. AMR Codec Mode Adaptation may rely on current parameters.  
5. SYSTEM SIMULATION ASPECTS

5.1 Downlink

The MS receiver performance with SAIC needs to be modelled in system simulations for different wanted and dominant interfering signal scenarios, at burst level, to facilitiate proper modelling for different TCHs:

· Wanted signal is GMSK and dominant interferer is GMSK

· Wanted signal is GMSK and dominant interferer is QPSK (i.e. OSC channel)
· Wanted signal is QPSK and dominant interferer is GMSK

· Wanted signal is QPSK and dominant interferer is QPSK

The impact of used pulse shape for adjacent channel powers should be consididered as well for QPSK.
5.2 Uplink

Despite that there are several possible reveiver options available for uplink, the successive interference cancellation (SIC) might be straightforward to model in system level as an example. It is possible to re-use current IRC modelling in uplink by linking OSC users with SIC gain i.e. reduction for other user as a function of BER on burst level. An exemplary link to system model for SIC is shown in Figure 10. In a first step the stronger of both subchannels is processed and burst BER is determined. This burst BER is fed to a cancellation estimator, which determines the effectictive suppression ratio R of the strong subchannel when processing the weaker subchannel. In a second step the weaker of both subchannels is then processed and burst BER is determined taking into account the estimated suppression ratio R. 

[image: image11]
Figure 10 Exemplary Model of Link-to-System Mapping for SIC receiver.
6. CONCLUSIONS

OSC is believed to have a high potential for voice capacity improvement, but will need further refined link and system level analysis, which will be conducted until GERAN#37. Investigations carried out so far confirm the high potential for higher voice capacity in GERAN networks. Further considering that an urgent need for this improvement has been expressed in particular by asian operators [3], it is believed that GERAN should agree to open a work item on the introduction of orthogonal sub channels [4].  
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