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16
Voice Capacity Evolution with Orthogonal Sub Channel
16.1
Introduction
Wide interest towards possible evolution on voice capacity e.g. to reduce operational costs has been shown. Such a voice capacity evolution should not  introduce additional costs to the voice (GMSK) only handsets, should be applicable for all markets and should meet also other objectives for evolution e.g. 100% peak  capacity gain.

This discussion paper introduces an orthogonal sub channel (OSC) concept providing two MSs allocated on the same radio resource. Sub channels are separated by using non correlated training sequences. OSC can double voice capacity with negligible impact to handsets as well as to networks. The concept may provide e.g. quarter (¼) rate AMR based on orthogonal sub channel applying half rate (TCH/H) parameters e.g. interleaving. OSC applied for TCH/F may also improve link performance for HR channels. 

Quarter rate utilizing 8PSK has been studied earlier [1], but performance was found limited due to short interleaving and 8PSK power reduction e.g. up to 6 dB in uplink. Indeed it would not be applicable for the emerging markets due to need for 8PSK transmitter and receiver in handset.

Orthogonal sub channel concept in downlink is based on QPSK like modulation. Modulation parameters can be selected so that GMSK receiver may be used to receive one of two simultaneous sub channels.  

In uplink direction the orthogonal sub channel may use genuine GMSK with new training sequence. In this paper it is assumed that BTS can use receiver diversity with e.g. Interference Rejection Combining (IRC), Successive Interference Cancellation (SIC) or Joint Detection (JD) to receive two simultaneous sub channels.

Thus OSC concept relying on GMSK only handsets could offer double voice capacity. 

16.2 Concept description

Orthogonal sub channel based on GMSK handset can double the number of channels. The key change is introduction of new training sequences paired with existing training sequences for lowest cross-correlation to enable separation of sub channels. First sub channel can use existing training sequence and second sub channel should use new one 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.

16.2.1
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 16.2.3.2. Both sub channels may use individual ciphering e.g. A5/1 or A5/3. 

Several options for symbol rotation may be considered and optimised by different criteria. E.g. symbol rotation of 3/8 would be as in EGPRS, /4 would make it like /4-QPSK and symbol rotation of /2 can provide sub channels to imitate GMSK. 

16.2.2
Summary of Uplink concept

MSes may use normal GMSK transmitter with appropriate training sequence. 

It is assumed that BTS 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 gained with Dynamic Channel Allocation (DCA) scheme to keep difference of received up link signal levels of co-assigned sub channels within e.g. ±10 dB window.

16.2.3
Modulation and burst structure in downlink

16.2.3.1
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. Set of new training sequences meant for 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 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


16.2.3.2
Symbol mapping

An example of mapping bits to QPSK like constellation based on 8PSK modulator is shown in Table 2 and Figure 1. 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 1.
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Figure 1 Mapping of OSC modulating bits into 8PSK symbols.

16.2.3.3
Pulse shaping filter

The pulse shaping used in simulations was hanning windowed Root Raised Cosine with roll-off 0.3, length 5 symbol periods and bandwidth equivalent to symbol rate.

It is also possible to use existing linearized Gaussian as used for EGPRS to minimize BSS impact but it would compromise in coverage performance. 

16.2.3.4
Symbol rotation

For symbol rotation several options exist and are shown in Table 3. The option 1 is compatible with GMSK and option 3 is compatible with 8PSK.

Table 3 Options for symbol rotation 

	Option
	Rotation r of rule
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	Comments

	1
	/2
	2.2 dB
	3.4
	GMSK receiver applies, zero crossings exist

	2
	/4
	1.8
	2.7
	Like Offset-QPSK

	3
	/8
	2.0
	3.1
	Rotation like in 8PSK


16.2.3.5
DTX handling when one sub channel is inactive

Two straightforward options exist for DTX handling in a case of orthogonal sub channels. BTS may send enciphered dummy bursts for non active sub channel or BTS may send normal GMSK bursts instead of QPSK for active sub channel with appropriate training sequence. The second option seems more effective.

16.2.4
RRC signalling

At least the following changes are needed:

•
MS should provide OSC radio access capability indication 

•
Channel assignment should include OSC sub channel information

16.3.
Performance
16.3.1
Sensitivity in downlink

The FER versus SNR is shown in Figure 2. It can be seen that OSC would need about 2.6 - 3.2 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 OSC aware receiver 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. 

Since different receiver types may exist, performance of legacy MSes is FFS.
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Figure 2 FER versus SNR for AMR/FS 5.9 at TU3 iFH

16.3.2
Interference limited performance in downlink

Interference limited performance shown in Figure 3 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 3 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. 

Figure 4 illustrates link level performance comparison for GMSK, 8PSK and OSC C, where OSC is estimated to need 3 dB higher C/I compared to related GMSK channel. It seems that OSC provides about 2 dB better performance than related 8PSK quarter rate channel. For HR OSC seems to provide about 4 dB gain.

OSC QR seems to need about 17dB C/I for 7.4k codec that is comparable to the median value for network with re-use plan of 7 [2].  
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Figure 4 Estimated CCI performance (TU3iFH) for OSC HR and QR with AMR7.4k [1]
16.3.3
Uplink coverage

Uplink coverage with IRC and SIC receivers is shown in Figure 5 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.
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Figure 5 Sensitivity in UL versus level offset of co-incident users
16.4.
Implementation aspects
16.4.1
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 support new training sequences in both downlink and uplink. Indeed receiver may need to apply pre-filtering type of receive to remove ISI for orthogonality.

To improve the accuracy of channel estimation receiver may also use both binary training sequences of sub channels, denoted as “OSC aware RX“, resulting 0.6 dB about gain with QPSK like training sequence. 

16.4.2
BSS implementation aspects

16.4.2.1
BTS Transmitter

The BTS transmitter should support QPSK or QPSK as subset of higher order modulation. Depending on the selected symbol rotation e.g. /2 or /4 rotation may need to be supported instead of current 3   

Pulse shaping filter should also facilitate RRC pulse shape with 135 kHz bandwidth in order to provide optimised link and system performance. But linearised Gaussian may be applied as well assuming that the new pulse shaping filter is optional.

16.4.2.2
BTS Receiver

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 QPSK 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 6. In SIC the strongest sub channel is detected first and subtracted before receiving the other sub channel. Complexity of such receiver options is assumed manageable for BTS receiver meant e.g. for HUGE.
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Figure 6 Successive Interference Cancellation (SIC) Receiver

16.4.3
Radio Resource Management (RRM) 

The RRM should balance received uplink signal levels of both sub channels within ±10dB range and should use e.g. current AMR FR or HR traffic channels as a fall back when needed. 

16.4.3.1
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.

16.4.3.2
Dynamic Channel Allocation (DCA)

Dynamic resource 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 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.

16.5
Conclusions
The following conclusions can be noted:

· OSC could double voice capacity, thus can enable also allocating more time slots for data

· OSC QR could provide about 8 dB better link budget than former 8PSK QR 

· OSC could be implemented to voice only (GMSK) handsets
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