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Orthogonal Sub Channels

1. Concept description

1.1 Overview
A new study item MUROS [1] was agreed at GERAN#36 aiming to improve voice efficiency. In this section the orthogonal sub channel (OSC) [2] concept is presented. It multiplexes 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 non-correlated 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. 
The orthogonal sub channel concept by nature doubles the number of channels. One of the key changes 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 associated control channels (FACCH and SACCH) making it as transparent as possible to deploy it for all GMSK modulated traffic channels. 
1.2 Downlink concept

The downlink concept is depicted in this section. It is splitted into a basic concept and into an enhanced concept. 
1.2.1 Basic OSC concept 

1.2.1.1 Mapping of user bits using QPSK modulation
The Basic OSC concept is characterized in downlink in that 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 below. 
An example of mapping bits to QPSK like constellation based on 8PSK modulator is shown in Table 1 and Figure 1. Both sub channels are mapped to QPSK symbol orthogonally.  
	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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	(1,1,1)
	-
	0

	(0,1,1)
	 (1,1)
	1

	(0,1,0)
	-
	2

	(0,0,0)
	(0,1)
	3

	(0,0,1)
	-
	4

	(1,0,1)
	 (0,0)
	5

	(1,0,0)
	-
	6

	(1,1,0)
	 (1,0)
	7


Table 1 Mapping between OSC modulating bits and the 8PSK symbol 
parameter l.
This is illustrated in Figure 1.


[image: image2]
Figure 1 Mapping of OSC modulating bits into 8PSK symbols.

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 / SACCH signalling, see sections 1.2.1.5, 1.2.1.6 and 1.2.1.7.
1.2.1.2 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 2. The training sequences have been obtained by performing a full LS channel estimation based cumputational search [2].
	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


Table 2 Set of new training sequences (TSCs) paired with current ones.
Figure 2 below 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 2 Illustration of Cross correlation properties between existing 
training sequences(solid line) and between new and existing 
training sequences (dotted line).

1.2.1.3 Tx pulse shaping filter

Different Tx pulse shaping filters were used in DL simulations such as 

· 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. Performance characterization for above Tx pulse shapes can be found in section 2.1.1.1.1 .
1.2.1.4 Symbol rotation

For symbol rotation the compatibility with GMSK makes rotation of /2 the best choice. Thus with above specified RRC filter the peak to average ratio (PAR) is only 2.2 dB, whilst being 3.4 dB for linearised GMSK pulse.

1.2.1.5 DTX handling when one sub channel is inactive
When the paired 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. The change of modulation applies after sending the last burst of the SID_FIRST message or of the SID_UPDATE message, respectively, on the paired sub channel. Similarily, the change from GMSK to QPSK applies when the first burst of the SID_UPDATE or ON_SET message, respectively, needs to be sent on the paired sub channel. 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.
1.2.1.6 FACCH signalling

Different options exist for transmission of FACCH for orthogonal sub channels in downlink: 

· First option is to straightforward apply the FACCH signalling as for legacy channels, but mapped to the sub channels.

· Second option is 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. 
· Third option is to employ Repeated DL FACCH per sub channel, which has been standardised for full rate and half rate channels in GERAN Rel-6. 

· Fourth option is to use Soft Stealing for FACCH employing sub channel specific power control (see section 1.2.2.3).
Performance comparision between all three proposals is FFS. 
1.2.1.7 SACCH signalling

SACCH performance for OSC full rate traffic channels and OSC half rate channels needs to be designed such that RR signalling carried on downlink gets sufficiently robust. 
In case of OSC full rate channels different options exist in downlink: 

· First option is to straightforward apply the SACCH signalling as for legacy channels, but mapped to the subchannels. Hence the SACCH blocks of both subchannels are simultaneously transmitted.

· Second option is the usage of Repeated SACCH as standardized in GERAN Rel-7 for full rate traffic channels. This option is suited if legacy mobiles supporting Repeated SACCH are multiplexed on both sub channels, but also in case new OSC aware mobiles are multiplexed or for a mix of legacy mobiles supporting Repeated SACCH and OSC aware mobiles. 
· Third option is to shift the SACCH transmission for new OSC aware mobiles by 13 TDMA frames to the curent idle frames. Hence new OSC aware mobiles use the SACCH allocation related to the second channel in a half slot channel configuration. This is depicted in section 1.2.2.5.3.4 for the Optimized User Diversity Full Rate Pattern 1. Hence using GMSK modulated bursts for SACCH/F the same perfomance as for legacy mobiles is achieved.

In case of OSC half rate channels different options exist for SACCH in downlink: 

· First option is to straightforward apply the SACCH signalling as for legacy channels, but mapped to the sub channels. Hence the SACCH blocks of both sub channels are simultaneously transmitted.
· Second option is the usage of Repeated SACCH as standardized in GERAN Rel-7 for half rate traffic channels. This option is suited if legacy mobiles supporting Repeated SACCH are multiplexed on both sub channels, but also in case new OSC aware mobiles are multiplexed or for a mix of legacy mobiles supporting Repeated SACCH and OSC aware mobiles. 
· Third option is to use Soft Stealing for SACCH with sub channel specific power control and user diversity (see section 1.2.2.4). This option does only exist if at least one OSC aware mobile is multiplexed. 
Performance comparision between all three above proposals is FFS. 
1.2.2 Enhanced OSC concept 

The Enhanced OSC concept is based on three techniques which complement the Basic OSC concept and thus increase the performance benefits of OSC in that the interworking to legacy mobiles is improved and increased network capacity is achieved.

1.2.2.1 Sub channel specific power control 
As proposed in [3] power control in downlink needs to be performed commonly for both sub channels i.e. based on the highest power demand of two users.  Two individual radio path losses or receiver performances may not always be balanced, thus sub channel specific power control needs to be addressed.  The enhancement is related to a sub channel specific power control mechanism based on non-square, but rectangular 4QAM constellation provided by 8PSK constellation. The sub channel specific power control utilises normal 8PSK constellation with rotation changed to /2. Power levels can be adjusted by changing the mapping of users in that different subsets of 4QAM symbols are selected out of the 8PSK constellation diagram as depicted in Figure 3. 


[image: image4]
Figure 3  Mapping of OSC sub channels with equal or unequal sub channel powers. 

The OSC sub channel with higher power may experience about 2.3 dB higher power than with equal power OSC and the OSC sub channel with lower power about 5.3 dB lower power, compared to the equal power case, whilst the difference between higher and lower power is 7.7dB.  By alternating between 3 different levels from burst to burst it is possible to achieve effectively several level values in within 7.7 dB range. 


The mapping of encoded bits of both subchannel onto 8PSK constellation points 
for subchannel specific power control is specified in Table 3.

	Original Gray mapped 8PSK Modulating bits

d3i , d3i+1 , d3i+2
	Symbol parameter l  for rule
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	Mapping of  bits for orthogonal sub channels to 8PSK symbols OSC0 , OSC1

	
	
	Signal powers:

OSC0  = OSC1
	Signal powers:

OSC0 > OSC1
	Signal powers:

OSC0 < OSC1

	(1,1,1)
	0
	-
	(0,1)
	-

	(0,1,1)
	1
	(1,1)
	(1,1)
	(1,1)

	(0,1,0)
	2
	-
	-
	(0,1)

	(0,0,0)
	3
	(0,1)
	-
	-

	(0,0,1)
	4
	-
	(1,0)
	-

	(1,0,1)
	5
	(0,0)
	(0,0)
	(0,0)

	(1,0,0)
	6
	-
	-
	(0,1)

	(1,1,0)
	7
	(1,0)
	-
	-


Table 3 Mapping between OSC modulating bits and the 8PSK symbol parameter l.
The SAIC handset is expected to cancel part of the interference power caused by OSC when applying sub channel specific power control as depicted in Figure 4.


[image: image6]
Figure 4  Illustration of OSC signals after SAIC processing by MS in neighbour cell. 

Thus SAIC gains could be likely obtained with sub channel specific power control. Performance is characterized in sections 2.1.1.2 and 2.1.2.1.3.
In summary sub channel specific power control is considered beneficial due to several reasons:

· Equal power is not optimal for both OSC sub channels under all radio conditions
· SAIC may be able to successfully cancel part of such an attenuated interference coming from the subchannel user
· FACCH and SACCH may be boosted by a couple of dB without muting possible voice on other sub channel (see section 1.2.2.3 and 1.2.2.4).
1.2.2.2 Power Balancing

Power Balancing is an extension of the sub channel specific power control mechanism, in that the selected constellation as depicted in Figure 3 and Table 3 is modified from burst to burst. Hence the sub channel specific power can be balanced with a higher resolution between both sub channels using different patterns. An examplary pattern is depicted in Table 4. The pattern is selected by the BTS depending on the reported link measurements for both sub channels. 

	TDMA frame

mod 8
	 OSC Constellation 


	0
	Equal Power 

	1
	 OSC-0 attenuated

	2
	OSC-0 attenuated

	3
	Equal Power 

	4
	Equal Power

	5
	Equal Power

	6
	 OSC-0 attenuated

	7
	OSC-0 attenuated


Table 4 Usage of different OSC constellations for power balancing 


(example).
1.2.2.3 Soft Stealing for FACCH with sub channel specific power control

Sub channel specific power control can be applied when an FACCH needs to be sent on downlink. In this case the FACCH block for the sub channel of interest is carried on the stronger channel. This may improve FACCH, compared to the case of equal power and improves robustness of RR signalling without performing “double stealing” of voice blocks from both sub channels (see section  1.2.1.6.). 
1.2.2.4 Soft Stealing for SACCH with sub channel specific power control

Sub channel specific power control can also be applied for OSC half rate channel when a SACCH needs to be sent on downlink and a TCH channel is active for the paired user. This is proposed in section 1.2.2.5.3.3 for Optimized User Diversity Half Rate Pattern 3. Likewise as for FACCH the SACCH block for the sub channel of interest is carried on the stronger channel and hence robustness of RR signalling (i.e. SYSTEM INFORMATION and MEASUREMENT INFORMATION  messages as well as UL power control commands) is improved.  

1.2.2.5 User Diversity
In order to fully exploit gains of DTX with OSC, this enhancement of the basic OSC concept presented in [4] and refined in [5] introduces a multiplexing scheme where either 4 users on two HR channels or 4 users on two FR channels are mixed together to increase variance on number of simultaneous active users over an interleaving period. Increased variance is intended to provide better conditions for channel coding to operate. The concept is suited both for downlink and for uplink.
1.2.2.5.1 Basic User Diversity

With OSC HR or OSC FR, respectively, and with DTX enabled, bursts are carrying either no, one or two users without any or with low variance on number of simultaneous users over the interleaving period. This can be considered sub-optimal from channel coding point of view. To improve this variance over the interleaving period, 4 users in two HR channels on one timeslot or 4 users in two FR channels on a timeslot pair can be mixed so that 
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 possible pairing combinations are evenly used changing frame by frame. This kind of multiplexing exploiting the diversity related to the activity status of each of the 4 users is named Basic User Diversity here and is expected to improve the radio performance in both downlink and uplink. Note this feature assumes that the channels carry DTX’ed speech. If DTX is not activated the feature will not yield performance benefits.
One possible way to define the mixing of OSC HR users with DTX activated is given in Table 3 below and is based on the specification of a user diversity pattern, which is specific for each user and which defines the way how a burst of each frame is mapped to an OSC sub channel and in case of a half rate channel to the (HR) sub channel of a slot. User diversity patterns should be defined so that users are evenly multiplexed with each other users. That pattern may be built with two bits per frame, where the first bit indicates the OSC sub channel and the second bit indicates the used (HR) sub channel.  Table 3 illustrates how the user diversity pattern could be applied over 12 TDMA frames. The used training sequence may be linked with the OSC sub channel, thus 2 training sequences are shared with 4 users changing according to OSC sub channel.
	Frame
	Active HR SC
	User Diversity Pattern (OSC, SC)
	User in OSC

	
	
	User 1
	User 2
	User 3
	User 4
	OSC-0
	OSC-1

	0
	0
	00
	01
	11
	10
	User 1
	User 4

	1
	1
	10
	11
	00
	01
	User 4
	User 2

	2
	0
	01
	10
	11
	00
	User 4
	User 2

	3
	1
	11
	00
	01
	10
	User 3
	User 1

	4
	0
	00
	11
	10
	01
	User 1
	User 3

	5
	1
	10
	01
	11
	00
	User 2
	User 3

	6
	0
	00
	01
	11
	10
	User 1
	User 4

	7
	1
	10
	11
	00
	01
	User 4
	User 2

	8
	0
	01
	10
	11
	00
	User 4
	User 2

	9
	1
	11
	00
	01
	10
	User 3
	User 1

	10
	0
	00
	11
	10
	01
	User 1
	User 3

	11
	1
	10
	01
	11
	00
	User 2
	User 3

	
	
	
	
	
	
	
	

	
	active user transmission in TDMA frame

	
	time instant related to delivery of speech block



Table 5  Examplary “user diversity pattern” to mix 4 OSC HR users [4].
The table could also be extended to differentiate on SACCH and TCH bursts. It might be possible to distribute start of TCH interleaving periods of each user evenly e.g. with offset of one frame.  That might be beneficial by offering even distribution of processing load e.g. in channel decoder of BTS. Indeed SACCH bursts could be evenly distributed to provide DTX gains due to mixing also to SACCH performance. If user diversity pattern with length of 12 is repeated periodically it would allow SACCH bursts located every 120ms for the same user. 

However, as shown above, the user diversity pattern leads to a irregular delivery of speech blocks for users 1 to 4 taking into account the speech block delivery every other burst in case of HR channel. For example, as can be seen in Table 5, for user 1 the speech block is delivered in Frame 3, Frame 6, Frame 10 and Frame 12+3=15, hence the delivery of the speech block experiences a delay between 3 frames and 5 frames and yields a jitter of about ± 5 ms. This is undesirable considering speech latency performance. The same jitter is present for user 2 whilst user 3 to 4 experience an even higher change of delay between 2 and 5 frames, hence about  ± 7.5 ms. 
Thus the Basic User Diversity concept as proposed in [4] has following drawbacks: 

1) This kind of statistical multiplexing is based on the assumption that the mobiles know when to transmit and receive in a given TDMA frame and which OSC training sequence to use. Consequently one drawback is that the proposed scheme in [4] cannot be applied to legacy mobiles in the field. In other words legacy mobiles operated in OSC channels cannot benefit in terms of reduced interference.

2) A second drawback is that the scheme introduces a jitter due to the variable block lengths as shown in Table 1 and described above. An additional jitter in the order of ± 5 ms or even ± 7.5 ms is introduced which may need some adaptation of network interfaces and identifies an add-on to peak delays for speech. 

3) Also the concept was merely investigating the OSC half rate case and provided  increased interference diversity in one timeslot, whilst it was not considering the OSC full rate case. 
1.2.2.5.2 Optimized User Diversity

In this section modifications to the Basic User Diversity procedure as decribed in [4] are presented in order to mitigate the above mentioned drawbacks. In particular, the described modifications detailed hereafter allow to multiplex legacy mobiles with new OSC aware mobiles in order to let all mobiles benefit from interference diversity and hence mitigates the conceptual drawbacks of the original proposal as sketched in the section above. The Optimized User Diversity concept also introduces a constant speech delay for each user, avoiding any jitter. Moreover it considers the issue of increasing interference diversity for a full rate channel configuration and is based on the assumption that DTX is in use both for DL and UL operation. 

Since OSC is not expected to operate in tight reuse scenarios with high level of external interference, the main interferer in most situations stems from the paired sub channel. Taking into account that DTX is activated, interference diversity can be improved if different users are multiplexed on the paired sub channel. In case of inactivity of either of both sub channels in downlink the BTS can make use of GMSK rather than QPSK and hence transmission can be operated with lower power backoff. In UL reduction of GMSK modulated interference is beneficial in interference limited scenarios and thus will reduce transmit power of mobiles and also increase network capacity. 

The enhancements described below are related to the definition of a set of optimized user diversity patterns for both OSC half rate and OSC full rate channel configurations. The patterns are optimised for a  given mix of mobiles. In order to adapt to the actual mix of mobiles, e.g. share of legacy mobiles and share of new OSC aware mobiles, it is proposed to enable switching between these patterns for OSC half rate channel configuration and for OSC full rate channel configuration, respectively. It has to be noted that the proposed user diversity patterns for enhanced OSC are fixed patterns and not changing in time. Hence it is sufficient to signal the pattern at channel assignment or after channel mode adaptation to the mobile of interest.
For OSC half rate channel configuration legacy mobiles can be included with their legacy transmission behaviour based on the interleaving depth 4 and time diversity of 35 ms. For new OSC aware mobiles the same interleaving depth 4 is selected leading to a time diversity of 30 ms (optimized user diversity half rate pattern 2 and 3). 

In addition for OSC half rate channel configuration the SACCH of the second sub channel is advanced by 6 TDMA frames compared to the first sub channel to achieve also interference diversity for this channel (optimized user diversity half rate pattern 3), assuming that the paired sub channel carries DTX’ed speech. 

The enhancements include also the extension of the user diversity algorithm to paired timeslots as depicted in Figure 5.
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Figure 5: Optimized User Diversity for OSC full rate channel configuration 
for the case of a timeslot pair.

Interference diversity is achieved here by multiplexing two full rate OSC aware mobiles (User 2 and User 4) on a paired timeslot (timeslot b) to the second sub channel (OSC-2) of the first timeslot (timeslot a). 

The concept foresees to allocate two legacy full rate mobiles (User 1 and User 3) on the first sub channel (OSC-1) of the timeslot pair (timeslot a and b), where the time slots need not be adjacent. The remaining OSC aware MS’s (User 2 and User 4) are then mandated to hop between the second sub channels (OSC-2) of both timeslots. 

In case of OSC full rate channel configuration the interleaving depth of 8 is kept for all mobiles, also time diversity of ~ 40 ms is maintained for all mobiles without jitter. As well speech block delivery every 4th burst is untouched. 

Hence in all cases legacy MS’s and new OSC aware mobiles will benefit from the increased interference diversity through the usage of legacy compatible user diversity patterns. The patterns are described in section 1.2.2.5.3 . 

It is intended that the specified optimized user diversity patterns are subject to be standardized. intra cell or channel modify HO command, etc.

Signalling support for OSC aware mobiles will then include:  

· the specified user diversity pattern (2 bits in case of  OSC FR channel configuration and 2 bits in case of OSC HR channel configuration).

· the index for the mobile (2 bits for multiplexing 4 users).

· signalling will be needed if user patterns are switched. 

· different signalling methods exist: usage of FACCH to command an intracell HO, usage of inband signalling to transport compressed

1.2.2.5.3 Support of Optimized User Diversity for scenarios with mixed MS types 
For OSC half rate channel configuration and OSC full rate channel configuration three user diversity patterns for each are defined for each to support inclusion of legacy MSs. Half rate configuration is always related to one time slot, whilst full rate configuration is based on two timeslots in two of three configurations in order to obtain a higher interference diversity. 

1.2.2.5.3.1 Optimized User Diversity Half Rate Pattern 1
The channel configuration depicted in Table 6 is related to one timeslot. The configuration supports of up to four users for the following two scenarios:
a) 4 legacy MS’s 

b) 3 legacy MS’s + 1 OSC aware MS

	Frame
	Active HR SC
	User Diversity Pattern (OSC, SC)
	User in OSC

	
	
	User 1
	User 2
	User 3
	User 4
	OSC-0
	OSC-1

	0
	0
	00
	10
	01
	11
	User 1, Bx+B0
	User 2, Bx+B0

	1
	1
	00
	10
	01
	11
	User 3, Bx+B0
	User 4, Bx+B0

	2
	0
	00
	10
	01
	11
	User 1, Bx+B0
	User 2, Bx+B0

	3
	1
	00
	10
	01
	11
	User 3, Bx+B0
	User 4, Bx+B0

	4
	0
	00
	10
	01
	11
	User 1, B0+B1
	User 2, B0+B1

	5
	1
	00
	10
	01
	11
	User 3, B0+B1
	User 4, B0+B1

	6
	0
	00
	10
	01
	11
	User 1,B0+B1
	User 2, B0+B1

	7
	1
	00
	10
	01
	11
	User 3, B0+B1
	User 4, B0+B1

	8
	0
	00
	10
	01
	11
	User 1, B1+B2
	User 2, B1+B2

	9
	1
	00
	10
	01
	11
	User 3, B1+B2
	User 4, B1+B2

	10
	0
	00
	10
	01
	11
	User 1, B1+B2
	User 2, B1+B2

	11
	1
	00
	10
	01
	11
	User 3, B1+B2
	User 4, B1+B2

	12
	0
	00
	10
	01
	11
	User 1, SACCH
	User 2, SACCH

	13
	0
	00
	10
	01
	11
	User 1, B2+B3
	User 2, B2+B3

	14
	1
	00
	10
	01
	11
	User 3, B2+B3
	User 4, B2+B3

	15
	0
	00
	10
	01
	11
	User 1, B2+B3
	User 2, B2+B3

	16
	1
	00
	10
	01
	11
	User 3, B2+B3
	User 4, B2+B3

	17
	0
	00
	10
	01
	11
	User 1, B3+B4
	User 2, B3+B4

	18
	1
	00
	10
	01
	11
	User 3, B3+B4
	User 4, B3+B4

	19
	0
	00
	10
	01
	11
	User 1,B3+B4
	User 2,B3+B4

	20
	1
	00
	10
	01
	11
	User 3, B3+B4
	User 4, B3+B4

	21
	0
	00
	10
	01
	11
	User 1, B4+B5
	User 2, B4+B5

	22
	1
	00
	10
	01
	11
	User 3, B4+B5
	User 4, B4+B5

	23
	0
	00
	10
	01
	11
	User 1, B4+B5
	User 2, B4+B5

	24
	1
	00
	10
	01
	11
	User 3, B4+B5
	User 4, B4+B5

	25
	1
	00
	10
	10
	11
	User 3, SACCH
	User 4, SACCH



Table 6  Optimized User Diversity Half Rate Pattern 1 per 26 multiframe.

a) User 1 to User 4: legacy MS or legacy SAIC MS
b) User 1 to User 3: legacy MS or legacy SAIC MS; User 4: OSC aware MS  (one example)
1.2.2.5.3.2 Optimized User Diversity Half Rate Pattern 2 
The channel configuration depicted in Table 7 is related to one timeslot. The configuration supports up to four users for the following three scenarios:
a) 2 legacy MS’s + 2 OSC aware MS’s 

b) 1 legacy MS’s + 3 OSC aware MS’s 

c) 4 OSC aware MS’s

	Frame
	Active HR SC
	User Diversity Pattern (OSC, SC)
	User in OSC

	
	
	User 1
	User 2
	User 3
	User 4
	OSC-0
	OSC-1

	0
	0
	00
	10
	01
	11
	User 1, Bx+B0
	User 2, Bx+B0

	1
	1
	00
	11
	01
	10
	User 3, Bx+B0
	User 2, Bx+B0

	2
	0
	00
	11
	01
	10
	User 1, Bx+B0
	User 4, Bx+B0

	3
	1
	00
	10
	01
	11
	User 3, Bx+B0
	User 4, Bx+B0

	4
	0
	00
	10
	01
	11
	User 1, B0+B1
	User 2, B0+B1

	5
	1
	00
	11
	01
	10
	User 3, B0+B1
	User 2, B0+B1

	6
	0
	00
	11
	01
	10
	User 1, B0+B1
	User 4, B0+B1

	7
	1
	00
	10
	01
	11
	User 3, B0+B1
	User 4, B0+B1

	8
	0
	00
	10
	01
	11
	User 1, B1+B2
	User 2, B1+B2

	9
	1
	00
	11
	01
	10
	User 3, B1+B2
	User 2, B1+B2

	10
	0
	00
	11
	01
	10
	User 1, B1+B2
	User 4, B1+B2

	11
	1
	00
	10
	01
	11
	User 3, B1+B2
	User 4, B1+B2

	12
	0
	00
	10
	
	
	User 1, SACCH
	User 2, SACCH

	13
	0
	00
	10
	01
	11
	User 1, B2+B3
	User 2, B2+B3

	14
	1
	00
	11
	01
	10
	User 3, B2+B3
	User 2, B2+B3

	15
	0
	00
	11
	01
	10
	User 1, B2+B3
	User 4, B2+B3

	16
	1
	00
	10
	01
	11
	User 3, B2+B3
	User 4, B2+B3

	17
	0
	00
	10
	01
	11
	User 1, B3+B4
	User 2, B3+B4

	18
	1
	00
	11
	01
	10
	User 3, B3+B4
	User 4, B3+B4

	19
	0
	00
	11
	01
	10
	User 1, B3+B4
	User 4, B3+B4

	20
	1
	00
	10
	01
	11
	User 3, B3+B4
	User 4, B3+B4

	21
	0
	00
	10
	01
	11
	User 1, B4+B5
	User 2, B4+B5

	22
	1
	00
	11
	01
	10
	User 3, B4+B5
	User 4, B4+B5

	23
	0
	00
	11
	01
	10
	User 1, B4+B5
	User 4, B4+B5

	24
	1
	00
	10
	01
	11
	User 3, B4+B5
	User 4, B4+B5

	25
	1
	00
	10
	10
	11
	User 3, SACCH
	User 4, SACCH



Table 7  Optimized User Diversity Half Rate Pattern 2 per 26 multiframe.

a)  User 1 and User 3: legacy MS or legacy SAIC MS; User 2 and User 4: OSC aware MS’s

b)  User 1: legacy MS or legacy SAIC MS; User 2 to User 4: OSC aware MS’s

c)  User 1 to User 4: OSC aware MS’s
1.2.2.5.3.3 Optimized User Diversity Half Rate Pattern 3

The channel configuration depicted in Table 8 is related to one timeslot. The configuration supports the same scenarios as Pattern 2 and up to four users for the following three scenarios:
a) 2 legacy MS’s + 2 OSC aware MS’s 

b) 1 legacy MS’s + 3 OSC aware MS’s 

c) 4 OSC aware MS’s
	Frame
	Active HR SC
	User Diversity Pattern (OSC, SC)
	User in OSC

	
	
	User 1
	User 2
	User 3
	User 4
	OSC-0
	OSC-1

	0
	0
	00
	10
	01
	10
	User 1, Bx+B0
	User 2, Bx+B0

	1
	1
	00
	11
	01
	01
	User 3, Bx+B0
	User 2, Bx+B0

	2
	0
	00
	11
	01
	10
	User 1, Bx+B0
	User 4, Bx+B0

	3
	1
	00
	10
	01
	11
	User 3, Bx+B0
	User 4, Bx+B0

	4
	0
	00
	10
	01
	11
	User 1, B0+B1
	User 2, B0+B1

	5
	1
	00
	11
	01
	10
	User 3, B0+B1
	User 2, B0+B1

	6
	0
	00
	10
	01
	11
	User 1,B0+B1
	User 2, SACCH

	7
	1
	00
	10
	01
	11
	User 3, B0+B1
	User 4, B0+B1

	8
	0
	00
	11
	01
	10
	User 1,B1+B2
	User 4, B0+B1

	9
	1
	00
	11
	01
	10
	User 3, B1+B2
	User 2, B1+B2

	10
	0
	00
	10
	01
	11
	User 1, B1+B2
	User 2, B1+B2

	11
	1
	00
	10
	01
	11
	User 3, B1+B2
	User 4, B1+B2

	12
	0
	00
	11
	01
	10
	User 1, SACCH
	User 4, B1+B2

	13
	0
	00
	10
	01
	10
	User 1, B2+B3
	User 2, B2+B3

	14
	1
	00
	11
	01
	01
	User 3, B2+B3
	User 2, B2+B3

	15
	0
	00
	11
	01
	10
	User 1, B2+B3
	User 4, B2+B3

	16
	1
	00
	10
	01
	11
	User 3, B2+B3
	User 4, B2+B3

	17
	0
	00
	10
	01
	11
	User 1, B3+B4
	User 2, B3+B4

	18
	1
	00
	11
	01
	10
	User 3, B3+B4
	User 2, B3+B4

	19
	0
	00
	10
	01
	10
	User 1,B3+B4
	User 4, SACCH

	20
	1
	00
	10
	01
	11
	User 3, B3+B4
	User 4, B3+B4

	21
	0
	00
	11
	01
	10
	User 1,B4+B5
	User 4, B3+B4

	22
	1
	00
	11
	01
	10
	User 3, B4+B5
	User 2, B4+B5

	23
	0
	00
	10
	01
	11
	User 1, B4+B5
	User 2, B4+B5

	24
	1
	00
	10
	01
	11
	User 3, B4+B5
	User 4, B4+B5

	25
	1
	00
	10
	01
	11
	User 3, SACCH
	User 4, B4+B5



Table 8  Optimized User Diversity Half Rate Pattern 3 with shift of SACCH 
per 26 multiframe.

a)  User 1 and User 3: legacy MS or legacy SAIC MS; User 2 and User 4: OSC aware MS’s

b)  User 1: legacy MS or legacy SAIC MS; User 2 to User 4: OSC aware MS’s

c)  User 1 to User 4: OSC aware MS’s
Note the difference to Pattern 2 is the shift of the SACCH for User 2 and User 4 , i.e. the advance of 6 TDMA frames.
1.2.2.5.3.4 Optimized User Diversity Full Rate Pattern 1
The channel configuration depicted in Table 9 is related to one timeslot. The configuration supports up to two users for the following three scenarios:
a) 2 legacy MS’s 

b) 1 legacy MS’s + 1 OSC aware MS

c) 2 OSC aware MS

	Frame
	User Diversity Pattern (OSC)
	User in OSC

	
	User 1
	User 2
	
	OSC-0
	OSC-1

	0
	1
	1
	
	User 1, Bx+B0
	User 2, Bx+B0

	1
	1
	1
	
	User 1, Bx+B0
	User 2, Bx+B0

	2
	1
	1
	
	User 1, Bx+B0
	User 2, Bx+B0

	3
	1
	1
	
	User 1, Bx+B0
	User 2, Bx+B0

	4
	1
	1
	
	User 1, B0+B1
	User 2, B0+B1

	5
	1
	1
	
	User 1, B0+B1
	User 2, B0+B1

	6
	1
	1
	
	User 1, B0+B1
	User 2, B0+B1

	7
	1
	1
	
	User 1, B0+B1
	User 2, B0+B1

	8
	1
	1
	
	User 1, B1+B2
	User 2, B1+B2

	9
	1
	1
	
	User 1, B1+B2
	User 2, B1+B2

	10
	1
	1
	
	User 1, B1+B2
	User 2, B1+B2

	11
	1
	1
	
	User 1, B1+B2
	User 2, B1+B2

	12
	1
	0
	
	User 1, SACCH
	Legacy User 2, SACCH

	13
	1
	1
	
	User 1, B2+B3
	User 2, B2+B3  

	14
	1
	1
	
	User 1, B2+B3
	User 2, B2+B3  

	…
	
	
	
	
	

	25
	0
	1
	
	-
	OSC User 2, SACCH


Table 9  Optimized User Diversity Full Rate Pattern 1 per 26 multiframe.

a) User 1 to User 2: legacy MS or legacy SAIC MS with SACCH in Frame 12
b) User 1: legacy MS or legacy SAIC MS; User 2: OSC aware MS with SACCH in Frame 25 for User 2
c) User 1 to User 2: OSC aware MS with SACCH in Frame 25 for User 2 

1.2.2.5.3.5 Optimized User Diversity Full Rate Pattern 2

The channel configuration depicted in Table 10 is related to a timeslot pair. The configuration supports up to four users for the following two scenarios:
a) 4 legacy MS’s 

b) 3 legacy MS’s + 1 OSC aware MS

	Frame
	TS
	Active SFS
	User Diversity Pattern (OSC, SFS)
	User in OSC

	
	
	
	User 1
	User 2
	User 3
	User 4
	OSC-0
	OSC-1

	0
	0
	0
	00
	10
	01
	11
	User 1, Bx+B0
	User 2, Bx+B0

	0
	1
	1
	00
	10
	01
	11
	User 3, Bx+B0
	User 4, Bx+B0

	1
	0
	0
	00
	10
	01
	11
	User 1, Bx+B0
	User 2, Bx+B0

	1
	1
	1
	00
	10
	01
	11
	User 3, Bx+B0
	User 4, Bx+B0

	2
	0
	0
	00
	10
	01
	11
	User 1, Bx+B0
	User 2, Bx+B0

	2
	1
	1
	00
	10
	01
	11
	User 3, Bx+B0
	User 4, Bx+B0

	3
	0
	0
	00
	10
	01
	11
	User 1,Bx+B0
	User 2, Bx+B0

	3
	1
	1
	00
	10
	01
	11
	User 3, Bx+B0
	User 4, Bx+B0

	4
	0
	0
	00
	10
	01
	11
	User 1, B0+B1
	User 2, B0+B1

	4
	1
	1
	00
	10
	01
	11
	User 3, B0+B1
	User 4, B0+B1

	5
	0
	0
	00
	10
	01
	11
	User 1, B0+B1
	User 2, B0+B1

	5
	1
	1
	00
	10
	01
	11
	User 3, B0+B1
	User 4, B0+B1

	6
	0
	0
	00
	10
	01
	11
	User 1, B0+B1
	User 2, B0+B1

	6
	1
	1
	00
	10
	01
	11
	User 3, B0+B1
	User 4, B0+B1

	7
	0
	0
	00
	10
	01
	11
	User 1, B0+B1
	User 2, B0+B1

	7
	1
	1
	00
	10
	01
	11
	User 3, B0+B1
	User 4, B0+B1

	8
	0
	0
	00
	10
	01
	11
	User 1, B1+B2
	User 2, B1+B2

	8
	1
	1
	00
	10
	01
	11
	User 3, B1+B2
	User 4, B1+B2

	9
	0
	0
	00
	10
	01
	11
	User 1, B1+B2
	User 2, B1+B2

	9
	1
	1
	00
	10
	01
	11
	User 3, B1+B2
	User 4, B1+B2

	10
	0
	0
	00
	10
	01
	11
	User 1, B1+B2
	User 2, B1+B2

	10
	1
	1
	00
	10
	01
	11
	User 3, B1+B2
	User 4, B1+B2

	11
	0
	0
	00
	10
	01
	11
	User 1, B1+B2
	User 2, B1+B2

	11
	1
	1
	00
	10
	01
	11
	User 3, B1+B2
	User 4, B1+B2

	12
	0
	0
	00
	10
	01
	11
	User 1, SACCH
	Legacy User 2, SACCH

	12
	1
	1
	00
	10
	01
	11
	User 3, SACCH
	Legacy User 4, SACCH

	13
	0
	0
	00
	10
	01
	11
	User 1, B2+B3
	User 2, B2+B3  

	13
	1
	1
	00
	10
	01
	11
	User 3, B2+B3
	User 4, B2+B3

	14
	0
	0
	00
	10
	01
	11
	User 1, B2+B3
	User 2, B2+B3  

	14
	1
	1
	00
	10
	01
	11
	User 3, B2+B3
	User 4, B2+B3

	…
	
	
	
	
	
	
	
	

	25
	0
	0
	00
	10
	01
	11
	-
	  

	25
	1
	1
	00
	10
	01
	11
	-
	OSC User 4, SACCH


Table 10  Optimized User Diversity Full Rate Pattern 2 per 26 multiframe.

a) User 1 to User 4: legacy MS or legacy SAIC MS; all users use Frame 12 for SACCH.
b) User 1 to User 3: legacy MS or legacy SAIC MS; User 4: OSC aware MS  (one example); User 4 uses SACCH in Frame 25. Hence the OSC aware user uses Frame 25 for SACCH in this configuration. Instead of User 4, User 2 could identify an OSC aware MS. In this case the SACCH for OSC User 2 is allocated in Frame 25 TS 0.

1.2.2.5.3.6 Optimized User Diversity Full Rate Pattern 3 
The channel configuration depicted in Table 11 is related to a timeslot pair. The configuration supports up to four users for the following three scenarios:
a) 2 legacy MS’s + 2 OSC aware MS’s 

b) 1 legacy MS’s + 3 OSC aware MS’s 

c) 4 OSC aware MS’s

	Frame
	TS
	Active SFS
	User Diversity Pattern (OSC, SFS)
	User in OSC

	
	
	
	User 1
	User 2
	User 3
	User 4
	OSC-0
	OSC-1

	0
	0
	0
	00
	10
	01
	11
	User 1, Bx+B0
	User 2, Bx+B0

	0
	1
	1
	00
	10
	01
	11
	User 3, Bx+B0
	User 4, Bx+B0

	1
	0
	0
	00
	11
	01
	10
	User 1, Bx+B0
	User 4, Bx+B0

	1
	1
	1
	00
	11
	01
	10
	User 3, Bx+B0
	User 2, Bx+B0

	2
	0
	0
	00
	11
	01
	10
	User 1, Bx+B0
	User 4, Bx+B0

	2
	1
	1
	00
	11
	01
	10
	User 3, Bx+B0
	User 2, Bx+B0

	3
	0
	0
	00
	10
	01
	11
	User 1,Bx+B0
	User 2, Bx+B0

	3
	1
	1
	00
	10
	01
	11
	User 3, Bx+B0
	User 4, Bx+B0

	4
	0
	0
	00
	10
	01
	11
	User 1, B0+B1
	User 2, B0+B1

	4
	1
	1
	00
	10
	01
	11
	User 3, B0+B1
	User 4, B0+B1

	5
	0
	0
	00
	11
	01
	10
	User 1, B0+B1
	User 4, B0+B1

	5
	1
	1
	00
	11
	01
	10
	User 3, B0+B1
	User 2, B0+B1

	6
	0
	0
	00
	11
	01
	10
	User 1, B0+B1
	User 4, B0+B1

	6
	1
	1
	00
	11
	01
	10
	User 3, B0+B1
	User 2, B0+B1

	7
	0
	0
	00
	10
	01
	11
	User 1, B0+B1
	User 2, B0+B1

	7
	1
	1
	00
	10
	01
	11
	User 3, B0+B1
	User 4, B0+B1

	8
	0
	0
	00
	10
	01
	11
	User 1, B1+B2
	User 2, B1+B2

	8
	1
	1
	00
	10
	01
	11
	User 3, B1+B2
	User 4, B1+B2

	9
	0
	0
	00
	11
	01
	10
	User 1, B1+B2
	User 4, B1+B2

	9
	1
	1
	00
	11
	01
	10
	User 3, B1+B2
	User 2, B1+B2

	10
	0
	0
	00
	11
	01
	10
	User 1, B1+B2
	User 4, B1+B2

	10
	1
	1
	00
	11
	01
	10
	User 3, B1+B2
	User 2, B1+B2

	11
	0
	0
	00
	10
	01
	11
	User 1, B1+B2
	User 2, B1+B2

	11
	1
	1
	00
	10
	01
	11
	User 3, B1+B2
	User 4, B1+B2

	12
	0
	0
	00
	10
	01
	11
	User 1, SACCH
	-

	12
	1
	1
	00
	10
	01
	11
	User 3, SACCH
	-

	13
	0
	0
	00
	10
	01
	11
	User 1, B2+B3
	User 2, B2+B3  

	13
	1
	1
	00
	10
	01
	11
	User 3, B2+B3
	User 4, B2+B3

	14
	0
	0
	00
	11
	01
	10
	User 1, B2+B3
	User 4, B2+B3  

	14
	1
	1
	00
	11
	01
	10
	User 3, B2+B3
	User 2, B2+B3

	…
	
	
	
	
	
	
	
	

	25
	0
	0
	00
	10
	01
	11
	-
	User 2, SACCH

	25
	1
	1
	00
	10
	01
	11
	-
	User 4, SACCH


Table 11  Optimized User Diversity Full Rate Pattern 3 per 26 multiframe.

a)  User 1 and User 3: legacy MS or legacy SAIC MS; User 2 and User 4: OSC aware MS’s

b)  User 1: legacy MS or legacy SAIC MS; User 2 to User 4: OSC aware MS’s

c)  User 1 to User 4: OSC aware MS’s
1.2.2.5.4  Benefits of Optimized User Diversity 
Optimized User Diversity will mitigate the drawbacks of the Basic User Diversity proposal in the context of impact of variable speech block delivery and of coexistence scenarios with legacy mobiles. Different patterns for full rate and half rate channells have been designed in such way 

a) that they allow to apply the same constant interleaving depth for full rate channels (8 bursts) as for legacy channels, 

b) that they allow to apply the same constant interleaving depth for half rate channels (4 bursts) as for legacy channels and an reduced transfer delay by 5ms (30 ms instead of 35 ms) and 

c) that they can serve a variable mix of legacy and new OSC aware mobiles with least signalling. In particular signalling support for new OSC aware mobiles will be needed to index the user diversity pattern and the position of the user, hence a total of 4 bits per user. The method for this signalling support is FFS. 

As outlined in [4] the proposed method will yield increased interference diversity both for TCH and SACCH channels in OSC configurations and is independent of employed frequency hopping type. Hence no frequency planning aspects are imposed by the introduction of the user diversity concept. Performance characterization is given in section 2.2.2.5 .
The described enhancement above is foreseen to be used together with the basic OSC candidate technique. Furthermore it is to be noted, that the concept is equally applicable to other candidates like co-TCH and alpha-QPSK.

1.3 Uplink concept

The uplink concept for OSC includes a subset of changes for the downlink. In particular two independent uplink transmissions are simultaneously received at the BTS. In the following the aspects of modulation and burst structure, usage of new training sequences and Tx pulse shapes, definition of associated control channel structure and application of the user diversity scheme are considered. 
1.3.1 Modulation and burst structure 
Modulation (i.e. GMSK) and burst structure (normal burst) are the same as for legacy traffic channels. 

1.3.2 Usage of new training sequences

The mobiles use normal GMSK transmitter with OSC sub channel specific training sequence. Hence both sub channels can be distinguished by their training sequence, similarily as for downlink. A pair of legacy TSCs is used for legacy mobiles, whilst  new OSC aware mobiles use new training sequences as depicted in section 1.2.1.2 . Training sequence on uplink is always identical to that employed for downlink.
1.3.3 Tx pulse shape

Different Tx pulse shapes may be used in uplink as proposed for downlink. Whilst the reuse of the GMSK pulse shape is proposed for the initial OSC concept, investigations on an optimized Tx pulse in uplink are FFS.
1.3.4 Associated control channels


FACCH transmission for full rate and halfrate OSC channel is identical to the 
legacy channel case.

SACCH transmission for full rate OSC channel may use option 1, 2 or 3 as 
depicted in section 1.2.1.7 for downlink. 
SACCH transmission for half rate OSC channel may use option 1 or 2 as depicted in section 1.2.1.7 for downlink. In addition a third option is to use time shift of the SACCH channel as proposed for user diversity (see section 1.2.2.5.3.3, optimized user diversity half rate pattern 3).
1.3.5 User diversity


The user diversity scheme applied for downlink should also be used in uplink, i.e. 
the optimized user diversity pattern should be identical. Hence a signalling 
command refering to the user diversity pattern to be used on DL is also related 
to UL.
1.3.6 BTS receiver
BTS receiver 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, the uplink scheme can be seen as a 2x2 Multi User MIMO, where different propagation paths from two users provide the basis to fully utilize the degree of freedom of two receive antennas in typical BTS. 

1.4 RR signalling


The following changes to RR signalling 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 (4 bits).
· Channel assignment should include the specified user diversity pattern (2 bits for OSC FR channel and 2 bits for OSC HR channel) and the index for the mobile (2 bits) in case of user diversity support.

2. Performance Characterization 
2.1 Link Level Performance
Link performance is characterized for sensitivity and for interference limited scenarios [2],[6],[7]. Simulations are performed for full rate and half rate AMR channels using some selected codec rates. Following fading radio channel profiles at GSM900 band are used: 

• Typical urban, terminal speed 3 km/h, ideal frequency hopping (TU3iFH), 

• Hilly terrain, terminal speed 100 km/h, ideal frequency hopping (HT100iFH).

Sensitivity and DARP test scenario-2 (DTS-2) are considered as noise and interference distortions, respectively. The baseline downlink receiver model is according to a generic DARP Phase 1 mobile station. OSC service is simulated with the same unmodified receiver. OSC signals are generated by mapping the users on QPSK constellation with equal transmission power between the sub channels. Signal rotation of /2 is used. Tx pulse shaping is done according to Linearized GMSK pulse shaping filter, also the performance of alternative pulse shapes is evaluated. 
2.1.1 Sensitivity Performance

For performance measurement the frame erasure rate (FER) is displayed over the signal to noise ratio (SNR).
2.1.1.1 Sensitivity in downlink 
Results are presented for the case of equal power on the subchannels (SCPIR = 0 dB) in subsection 2.1.1.1.1 and for the case of unequal power on the subchannels in subsection 2.1.1.1.2 .
2.1.1.1.1 Sensitivity in downlink without sub channel specific power control


Different receiver types have been assumed such as DARP phase 1 with usage of 
legacy TSC’s on both subchannels, with usage of new TSC on paired subchannel 
and OSC aware receiver benefitting from the knowledge of the training 
sequences employed on both subchannels.
2.1.1.1.1.1 Performance for DARP Phase 1 receiver and legacy training sequences
Legacy training sequence codes are applied to the sub channels, in that legacy training sequence pair TSC0 and TSC2 has been used. In Figure 6 and Figure 7 the downlink sensitivity performance of OSC is evaluated for some codecs of AMR Full Rate (AFS) and AMR Half Rate (AHS) without and with ideal frequency hopping respectively.
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	Figure 6  DL sensitivity FER performance in TU3nFH of generic DARP phase 1 MS 
receiving an OSC sub channel with AMR FR 5.9, 12.2 and AMR HR 5.9. 
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	Figure 7  DL sensitivity FER performance in TU3iFH of generic DARP phase 1 MS 
receiving an OSC sub channel with AMR FR 5.9, 12.2 and AMR HR 5.9. 


In Figure 8 the downlink sensitivity performance of OSC is evaluated for different transmit pulse shaping filters. Simulated pulse shaping filters are Linearized GMSK filter and Root Raised Cosine filters with normalized bandwidths of 180, 240 and 270 kHz. Sensitivity performance is clearly improved with RRC filters.
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	Figure 8  DL sensitivity FER performance in TU3iFH of generic DARP phase 1 MS 
receiving an OSC sub channel with AMR FR 5.9 and HR 5.9 
with different transmit pulse shaping filters.


In Figure 9 the downlink sensitivity performance of OSC in Hilly Terrain 100 km/h radio propagation channel is evaluated against reference.
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	Figure 9  DL sensitivity FER performance in HT100iFH of generic DARP phase 1 MS 
receiving an OSC sub channel with AMR FR 5.9 and 12.2.


It is shown that the performance of a legacy DARP pgas 1 MS receiving an OSC sub channel is adequate in average network conditions, and more robust AMR channels can also provide sufficient coverage. Sensitivity would be significantly improved by more optimum transmit filter than Linearized GMSK filter. MUROS downlink concept also works in difficult radio propagation conditions, but the usage of high rate AMR codecs is limited to good SNR region.
2.1.1.1.1.2 
Performance for a DARP phase 1 receiver in case of a new training sequence on 
paired sub channel

Furthermore investigations with a non-OSC aware type of receiver, such as a 
DARP phase 1 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 1.2.1.2 for the paired sub 
channel. Results are reported in Figure 10. 


[image: image13]
Figure 10  FER versus SNR for AMR FR 5.9 at TU3 iFH for DARP phase 1 receiver and usage of legacy TSCs only or mix of legacy and new TSC’s 
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 12. 
	Configuration 
	SNR for FER=1%
	Loss to Reference

	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 cross-correlation
	7.9 dB
	6.0 dB


Table 12  Link Performace and Loss to Reference for AMR FR 5.9 @ FER=1%
2.1.1.1.1.3 Performance for OSC aware receiver and usage of new training sequences
The FER versus SNR is shown in Figure 11. It can be seen that OSC would need about 2.6 - 3.2 dB higher Es/No for doubled capacity in sensitivity limited scenarios, i.e. Eb/No is about the same as for related GMSK service, depending on the receiver type (2.6 dB for OSC aware receiver and 3.2 dB for DARP phase 1 receiver).
Since QPSK in downlink may need to reduce transmitter power compared to GMSK due to higher PAR by 2.2 dB in case of RRC pulse shape, further due to 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 and which needs 2.6 dB higher Es/No, this yields a 4.8 dB lower link budget for doubled capacity in case of  sensitivity limited scenarios. For comparison AMR HR 5.9 needs about 7dB higher Es/No than AMR FR 5.9, thus fullrate orthogonal sub channel could improve HR coverage by about 2 dB 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. Performance of non-DARP phase 1 legacy MSes is FFS.
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Figure 11  FER versus SNR for AMR FR 5.9 at TU3 iFH for DARP Phase 1 and OSC aware receivers with RRC270 TX pulse shape in case of OSC.
2.1.1.2 Sensitivity in downlink with subchannel specific power control

In this section, simulation results are shown to verify how the SAIC (i.e. DARP phase 1) and non-SAIC mobiles behave in the sensitivity limited cases when receiving signals on downlink with sub-channel power control. TU 3 ideal frequency hopping channel is simulated under sensitivity limited conditions with AWGN noise interferer. It can be seen from Figure 12 that the performance of SAIC mobile both on strong and weak channels using the rectangular constellation points possible with 8-PSK modulator is acceptable. Also from Figure 13, it can be seen that legacy non-SAIC mobiles can also decode the OSC signal in downlink if they are multiplexed on the stronger channel. It should be noted that all the bursts used a rectangular constellation here (i.e the case of maximum power imbalance between the subchannels). Further granularity in power control steps could be obtained by varying the constellation diagram as depicted in section 1.2.2.2 but this exercise is not repeated here. Further, it can also be noted that as long as the mobiles are multiplexed on the strong channel, the performance of the legacy mobiles with and without SAIC in sensitivity limited scenarios is quite close as seen from the performance of user 2 – who is the stronger user in Figure 12 and Figure 13. 
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Figure 12: Sensitivity performance – SAIC ON
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Figure 13: Sensitivity performance – SAIC OFF


2.1.1.3 Sensitivity in uplink
For uplink sensitivity simulations a SIC receiver has been used (Successive Interference Cancellation). Performance for IRC receiver type (reference) and SIC receiver is shown in Figure 14 for different level offsets between coincident users, i.e. SCPIR = -20dB ... +10dB (related to wanted subchannel). FER values are normalized values so that reference AMR HR 7.4 exhibits 1% FER at SNR = 0 dB. It seems that about 2.6 dB loss in coverage is experienced when other orthogonal signal is 10dB higher than wanted signal when SIC receiver is used. At higher SNR levels higher offsets are tolerated. For SCPIR = - 20 dB, a performance loss of almost 6 dB is observed compared to the reference.  
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	Figure 14  UL sensitivity FER performance of a SIC receiver receiving 
an OSC sub channel with AMR HR 7.4 in dependence of SNR.


OSC concept evaluation in uplink shows that low complexity SIC equalizer can support two subchannels with 2-3 dB difference to the single user uplink channel for SCPIR between -10 dB...10 dB, and even somewhat higher ratios can be tolerated with moderate SNR performance loss.
2.1.2 Interference Performance

2.1.2.1 Interference limited performance in downlink

2.1.2.1.1 Interference performance in downlink without subchannel specific power control

2.1.2.1.1.1 Performance for MUROS Test Scenario 1

See performance evaluation in section 2.1.2.1.2 .
2.1.2.1.1.2 Performance for MUROS Test Scenario 2

Different receiver types have been assumed such as DARP phase 1 with usage of 
legacy TSC’s on both subchannels, with usage of new TSC on paired subchannel 
and OSC aware receiver benefitting from the knowledge of the training 
sequences employed on both subchannels.

2.1.2.1.1.2.1 Performance for DARP Phase 1 receiver with legacy training sequences
For performance measurement the frame erasure rate (FER) is displayed over the the carrier to interferer ratio (CIR). The CIR for MTS-2 scenario is related to the dominant interferer designated as C/I0. In case of OSC the power of the wanted sub channel is considered. The other orthogonal sub channel is not taken into account in C/I calculation. Performance was compared applying linearized GMSK pulse shape filter.
In Figure 15 the downlink performance of MTS-2 is evaluated against reference for some codecs of AMR Full Rate (AFS) and AMR Half Rate (AHS) with ideal frequency hopping.
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	Figure 15  DL MTS-2 FER performance in TU3iFH of generic DARP phase 1 MS 
receiving an OSC sub channel with AMR FR 5.9, AMR FR 12.2 and AMR HR 5.9. 


Performance comparison at FER=1% is captured in Table 13 for the three invstigated AMR codec types.                 

	Configuration 
	C/I0 for FER=1%
	Loss to Reference

	OSC AMR FR 12.2
	15.0 dB
	8.6 dB

	OSC AMR FR 5.9
	8.9 dB
	7.3 dB

	OSC AMR HR 5.9
	17.0 dB
	8.7 dB


Table 13  Link Performace and Loss to Reference for AMR FR 5.9 @ FER=1%
2.1.2.1.1.3 Performance for OSC aware receiver and usage of new training sequences
Interference performance shown in Figure 16 seems to have about similar 2.6-3.4dB difference as in sensitivity limited case. Again RRC 270 Tx pulse shape was used in this evaluation as well as new TSC for the paired subchannel. Performance is depicted for both a DARP phase 1 (GMSK RX for OSC) and an OSC aware MS. For comparison AMR HR 5.9 needs about 7dB higher C/I than AMR FR 5.9, thus orthogonal sub channel can improve HR performance by about 4 dB in TU3 iFH.
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                          Figure 16  FER for AMR FR 5.9 in TU3 iFH at MTS-2 for DARP phase 1 receiver (GMSK RX for OSC) and OSC aware receiver.
2.1.2.1.2 Interference performance in downlink with subchannel specific power control


Simulation parameters are depicted in Table 14.

	Parameter
	Value

	Channel
	TU 3

	Frequency hopping
	Ideal

	AMR modes
	TCHHS, TCHAFS 12.2, TCHAFS 5.9, TCHAHS 5.9

	Antenna diversity (TX and RX)
	Off

	SAIC
	On / Off

	External Interference
	Single Co-channel (MTS-1)

	External Interferer Modulation
	GMSK

	C/I
	Carrier Power (includes both users) / Power of External Interferer

	TSCs
	TSC-0 legacy and TSC-0 from new set shown in section 1.2.1.2

	Number of frames
	10000 frames per each C/I point


Table 14: Simulation settings for downlink interference performance with subchannel specific power control

2.1.2.1.2.1 Multiplexing a SAIC mobile with a legacy non-SAIC mobile

In this section the case of multiplexing a SAIC mobile with a non-SAIC mobile is studied. It should be noted that one of the two mobiles use the newer TSC hence they are not entirely legacy in that sense. However, apart from the knowledge of the new TSC, nothing else is modified for the SAIC algorithm. Hence, the SAIC mobile with the knowledge of new TSC here might as well represent a OSC aware mobile. 

The multiplexing case studied here is the case when the SAIC mobile is on the weaker sub-channel and the legacy non-SAIC mobile is on the stronger sub-channel. This is the typical multiplexing use case to support legacy non-SAIC mobiles in the field using OSC. The results are shown in Figures 17, 18, 19 and 20. It can be observed that to multiplex 4 users (2 of which are legacy non-SAIC mobiles) using half rate codecs – TCHHS or TCHAHS 5.9, C/Is around 10 to 20 dB are sufficient in the cell. To multiplex full rate users using TCHAFS 5.9 for instance C/I ratios from 3 to 15 dB are sufficient. Thus it can be seen that multiplexing a legacy non-SAIC mobile with a SAIC mobile using OSC is feasible using both full rate and half rate codec modes. Hence, up to four users including legacy non-SAIC mobiles could be multiplexed using OSC in downlink using the proposed power control strategy. 
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Figure 17  TCH:HS
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Figure 18  TCHAFS 12.2
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Figure 19 TCHAHS 5.9
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Figure 20 TCHAFS 5.9


Legend: In the figures above, the usage of rectangular and square constellations is switched using a predetermined pattern of length 8. For instance, Square1_Rect7_SAIC_ON depicts the performance of a SAIC mobile when the constellation diagram is switched between 1 square (QPSK burst) and 7 rectangular bursts alternatively. It should be noted that when the rectangular burst is used, the signal corresponding to the SAIC mobile is attenuated (by approximately 7.6592 dB). RectConst_SAIC_ON refers to the case when all the bursts use the depicted rectangular constellation (performance of SAIC mobile which in this case is always on the weaker channel is depicted) and SquareConst_SAIC_OFF referes to the case when all the bursts use QPSK (performance of non SAIC mobile is depicted). 
2.1.2.1.2.2 Multiplexing two SAIC mobiles

Multiplexing two SAIC mobiles is the easier case compared to the case studied in section above. The advantage of having 2 SAIC mobiles is that multiplexing could be achieved with much lower C/Is in the cell as seen from Figures 21, 22, 23 and 24. Here user 2 is always put on the strong channel and user 1 is put on the weaker channel. It can be seen that with 2 SAIC mobiles, C/I ratios in the range of -3 to 12 dB are sufficient to support simultaneous voice call between two mobiles on the downlink using TCHAFS 5.9 codec for instance. It should again be noted that one of the two SAIC mobiles used the orthogonal TSC from the new TSC set and hence can be considered as a OSC aware mobile. Alternatively two TSCs from the legacy set which have good orthogonality could also be chosen thereby multiplexing 2 legacy SAIC mobiles simultaneously. This case however has not been investigated here. 
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Figure 21 TCH:HS
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Figure 22 TCHAFS 12.2
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Figure 23 TCHAHS 5.9
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Figure 24 TCHAFS 5.9


2.2 Network Level Performance
2.2.1 Network Configurations
In order to evaluate the system impact of OSC, network simulations for the agreed MUROS network configurations were carried out. Studied network configurations are shown in Table 15 and the used channel modes and channel  adaptation types in  Table 16. Adaptation between OSC and non-OSC channel was based both on load and quality measurements. DL receiver type was DARP Phase 1. The employed BTS antenna type had a 65° horizontal half power beamwidth [8]. 
	Parameter
	MUROS-1
	MUROS-2
	MUROS-3 a)
	MUROS-3 b)

	Frequency band (MHz)
	900
	900
	1800
	1800

	Cell radius
	500 m
	500 m
	500 m
	500 m

	Bandwidth
	4.4 MHz
	11.6 MHz
	2.6 MHz
	2.6 MHz

	Guard band
	0.2 MHz
	0.2 MHz
	0.2 MHz
	0.2 MHz

	# channels excluding guard band
	21
	57
	12
	12

	# TRX
	4
	6
	4
	4

	BCCH frequency reuse
	4/12
	4/12
	N.A.
	N.A.

	TCH frequency reuse
	1/1
	3/9 
	1/3
	1/1

	
	
	
	
	

	Frequency Hopping
	Synthesized
	Baseband 
	Synthesized
	Synthesized

	Length of MA (# FH frequencies)
	9
	5 
	4 
	4 

	Fast fading type
	TU
	TU
	TU
	TU

	BCCH or TCH under interest
	Both
	Both
	TCH
	TCH

	Network sync mode
	sync
	sync 
	sync 
	sync 


Table 15  Studied network configurations. 

	Channel Mode Adaptation 
	Channel modes

	Type A0
	GSM HR 

	Type A1
	GSM HR  <-> OSC HR

	Type B0
	AFS 12.2 

	Type B1
	AFS 12.2 <-> OSC AFS 12.2

	Type C0
	AFS 5.9 

	Type C1
	AFS 5.9 <-> OSC AFS 5.9

	Type D0
	AHS 5.9 

	Type D1
	AHS 5.9 <-> OSC AHS 5.9


Table 16  Studied channel modes and channel adaptation types.
2.2.2 Performance results

System performance results in terms of blocking and DL TCH FER are presented in 
this section. The following criteria for definition of minimum call quality 
performance were used:

- blocked calls < 2 % 

- call average TCH FER:

· channels using full rate coding < 2% for at least 95% of the users

· channels using half rate coding < 3% for at least 95% of the users 

2.2.2.1 MUROS-1

MUROS-1 capacity numbers are presented in Table 17. A0 (=GSM HR) and C0 (= AFS 5.9) were blocking limited, whereas all the other cases were quality limited. 

	Type
	Description
	Spectral Efficiency [Users/MHz/site]
	Hardware Efficiency [Users/TRX]
	Limiting factor

	A0 
	HR
	36.21
	14.48
	Blocked calls

	A1
	MUROS HR
	32.10
	12.84
	Bad quality calls (3%)

	B0
	AFS 12.2
	14.23
	5.69
	Bad quality calls (2%)

	B1
	MUROS AFS 12.2
	14.31
	5.72
	Bad quality calls (2%)

	C0
	AFS 5.9
	14.90
	5.96
	Blocked calls

	C1
	MUROS AFS 5.9
	28.09
	11.24
	Bad quality calls (2%)

	D0
	AHS 5.9
	26.41
	10.56
	Bad quality calls (3%)

	D1
	MUROS AHS 5.9
	23.04
	9.22
	Bad quality calls (3%)


Table 17  MUROS-1 performance results.
2.2.2.2 MUROS-2

MUROS-2 capacity results are shown in Table 18. In this loose frequency reuse case (BCCH 4/12 and TCH 3/9) A1. B1 and D1 were quality limited and all the other cases were blocking limited. 

	Type
	Description
	Spectral Efficiency [Users/MHz/site]
	Hardware Efficiency [Users/TRX]
	Limiting factor

	A0 
	HR
	20.94
	14.47
	Blocked calls

	A1
	MUROS HR
	42.62
	29.44
	Bad quality calls (3%)

	B0
	AFS 12.2
	9.71
	6.71
	Blocked calls

	B1
	MUROS AFS 12.2
	13.78
	9.52
	Bad quality calls (2%)

	C0
	AFS 5.9
	9.66
	6.68
	Blocked calls

	C1
	MUROS AFS 5.9
	20.93
	14.46
	Blocked calls

	D0
	AHS 5.9
	20.91
	14.45
	Blocked calls

	D1
	MUROS AHS 5.9
	28.59
	19.75
	Bad quality calls (3%)


Table 18  MUROS-2 performance results.
2.2.2.3 MUROS-3
Capacity results for MUROS-3 are shown in Table 19 and Table 20. Most of the cases where quality limited in this tight frequency reuse network (TCH reuse 1/3 for MUROS-3 a) or 1/1 for MUROS-3 b), respectively). 

	Type
	Description
	Spectral Efficiency [Users/MHz/site]
	Hardware Efficiency [Users/TRX]
	Limiting factor

	A0 
	HR
	59.08
	11.82
	Bad quality calls (3%)

	A1
	MUROS HR
	51.59
	10.32
	Bad quality calls (3%)

	B0
	AFS 12.2
	21.85
	4.37
	Bad quality calls (2%)

	B1
	MUROS AFS 12.2
	21.58
	4.32
	Bad quality calls (2%)

	C0
	AFS 5.9
	32.80
	6.56
	Blocked

	C1
	MUROS AFS 5.9
	40.44
	8.09
	Bad quality calls (2%)

	D0
	AHS 5.9
	42.41
	8.48
	Bad quality calls (3%)

	D1
	MUROS AHS 5.9
	37.99
	7.60
	Bad quality calls (3%)


Table 19  MUROS-3 a) performance results.

	Type
	Description
	Spectral Efficiency [Users/MHz/site]
	Hardware Efficiency [Users/TRX]
	Limiting factor

	A0 
	HR
	73.86
	14.77
	Blocked calls

	A1
	MUROS HR
	66.44
	13.29
	Bad quality calls (3%)

	B0
	AFS 12.2
	29.58
	5.92
	Bad quality calls (2%)

	B1
	MUROS AFS 12.2
	29.76
	5.95
	Bad quality calls (2%)

	C0
	AFS 5.9
	31.82
	6.36
	Blocked calls

	C1
	MUROS AFS 5.9
	58.98
	11.80
	Bad quality calls (2%)

	D0
	AHS 5.9
	56.97
	11.39
	Bad quality calls (3%)

	D1
	MUROS AHS 5.9
	48.73
	9.75
	Bad quality calls (3%)


Table 20  MUROS-3 b) performance results.

2.2.2.4 OSC capacity gains and HW efficiency 

Table 21 shows the resulting system capacity gains for all MUROS configurations and all channel mode adaptation types. Results show very good capacity gains for OSC in MUROS-2 configuration with the mean gain of 75 % for MUROS-2. In the tight reuse cases (MUROS-1 and MUROS-3) OSC provides good gains for AFS 5.9 codec, no gains for AFS 12.2 and approx. 10% loss for GSM HR and AHS 5.9. 
	CMA Type
	MUROS-1 
	MUROS-2
	MUROS-3 a)
	MUROS-3 b)

	A
	-11.3 %
	103.5 %
	-12.7 %
	-10.0 %

	B
	0.5 %
	42.0 %
	-1.2 %
	0.6 %

	C
	88.6 %
	116.6 %
	23.3 %
	85.3 %

	D
	-12.8 %
	36.7 %
	-10.4 %
	-14.5 %


Table 21  Summary of OSC network level capacity gains [%].

HW efficiency results are shown in Figure 25. 

Whilst for MUROS-2 all channel mode adaptation types benefit in terms of HW efficiency between 37% and 103%, HW efficiency can only be improved for channel mode adaptation type C (AFS 5.9) throughout all network configurations varying between 89% (MUROS-1), 116% (MUROS-2), 23% (MUROS-3a)) and 86% (MUROS-3b)).
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Figure 25  HW efficiency for OSC for agreed MUROS network configurations.
2.2.2.5 Performance of optimized user diversity 

Performance was investigated for the proposed optimized  user diversity half rate patterns 1, 2 and 3 for network configuration MUROS-1 and channel mode adaptation type D1, i.e. usage of AHS 5.9 codec in legacy channel type and in MUROS channel type. Performance was investigated for different percentages of new OSC aware mobiles (25%, 50%, 75% and 100%). Performance results are depicted in Figure 26 and in Table 22 below.
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Figure 26 EFL for MUROS-1, channel mode adaptation type D1 and different user diversity patterns.
	Type
	25%
	50%
	75%
	100%

	UD Patt 1
	10.41
	11.78
	13.23
	15.11

	UD Patt 2
	11.35
	13.65
	15.09
	15.23

	UD Patt 3
	10.89
	12.52
	14.75
	14.91


Table 22: EFL for MUROS-1, channel mode adaptation type D1, different user diversity patterns and different penetration of OSC aware mobiles.
It has to be noted that only a mix of legacy DARP phase 1 and new OSC aware mobiles was investigated here. We observe that user diversity pattern 2 reveals the best performance, distributing the interference diversity best among different users. Since the signalling channels were not included in the evaluation, user diversity pattern 3 always performs worse than user diversity pattern 2 due to lower interference diversity for TCH. For network configuration MUROS-1 gains of 16% and 14% compared against user diversity pattern 1 (no user diversity) were largest for penetration rates of 50% and 75% of OSC aware mobiles. Gain for 25% penetration was about 9% and only a gain of 1% was evaluated for 100% penetration case. Hence this analysis indicates that optimized user diversity reveals benefits for a mix of different mobile receiver types in the network.
2.3 Performance Summary
Both link level and system level performance evaluation for the candidate technique OSC have revealed a great potential of OSC to increase network capacity up to 100 %. 
System performance of the basic OSC candidate technique as presented to GERAN#36 [2] was investigated. Both spectral efficiency and hardware efficiency for OSC were investigated based on the refined minimum quality thresholds of 2% for FR channels and 3% for HR channels for average call FER. 
Results have identified high capacity gains between 37% and 117% for MUROS-2 for all channel mode adaptation types, whilst for network configurations with tighter reuse, AMR FR 5.9 codec can still improve both spectral efficiency and HW efficiency, nonetheless to a lower extent, i.e. between 23% and 89% for both.

It has to be noted that foreseen enhancements such as subchannel specific power control on DL and the usage of optimized user diversity patterns has not been included so far for all network configurations. It is expected that enhanced OSC will yield a further performance improvement for all network configurations both for the case of 100% of DARP phase I mobiles and for the case of a mix of SAIC and legacy mobiles.

In addition system performance optimisation requires further refinements in all 
RRM procedures to fully support the OSC concept, such as Channel Allocation, 
AMR Channel Mode Adaptation and AMR Codec Mode Adaptation.

3. Impacts on the Mobile Station 

Legacy AMR mobiles 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 the 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 Figures 11 and 16. 

For sub channel specific PC the MS needs to be coping with unequal power on sub channels. For user diversity the MS needs to support the specified user diversity patterns and the assisted signalling. 

For support of an optimised Tx pulse shape on downlink the MS needs to signal its capability to receive it.  

4. Impacts on the BSS

4.1 BTS Transmitter

The BTS transmitter should support QPSK or QPSK as subset of higher order modulation. Also the symbol rotation of needs to be supported by the BTS.  

For sub channel specific PC the BTS needs to be able to change mapping of users to 8PSK constellation based on power control indication. 

The Tx 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 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. Alternatively, 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. A fourth option is to use two independent GMSK receivers for each sub channel. 

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.

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. 

With regard to the user diversity procedure, the definition of predefined user diversity patterns as described in the concept section 1.2.2.5.3 needs to be undertaken. Thus RRC signalling is needed to indicate during channel assignment the operated user diversity pattern. In addition the sub channel number, the used TSC on this sub channel as well as the new channel type need to be signalled in the channel assignment message. 

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 (30 dB range for each multiplexed MS). 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. For example a more sensitive user with higher path loss can be left intact, whilst a 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. Impacts on Network Planning

5.1 Impacts to Abis interface 



In order to support OSC, dimensioning aspects on Abis interface have to be 
considered. In the following impacts on Abis allocation strategy, Abis bandwidth 
consumption and Abis migration paths are considered in more detail.

5.1.1 Impact of OSC on Abis allocation strategy
Introduction of OSC denotes in the context of Abis interface introduction of 2 new transmission modes (in addition to the existing one where 1 radio channel corresponds to 1 Abis sub channel): OSC Full Rate (OSCFR) mode and OSC Half Rate (OSCHR) mode. 

As depicted in Figure 27, in OSCFR mode it is possible to transmit 2 FR users in a single radio channel which corresponds to simultaneous occupation of 2 Abis sub channels.
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Figure 27: Mapping of FR and OSC FR radio channels onto 16 kbit/s Abis sub channels.

As depicted in Figure 28, in OSCHR mode it is possible to transmit 4 HR users in a single radio channel which also corresponds to simultaneous occupation of 2 Abis sub channels. 

Note that 2 HR users working in OSC HR mode can also  be multiplexed in time. In such case they occupy 1 Abis sub channel (just like “non OSC” HR call).
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Figure 28: Mapping of HR and OSC HR radio channels onto 16 kbit/s Abis sub timeslots.
Which of the modes (OSCFR only, OSCHR only or both) is to be used depends on the actual implementation.
5.1.2 Impact of OSC on bandwidth consumption

Theoretically, if all Abis timeslots in all TRXs in the given BTS site work at the same time in “OSC transmission mode” – the Abis bandwidth that would need to be available for CS traffic must be doubled in comparison to “no OSC transmission mode”. Note that Abis bandwidth reserved for signalling must also be adjusted accordingly in such case. 

However, unless a 100% penetration of OSC capable mobiles is available in the network, it is unlikely to achieve 100% penetration of OSC channels. Thus a suitable mix of OSC channels and legacy FR and HR channels has to be assumed for Abis dimensioning, taking into account that the mobiles may require OSC channel mode adaptation from OSC HR channel mode or legacy HR channel mode to legacy FR channel mode in case of degrading radio conditions. Hence the actual impact of OSC on the Abis interface depends on penetration of the functionality, i.e. the percentage of radio channels working in “OSC transmission mode”. The greater the penetration of OSC channels the more Abis resources must be reserved for CS domain. 
The Abis impact will be studied further in more detail for selected scenarios based on the agreed network configurations.  
5.1.3 Abis migration paths

Implementation of OSC extending CS capacity on radio and consequently on Abis interface as well contributes to the steadily growing requirements concerning bandwidth available in the transport network in particular with regard to Abis interface.  On the other hand additional transport network capacity in terms of TDM lines leads to increase of OPEX since leased lines costs’ need to be taken into account.   Thus a viable solution is to migrate the transport networks towards packet based ones and to IP based ones as replacement of the existing TDM-based networks. One of the possible migration strategies is the introduction of pseudowire emulation which allows to convert the selected PCM lines into IP packets and then to transmit their content by means of Ethernet network. This allows to smoothly migrate from TDM-based transport to IP-based one in pace depending on availability of reliable IP/Ethernet networks. Final step  consists in using “native” IP networks to transmit traffic produced in the RAN. With these solutions further OPEX savings in terms of  smaller bandwidth consumtion in the transport networks are expected due to additional traffic optimization and statistical multiplexing effects. 
5.2 Impacts on Frequency Planning

OSC channels can be employed both on BCCH carrier and on TCH carrier. In case of usage of the legacy GMSK pulse shape no straight impact on frequency planning is observed. All proposed techniques, such as subchannel specific PC, power balancing, usage of new TSC’s and user diversity are operating independent of used frequency hopping scheme. However as performance investigations have shown, OSC can exhibit best performance for HW limited scenarios and loose frequency reuses. For tighter frequency reuses further optimizations of RRM algorithms and application of enhancement techniques need to be executed, before the potential of capacity improvement for OSC can be identified for these scenarios. 
Since OSC operates best for loose reuse scenarios, deployment on the BCCH carrier is a viable option. This is also true in case an optimized Tx pulse shape as described in section 1.2.1.3 is employed on downlink to minimise ISI. In case an optimized Tx pulse shape is used on the TCH layer, further investigations are required to identify the overall performance gain taking into account impact of the wider pulse on reception of legacy mobiles. Hence this should be studied in the context of an optional enhancement of the OSC feature. 
6. Impacts on the Specifications
In Table 23 a list of affected specifications and the respective subjects for introducing OSC into GERAN is shown. 
	Spec No.
	Subject

	24.008
	Capability indication for OSC solution

Capability indication for support of optimized pulse shape

	44.018
	RR support for OSC solution

	45.001
	Overview of OSC solution

	45.002
	New training sequences, multiplexing definitions

	45.003
	Definition of coding required for OSC

	45.004
	Modulation definition for OSC in downlink

Specification of an optimized TX pulse shape on downlink

	45.005
	Test Scenarios for OSC
Spectral requirements for downlink

Performance requirements for legacy GMSK pulse shape on DL

Performance requirements for optimized TX pulse shape on DL

	45.008
	Link quality control measurements

	48.008
	Introduction of the signalling for support of OSC

	48.058
	Introduction of the signalling for support of OSC


Table 23 Affected existing specifications for OSC.
7. Summary of Evaluation versus Objectives
OSC is believed to have a high potential for voice capacity improvement, as has been shown in this chapter of the TR. Investigations on OSC have confirm the high potential for doubled voice capacity in GERAN networks depending on the frequency reuse of the network under interest. Furthermore a solution by applying subchannel specific power control has been created to allow for efficient multiplexing including legacy mobiles. Further enhancements using new user diversity have been defined to improve interference diversity for traffic channels but also for SACCH control channels. Considering that an urgent need for this improvement has been expressed in particular by asian operators [9], it is believed that GERAN should agree to open a work item on the introduction of orthogonal sub channels.  
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