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Optimized User Diversity Patterns for OSC
1. Introduction

The candidate technique “Orthogonal Subchannels” (OSC) has been proposed in GERAN standardization for improving the GSM speech capacity. Basically, two users are allocated to the same particular half rate or full rate resource. The separation of users in DL is based on separating real signals in complex plane and in UL the setup is basically a virtual MIMO setup. The OSC proposal has an advantage that it is possible to implement it with existing standard versions and HW support. In OSC the two users assigned to the same time radio resource interfer with each other and some performance degradation is seen in radio link performance, especially in the case of receiver with reasonable complexity. To minimise the level of interference per user in an OSC channel configuration, and hence to improve speech quality per user, a kind of statistical multiplexing of users is required as described in [1]. This contribution provides a refined concept targeted for interworking with legacy MS’s and is an update of the contribution provided at MUROS telco#5.
2. Concept description

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 
[image: image1.wmf]6

2

4

=

÷

÷

ø

ö

ç

ç

è

æ

 possible pairing combinations are evenly used changing frame by frame. This kind of multiplexing proposed at GERAN#36 [1] exploiting the diversity related to the activity status of each of the 4 users is named Basic User Diversity hereafter 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.
2.1 Drawbacks with Basic User Diversity proposal 

The Basic User Diversity concept proposed in [1], described the usage of a kind of statistical multiplexing of users as shown in Table 1 below, which identifies a copy of Table 1 depicted in [1].

	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 1  Examplary “user diversity pattern” to mix OSC users [1].
As shown above, the user diversity pattern leads to a irregular delivery of speech block for users 1 to 4 with the speech block delivery every other burst. For example for user one the speech block is deliveredin 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 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 [1] 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. Hence the concept provides ideal performance for new mobiles but not in case of a mix with legacymobiles.
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. 
2.2 Enhanced Concept 
In this section enhancements to the Basic User Diversity procedure as described in [1] are presented in order to mitigate the above mentioned drawbacks. The described enhancements 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 concept named hereafter Optimized User Diversity 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 stems from the paired subchannel. Taking into account that DTX is activated, interference diversity can be improved if different users are multiplexed on the paired subchannel. In case of inactivity of one sbchannel in downlink the BTS can use GMSK instead of 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 user diversity patterns optimized 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 (OSC half rate pattern 2 and 3). 

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

The enhancements include also the extension of the user diversity algorithm to paired timeslots as depicted in Figure 1.
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Figure 1: 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 subchannel (OSC-2) of the first timeslot (timeslot a). 

The Optimized User Diversity concept foresees to allocate two legacy full rate mobiles (User 1 and User 3) on the first subchannel (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 subchannels (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 5. 

It is intended that the specified user diversity patterns are subject to be standardized.


Signalling support for Optimized User Diversity is dedicated to OSC aware 
mobiles and will 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 diversity patterns are switched. 

· different signalling methods exist: usage of FACCH to command an intracell HO, usage of inband signalling to transport compressed intra cell or channel modify HO command, etc.

2.3 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. 
2.3.1 Optimized User Diversity Half Rate Pattern 1
The channel configuration depicted in Table 2 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 2  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)

2.3.2 Optimized User Diversity Half Rate Pattern 2 

The channel configuration depicted in Table 3 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 3  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
2.3.3 Optimized User Diversity Half Rate Pattern 3
The channel configuration depicted in Table 4 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 4  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.

2.3.4 Optimized User Diversity Full Rate Pattern 1
The channel configuration depicted in Table 5 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 5  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 
2.3.5 Optimized User Diversity Full Rate Pattern 2
The channel configuration depicted in Table 6 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 6  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.

2.3.6 Optimized User Diversity Full Rate Pattern 3 
The channel configuration depicted in Table 7 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 7  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
3. perFOrmance Characterization
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 2 and in Table 8 below.
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Figure 2: 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 8: 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 DARP1 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.
4. CONCLUSIONS

This contribution has studied the earlier proposed concept of Basic User Diversity for orthogonal subchannels [1] in the context of impact of variable speech block delivery and of coexistence scenarios with legacy mobiles. Refinements to this concept have been done to obtain the Optimized User Diversity procedure based a set of user diversity patterns for full rate and half rate channels, which 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). 

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 [1] 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 Optimized User Diversity concept. 

Initial performance evaluations for Optimized User Diversity indicate that it yields gains in the order of 10 to 15% especially in case of a mix of mobile receiver types in the network. Thus it is proposed to include this as an enhancement to the OSC candidate technique in the corresponding section in the TR. Furthermore it is to be noted, that the concept is equally applicable to other candidates like co-TCH and alpha-QPSK.
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