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User Diversity with Orthogonal Sub Channels
1. Introduction

A new study item MUROS [1] was agreed at GERAN#36 aiming to improve voice efficiency. 
The orthogonal sub channel (OSC) concept multiplexes two MSs on the same radio resource at a time. To fully exploit gains of DTX with OSC, this document introduces a multiplexing scheme where 4 users on two OSC HR 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.

Initial simulations in uplink have shown substantial gain.  Performance in downlink is FFS.
2. Concept description

With OSC HR [2] 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.  That may be sub-optimal from channel coding point of view. 
To improve above mentioned variance over the interleaving period, 4 users in   HR channels can be mixed so that 6 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 user diversity here and is expected to improve the radio performance in both downlink and uplink.

2.1 Mixing OSC HR users with DTX activated
This paragraph describes one possible way to define mixing of users.

The user diversity pattern of each user defines the way how a burst of each frame is mapped to OSC sub channel and (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 1 illustrates how 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.
Table 1 Illustration for using “user diversity pattern” to mix OSC users
	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


Similar behaviour as shown above could be described by other parameters too, that could be specific to each OSC HR sub channel.

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. The optimisation of the user diversity patterns is FFS.
2.2 RRC

New user diversity patterns may be predetermined for each of 4 users on their sub channel. Thus RRC signalling may need to indicate just the sub channel and eventually the used TSC’s as well as the new channel type in the channel assignment message. 
3. Performance

The FER versus SNR was simulated in sensitivity limited scenarios for OSC AHS7.4 with and without DTX optimised multiplexing and compared to plain AFHS7.4 as a reference. DTX was modelled by a Markov state model with activity of 0.6 with average activity period of 1s. 

In uplink simulations the signal under interest was either 10 dB or 20dB lower than the other signals in order to evaluate the performance under realistic operating conditions.  
3.1 Results in Uplink

It can be seen in Figure 1 and tabulated in Table 2 that with DTX and with user diversity the other co-incident sub channels can have about 10dB higher level for the same performance or 2.6dB gain at 20dB higher level.  For comparison DTX alone provides less than 1 dB gain.
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Figure 1 Sensitivity in UL versus level offset of co-incident users

Table 2 Link performance in terms of Es/No and loss to Reference for TCH/HS7.4 @ FER=1%
	
	Other Sub channel
	DTX
	Es/No
	Loss

	Reference
	N.A.
	N.A
	4.1 dB
	N.A.

	OSC, 10dB no DTX
	+10dB
	Off
	6.8 dB
	2.7 dB

	OSC, 10dB DTX
	+10dB
	On
	6.1 dB
	2.0 dB

	OSC, 20dB DTX 
	+20dB
	On
	8.9 dB
	4.8 dB

	OSC, 20dB DTX with User Diversity 
	+20dB
	On
	6.3 dB
	2.2 dB


4. ImplEmentation aspects
MS and BTS need to handle user diversity pattern, that may be e.g. in list format repeated cyclically related to TDMA frame number or calculated by a predetermined rule. This is FFS. Indeed MS and BTS need to swap training sequence codes according to appropriate user diversity pattern. 
When more users are sharing the same resource, the power control should count power demand for all involved users.
5. CONCLUSIONS

Introduced a user diversity scheme with DTX is shown to provide substantial gain in uplink. A gain of 2.6 dB through the usage of this scheme could be identified in the present contribution. Performances in uplink as well as in downlink are FFS. It is proposed to include this as a part of the OSC concept.
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