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Pairing of UL and DL channels separately in MUROS
Introduction
The issue of pairing criteria in VAMOS/MUROS has been discussed in [1] [2] [3]. Further [2] provided some system simulation results in support of Soft Pairing. The initial pairing criterion is critical to ensure that the pairing does not lead to link degradation and subsequent call drops. When considering pairing mechanism, the UL and DL pairing scenarios will need to be considered separately as the UL and the DL are typically are exposed to different interference profiles. In the DL power, SNR, FER, BLER for example can be important to consider, where as in UL apart from a host of considerations the “Condition No” and rank of the wireless channel matrix should also be considered for better decoding at the base station. In this paper we propose that the UL and the DL pairing criteria be evaluated separately and consequently if warranted, associate different users to pair with the UL and DL channels for a given MUROS user.
Analysis of parameters to pair in UL and in DL
The UL and DL pairing scenarios will need to be considered separately as they typically are exposed to different interference profiles. In a MUROS scenario the UL and the DL typically see different interference profiles. In the DL power, SNR, FER, BLER for example can be important to consider, where as in UL apart from a host of considerations the “Condition No” and rank of the wireless channel matrix should also be considered for better decoding at the base station. What is proposed is to evaluate the UL and the DL pairing criteria separately and consequently associate different users to pair with the UL and DL channels for a given MUROS user if found needed.

In VAMOS, it is decided to use complex symbols (using one of the proposed methods like α-QPSK) to transmit the TCH to multiple users in DL. In UL, users will still use GMSK but 2/more antennas will be present at the base station to decode the individual users’ streams.  The two approaches result in different set of parameters to be considered to pair users so as to get the optimum system performance. 
In DL, individual user’s decoding performance depends largely on the SCPIR used (which may depend on the type of user). Because a wrong SCPIR used may increase the interference to either of the users from the other paired users and thus degrading the performance. Also, it is advisable to consider users with sufficiently high SNR (at least for a subset of users considered for pairing) so that FER after pairing does not increase beyond the threshold so as to result in eventual call drops.

In UL, paired users’ antennas along with the multiple antennas present at the base station form a spatial multiplexing Multiple Input Multiple Output (MIMO) system.  It is depicted in Eq. (1) when two users are considered for pairing. 
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              --------  (1)

Where:

yi indicates the received symbol at the receiving antenna i at the base station
hij indicates the wireless channel between the ith receiving antenna at the base station and the jth user
xj indicates the transmitted symbol from the jth user
The performance of such a system depends on the capability of separating and decoding the individual user’s streams. This depends on the ‘Rank’ and ‘Condition number’ of the complex matrix formed by the wireless channels ([hij]) between the set of transmitting and receiving antennas along with the SNRs seen. The performance at the base station will be better if users are paired such that the condition number is close to 1 or does not deviate too much from 1. This parameter largely depends on the proximity of the users and the angular separation between the transmitting signals.
As the governing parameters which affect the performance are different in DL and UL, it is better if two different criteria are considered for pairing to achieve an optimum system performance rather choosing a single criterion and applying in both the directions.
What is proposed is a mechanism of evaluating the Uplink (UL) and the Downlink (DL) pairing criteria separately at the base station. For DL the example set of parameters which are evaluated are timing advance, SNR, FER, BLER, and for UL a set of parameters like timing advance, SNR, FER, BLER and more importantly additional parameters like “Condition No” and rank of the wireless channel matrix will be considered. Based on the evaluation result, a user under the consideration of pairing can be paired with a set of users in a particular DL slot which may be different from the set of users with whom the considered user will be paired as well as the TS in the UL. This may result in the need to indicate the assigned DL and UL resources separately. The pairing associations can be indicated to the mobile station in an enhanced resource allocation message, channel reconfiguration message or a handover command message. The base station may also indicate any associated frequency hopping sequence for UL and DL separately.

The changes essentially are in the enhanced ASSIGNMENT COMMAND message and the CHANNEL DESCRIPTION IE is shown in the following. Similar changes can be made to other messages like the HANDOVER COMMAND message.
Proposal:
There must be a provision to pair the UL and DL separately for better success of pairing in MUROS.
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APPENDIX:

Assignment command

This message is sent on the main DCCH by the network to the mobile station to change the channel configuration to another independent dedicated channel configuration, when no timing adjustment is needed. See table 9.1.2.1.

Message type:
ASSIGNMENT COMMAND

Significance:
dual

Direction:
network to mobile station

Table 9.1.2.1: ASSIGNMENT COMMAND message content

	IEI
	Information element
	Type / Reference
	Presence
	Format
	length

	
	RR management
Protocol Discriminator
	Protocol Discriminator
10.2
	M
	V
	½

	
	Skip Indicator
	Skip Indicator
10.3.1
	M
	V
	½

	
	Assignment command
Message Type
	Message Type
10.4
	M
	V
	1

	
	Description of the First Channel, after time
	Channel Description 2
10.5.2.5a
	M
	V
	3

	
	Power Command
	Power Command
10.5.2.28
	M
	V
	1

	05
	Frequency List, after time
	Frequency List
10.5.2.13
	C
	TLV
	4-132

	62
	Cell Channel Description
	Cell Channel Description
10.5.2.1b
	O
	TV
	17

	10
	Description of the multislot configuration
	Multislot Allocation
10.5.2.21b
	C
	TLV
	3-12

	63
	Mode of the First Channel (Channel Set 1)
	Channel Mode
10.5.2.6
	O
	TV
	2

	11
	Mode of Channel Set 2
	Channel Mode
10.5.2.6
	O
	TV
	2

	13
	Mode of Channel Set 3
	Channel Mode
10.5.2.6
	O
	TV
	2

	14
	Mode of Channel Set 4
	Channel Mode
10.5.2.6
	O
	TV
	2

	15
	Mode of Channel Set 5
	Channel Mode
10.5.2.6
	O
	TV
	2

	16
	Mode of Channel Set 6
	Channel Mode
10.5.2.6
	O
	TV
	2

	17
	Mode of Channel Set 7
	Channel Mode
10.5.2.6
	O
	TV
	2

	18
	Mode of Channel Set 8
	Channel Mode
10.5.2.6
	O
	TV
	2

	64
	Description of the Second Channel, after time
	Channel Description
10.5.2.5
	O
	TV
	4

	66
	Mode of the Second Channel
	Channe l Mode 2
10.5.2.7
	O
	TV
	2

	72
	Mobile Allocation, after time
	Mobile Allocation
10.5.2.21
	C
	TLV
	3-10

	7C
	Starting Time
	Starting Time
10.5.2.38
	O
	TV
	3

	19
	Frequency List, before time
	Frequency List
10.5.2.13
	C
	TLV
	4-132

	1C
	Description of the First Channel, before time
	Channel Description 2
10.5.2.5a
	O
	TV
	4

	1D
	Description of the Second Channel, before time
	Channel Description
10.5.2.5
	O
	TV
	4

	1E
	Frequency channel sequence before time
	Frequency channel sequence
10.5.2.12
	C
	TV
	10

	21
	Mobile Allocation, before time
	Mobile Allocation
10.5.2.21
	C
	TLV
	3-10

	9-
	Cipher Mode Setting
	Cipher Mode Setting
10.5.2.9
	O
	TV
	1

	01
	VGCS target mode Indication
	VGCS target mode Indication
10.5.2.42a
	O
	TLV
	3

	03
	Multi-Rate configuration
	MultiRate configuration
10.5.2.21aa
	O
	TLV
	4-8

	04
	VGCS Ciphering Parameters
	VGCS Ciphering Parameters

10.5.2.42b
	O
	TLV
	3-15

	
	Description of the UL paired Channel, after time
	Paired UL Channel Description xx

	M
	V
	3

	
	Description of the DL paired Channel, after time
	Paired DL Channel Description xx

	M
	V
	3

	
	
	
	
	
	


1.1.1.1 10.5.2.5a
Channel Description 2

The purpose of the Channel Description 2 information element is to provide a description of an allocable channel configuration together with its SACCH.

The Channel Description 2 information element is coded as shown in figure 10.5.2.5a.1 and table 10.5.2.5a.1.

The Channel Description 2 is a type 3 information element with 4 octets length.

	8
	7
	6
	5
	4
	3
	2
	1
	

	
	Channel Description IEI
	octet 1

	Channel type
and TDMA offset
	TN
	octet 2

	
	H=1->
	MAIO (high part)
	

	TSC
	--- H ---
	-----------------------------------------------------
	octet 3

	
	
	
	ARFCN
	

	
	
	0
	
	

	
	H=0->
	spare
	(high part)
	

	MAIO
(low part)
	HSN
	
octet 4

	ARFCN (low part)
	


Figure 10.5.2.5a.1: Channel Description 2 information element

Table 10.5.2.5a.1: Channel Description 2 information element

	Channel type and TDMA offset (octet 2)

Bits

8 7 6 5 4 

	0 0 0 0 0
TCH/F + FACCH/F and SACCH/M at the timeslot indicated by TN, and additional bidirectional or undirectional TCH/Fs and SACCH/Ms according to the multislot allocation information element

0 0 0 0 1
TCH/F + FACCH/F and SACCH/F

0 0 0 1 T
TCH/H + ACCHs

0 0 1 T T
SDCCH/4 + SACCH/C4 or CBCH (SDCCH/4)

0 1 T T T
SDCCH/8 + SACCH/C8 or CBCH (SDCCH/8) 
1 1 0 0 0
TCH/F + ACCHs using TSC Set 2 

1 1 1 0 T
TCH/H + ACCHs using TSC Set 2

The T bits indicate the subchannel number coded in binary.

In the description below "n" is the timeslot number indicated by TN. The description is valid only if all the indicated timeslot numbers are in the range 0 to 7.



	1 0 X X X
TCH/F + FACCH/F and SACCH/M at the time slot indicated by TN, and additional bidirectional TCH/Fs and SACCH/Ms at other timeslots according to the following:

X X X:

0 0 0
no additional timeslots

0 0 1
at timeslot n-1

0 1 0
at timeslot n+1, n-1

0 1 1
at timeslot n+1, n-1 and n-2

1 0 0
at timeslot n+1, n-1, n-2, and n-3

1 0 1
at timeslot n+1, n-1, n-2, n-3 and n-4

1 1 0
at timeslot n+1, n-1, n-2, n-3, n-4 and n-5

1 1 1
at timeslot n+1, n-1, n-2, n-3, n-4, n-5 and n-6



	1 1 0 0 1

to

1 1 0 1 1
TCH/F + FACCH/F and SACCH/M at the time slot indicated by TN and additional unidirectional TCH/FDs and SACCH/MDs at other timeslots according to the following:

1 1 0 0 1
at timeslot n-1

1 1 0 1 0
at timeslot n+1, n-1

1 1 0 1 1
at timeslot n+1, n-1 and n-2



	1 1 1 1 0
TCH/F + FACCH/F and SACCH/M at the time slot indicated by TN and additional bidirectional TCH/F and SACCH/M at timeslot n+1 and unidirectional TCH/FD and SACCH/MD at timeslot n-1

All other values are reserved.



	TN, Timeslot number (octet 2)

The TN field is coded as the binary representation of the timeslot number as defined in 3GPP TS 3GPP TS 45.010.

Range: 0 to 7.



	TSC, Training Sequence Code (octet 3)

The TSC field is coded as the binary representation of the Training Sequence code as defined in 3GPP TS 45.002

Unless stated otherwise by coding of ‘Channel type and TDMA offset’ IE, TSC Set 1 shall be used.

Range: 0 to 7.



	H, Hopping channel (octet 3)

Bit

5

0
Single RF channel

1
RF hopping channel

NOTE:
The value of H affects the semantics of the channel selector field



	Channel selector (octet 3 and 4)

H = "0": The channel selector field consists of the absolute RF channel number

Octet 3

Bits

4 3

0 0
Spare

ARFCN, (octet 3, bits 2 and 1, and octet 4, bits 8 to 1)

The ARFCN is coded as the binary representation of the absolute RF channel number

Range: 0 to 1023

H = "1": The channel selector field consists of the mobile allocation index offset, MAIO, and the hopping sequence number, HSN.

MAIO, (octet 3 bit 4 to 1 high part and octet 4 bit 8 to 7 low part)

The MAIO field is coded as the binary representation of the mobile allocation index offset as defined in 3GPP TS 45.002.

Range: 0 to 63.

HSN, (octet 4 bit 6 to 1)

The HSN field is coded as the binary representation of the hopping sequence number as defined in 3GPP TS 45.002

Range 0 to 63.

1 bit indication – for UL-DL separate pairing
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