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Signalling VAMOS mode in downlink
1. Introduction

The WID for VAMOS prescribes two MS support levels for VAMOS [1]. All VAMOS aware terminals have to indicate their support level to the network in order for the network to exploit the capacity to the highest extent. Whilst the VAMOS level-I mobiles are supposed to be based on the DARP-I architecture, VAMOS-II mobiles are supposed to be based on architectures that would enable better detection of the subchannel signal at lower subchannel power imbalance ratios (SCPIRs). 

GERAN WG1 is currently discussing the need for signalling VAMOS mode (see [2], [3] and [4]). This document is submitted to GERAN WG2 to discuss the signalling details there so as to enable a quick agreement on the solution once GERAN WG1 decides on the signalling of VAMOS mode in downlink.
2. VAMOS mode signalling in downlink
Whilst in uplink the network is aware of the UE capabilities (VAMOS-I or VAMOS-II), the UE is not aware of VAMOS mode in downlink. This means that the VAMOS-II mobile would have to keep the VAMOS specific functionality switched on all the time. This includes such layer 1 specific tasks which would be needed to identify the modulation in downlink (GMSK/AQPSK) as well as other implementation dependent layer 1 tasks running all the time in dedicated mode irrespective of the fact whether or not the network is VAMOS capable and irrespective of whether or not VAMOS is actually used on the current call. Running VAMOS specific processing at layer 1 could result in a degradation of performance in non-VAMOS mode in certain scenarios [2] as well as leads to higher power consumption in non-VAMOS mode. Hence the problem is twofold and this is discussed in the following subsections. 

2.1 VAMOS-II mobiles in non-VAMOS networks
There would be a number of networks which would not implement VAMOS but still contain VAMOS-II mobiles in them. Thus a VAMOS-II mobile may never actually be in VAMOS mode and hence VAMOS specific layer 1 functionality is redundant in this case. 
Hence, an explicit network level indication of support of VAMOS would simply solve the issue of unnecessary impact on non-VAMOS performance of VAMOS-II mobiles. It is expected that this could be done by an explicit network level indication of VAMOS support being included in a system information message which is always broadcast (not optional). Looking at the contents of these messages, SI 4 rest octets IE looks like a more likely candidate to accommodate this additional bit. Hence non-VAMOS networks would either not signal the explicit indication or would signal the indication, that VAMOS is not supported.
2.2 VAMOS-II mobiles in VAMOS aware networks
Although network level indication of VAMOS would solve the issue with un-necessary VAMOS related processing being on for non-VAMOS networks, this may not be sufficient to solve the whole issue. It should be noted that even in VAMOS aware networks, not all calls are in VAMOS mode. VAMOS is expected to be used on a given call depending on the radio conditions experienced by a given mobile and also depending on the current load in the network. Although the problem in this case is of different nature, the impact on VAMOS-II mobiles is essentially the same as highlighted in section 2.1. An ideal way to solve this issue is to signal the VAMOS mode at call setup. This can be done by including a VAMOS mode IE in the Channel Description IE specified in 3GPP TS 44.018. The changes expected are minimal and are highlighted in the appendix. 
2.2.1 VAMOS mode change during the call

It should be noted that it might be needed for the network to change the mode of the call into and out of VAMOS mode during the call. This could be due to various factors including radio conditions, network load, termination of voice call of the orthogonal user (resulting in a change from VAMOS to non-VAMOS mode for the remaining user) etc. Hence, it should be possible for the network to change the VAMOS mode during call. The solution highlighted in section 2.2 works for this case as VAMOS mode can be changed by sending the channel description IE during the call on FACCH in a Channel Mode Modify command (see 3GPP TS 44.018). Since the VAMOS mode change due to above mentioned reasons during a call is expected to be a relatively rare event, this solution is expected to be the best option. It should be noted that the VAMOS mode can also be signalled at handover (intracell / intercell) as the handover command also includes the Channel Description IE.
3. Conclusion

VAMOS mode signalling in downlink is needed to avoid unnecessary L1 processing and performance loss for VAMOS-II terminals in non-VAMOS mode in general and in non-VAMOS networks in particular. Different solutions to signal VAMOS mode in downlink are highlighted in this contribution. Whilst the solution highlighted in section 2.1 would solve the issue in non-VAMOS networks, it would not solve the problems in VAMOS aware networks. Hence, it is requested that GERAN WG2 discuss the solution highlighted in section 2.2 or an alternative thereof and recommend a way forward on this issue regarding the signalling aspects. 
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Appendix (changes to channel Description IE – 3GPP TS 44.018)

10.5.2.5
Channel Description

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

The Channel Description information element is coded as shown in figure 10.5.2.5.1 and table 10.5.2.5.1.

The Channel Description is a type 3 information element with 4 octets length.
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Figure 10.5.2.5.1: Channel Description information element

Table 10.5.2.5.1: Channel Description information element

	Channel type and TDMA offset (octet 2)

Bits

8 7 6 5 4

S 0 0 0 1
TCH/F + ACCHs; Not in VAMOS Mode
S 0 0 1 T
TCH/H + ACCHs; Not in VAMOS Mode
0 0 1 T T
SDCCH/4 + SACCH/C4 or CBCH (SDCCH/4); TSC Set 1 shall be used

0 1 T T T
SDCCH/8 + SACCH/C8 or CBCH (SDCCH/8); TSC Set 1 shall be used
1 1 S 0 1
TCH/F + ACCHs; in VAMOS Mode

1 1 S 0 T
TCH/H + ACCHs; in VAMOS Mode
The T bits indicate the subchannel number coded in binary.

S, TSC set

Bit

8 or 6
0
TSC Set 1 shall be used

1
TSC Set 2 shall be used

All other values are reserved.

The sender set the spare bits to the coding for TCH/F+ACCHs



	TN, Timeslot number (octet 2)

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

Range: 0 to 7.

The Timeslot number field shall be ignored and all bits treated as spare when received in a PDCH ASSIGNMENT COMMAND message. The sender sets the spare bits as '000'



	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

The TSC set is signalled via ‘Channel type and TDMA offset’ IE.

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 numberas defined in 3GPP TS 45.002

Range 0 to 63.
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