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[bookmark: _Ref343596228]Introduction
[bookmark: _GoBack]A new work item on New Training Sequences for GERAN, acronym NewToN, was approved at GERAN#60, see [1].
The work consists of defining new training sequences for both CS and PS services in GERAN with the aim to reduce the cross correlation between TSCs to primarily allow for a more spectral efficient implementation of synchronized GSM networks.
For the VAMOS feature, the use of the new TSC set is assumed to follow the current VAMOS principle that the two GMSK TSC sets of the two VAMOS sub channels are combined in the DL to form the AQPSK TSC set.
Apart from this, some additional aspects of VAMOS need to be discussed to reach a common agreement for the specification work as well as agreement on the implication of TSC set support from the MS capability signaling for the feature.
These aspects are discussed in this paper.
The paper is an update of [3] with major changes highlighted in red font.
[bookmark: _Ref378085970]VAMOS
The VAMOS feature specified in 3GPP GERAN Rel-9 theoretically doubles the multiplexing rate of CS channels on the same physical resources. This is achieved by the use of AQPSK modulation in the DL and by MU-MIMO on the UL.
The MS support of VAMOS is defined by new performance requirements (three levels – VAMOS I, VAMOS II and VAMOS III) together with the support of a new training sequences set and a modified mapping of the associated control channels, called shifted SACCH (only applicable for VAMOS II or VAMOS III when assigned TSC set 2).
The new GMSK TSC set (set 2) defined for VAMOS is combined in the DL with the legacy TSC set (set 1) by element-wise pairing at the same index to form the AQPSK TSC set. Alternatively, the specification also allows the assignment of two legacy MSs to form a VAMOS pair, in which case both training sequences are picked from the same set (set 1) but at different index, resulting in another, more irregular AQPSK TSC set for dynamic use in the downlink. 
The two GMSK bursts (each of 157 bit numbers BN including the respective TSC bits) representing the two VAMOS subchannels (BN0 and BN1) are combined to form the normal burst for AQPSK, see [2] section 5.2.3 for details.
The combinations of TSCs for different mobile capabilities are summarized in Table 1. 
It should be noted, that after receiving the assignment of a TSC for the VAMOS subchannel, an MS capable of supporting VAMOS I, II, or III (denoted a VAMOS MS) knows also the paired TSC, and hence also the AQPSK TSC is uniquely determined. In contrast to this situation, any MS not supporting VAMOS makes no assumption on the paired TSC and thus the network has the flexibility to pair the MS with 8 possible other TSCs (7 different TSC indices in TSC set 1 or the same TSC index in TSC set 2). However, in this case the minimum requirement for VAMOS performance is naturally not fulfilled.
[bookmark: _Ref378084328]Table 1. TSC combinations in VAMOS.
	Assigned MS type
	Assigned 
TSC set
	Assumption 
on paired TSC
	Comment

	
	
	Set
	Index
	

	VAMOS
	1
	2
	Same
	VAMOS MS on paired

	
	2
	1
	Same
	MS on paired sub channel may or may not support VAMOS

	non-VAMOS
	1
	1
	Different
	No MS supporting VAMOS in the pair


NewToN and VAMOS
TSC set support
The main objective of the NewToN feature is to ‘extend the current NSR TSC space by a factor of two’. Two different interpretations of this objective are possible when it comes to NewToN MSs not supporting VAMOS as indicated in Table 2.
[bookmark: _Ref379897691]Table 2. TSC set support for MS supporting different features.
	VAMOS
	NewToN
	TSC set supported

	No
	No
	1

	Yes
	No
	1,2

	Yes
	Yes
	1,2,3,4

	No
	Yes
	1,3 (Option 1)

	No
	Yes
	1,2,3,4 (Option 2)



Having non-VAMOS NewToN MSs supporting all four TSC sets would allow for a more dynamic RRM from the network but at the same time somewhat increase the complexity (primarily memory) to support the NewToN feature at the MS.
It could be noted that one option could also be to mandate NewToN MSs to support also VAMOS (i.e. every NewToN MS would have to indicate support for VAMOS).
This would however increase the implementation effort of MS having interest to support NewToN but not VAMOS in terms of optimization of Rx algorithms to fulfil the VAMOS related requirements.
To allow for a flexible resources assignment with NewToN MSs irrespective of VAMOS support it is proposed that all NewToN MSs shall support TSC set 1-4, i.e. option 2 in Table 2.
	Proposal 1: All NewToN MSs shall for the CS domain support TSC set 1 to 4.



TSC combinations
For NewToN, two additional TSC sets will be introduced resulting in a total of four different TSC sets. In principle, this could allow for 12 different ways to construct the AQPSK TSC if picking training sequences from different sets at the same TSC index for the two VAMOS sub-channels, or may be reduced to only 6 different AQPSK TSCs if sorting of the TSC sets is assumed when mapping the two VAMOS subchannels, as it is currently done in VAMOS. 
Allowing full flexibility is however not beneficial from an MS implementation point of view where the channel estimation/demodulation benefits from knowing the TSC of the second sub-channel. Another relevant aspect is that some TSC pairings are not compatible with existing MS receiver implementations for legacy VAMOS, see Table 1.
Further, as mentioned in Section 2, the use of shifted SACCH is coupled to the assigned TSC set and the VAMOS MS capability level. 
Hence, for a VAMOS MS the assignment of its own GMSK training sequence determines:
· The paired TSC
· The mapping of the associated control channels.
It would be beneficial if this principle can be followed to the furthest extent possible also for the combination of NewToN and VAMOS.
Two options are considered in the following: 
a) a straightforward approach with fixed pairing of new TSCs 
b) an option to allow a more flexible pairing with legacy MSs
(a)	The most straightforward approach would be to only allow TSC set 3 and TSC set 4 to be used in the same way as set 1 and set 2 are used in the current VAMOS feature, i.e. extending the TSC combinations in Table 1 to what is shown in Table 3.
[bookmark: _Ref378086200]Table 3. Extended TSC combination with VAMOS and NewToN.
	Assigned MS type
	Assigned 
TSC set
	Assumption 
on paired TSC
	Comment

	
	
	Set
	Index
	

	VAMOS
	1
	2
	Same
	VAMOS MS, or NewToN MS, on paired sub channels (see options in Table 2)

	
	2
	1
	Same
	Any MS on paired sub channels

	
	3
	4
	Same
	VAMOS NewToN MS, or non-VAMOS NewToN MS on paired (depending on options in Table 2). 
Both MS need to support NewToN.

	
	4
	3
	Same
	VAMOS NewToN MS, or non-VAMOS NewToN MS on paired (depending on options in Table 2). 
Both MS need to support NewToN.

	non-VAMOS
	N(1)
	M(1)
	Any
	No MS supporting VAMOS in the pair

	NOTE1: N and M is dependent on MS capability:
- Legacy MS: 1 
- NewToN MS: 1 or 3 (Option 1 in Table 2)
- NewToN MS: 1, 2, 3 or 4 (Option 2 in Table 2)



It should be noted, that according to the comments in the rows, in fact all 4 TSC sets are applicable for assignment of a VAMOS NewToN MS. But after receiving the assignment of a TSC for the VAMOS subchannel, any VAMOS MS knows also the paired TSC, and hence the AQPSK TSC is still uniquely determined, therefore no significant changes are expected in VAMOS receiver design. This would however result in the restriction that for a MS supporting both NewToN and VAMOS, assigned a TSC from set 3 or set 4, it needs to form a VAMOS pair with a MS assigned TSC set 4 and 3 respectively. 
If for example a NewToN VAMOS MS is assigned a training sequence from set 3 and the network intends to form a VAMOS pair with an incoming call of a SAIC MS (not supporting NewToN), an intra-cell HO is first required to re-assign the NewToN MS to a training sequence to set 2. Intra-cell handovers like this would be a disadvantage.
(b) For a more flexible RRM procedure, it would be beneficial to always have the possibility to combine a new TSC set with the legacy one (since TSC set 1 is supported by all mobiles), for the assignment of non-VAMOS MS, reducing the need for additional intra-cell HOs. It can be noted that VAMOS MS still need to comply with only pairing TSC set 1 with TSC set 2.
A more flexible RRM implies that a MS supporting both NewToN and VAMOS would have to detect the paired TSC (if keeping the principle that only one TSC is assigned the MS).
A solution prioritizing RRM flexibility is shown in Table 4. A legacy non VAMOS MS can in fact be assigned in a pair with any of the TSC sets as desired, if a suitable MS for the pair is available. 
[bookmark: _Ref378086713]Table 4. Extended TSC combination with VAMOS and NewToN for flexible RRM.
	Assigned MS type
	Assigned 
TSC set
	Assumption 
on paired TSC
	Comment

	
	
	Set
	Index
	

	VAMOS
	1
	2
	Same
	VAMOS MS, or NewToN MS, on paired sub channels (see options in Table 2

	
	2
	1
	Same
	Any MS on paired sub channels

	
	3
	4
	Same
	VAMOS NewToN MS, or non-VAMOS NewToN MS on paired (depending on options in Table 2).

	
	3
	1
	Same
	Non VAMOS MS on paired sub-channel

	
	4
	3
	Same
	VAMOS NewToN MS, or non-VAMOS NewToN MS on paired (depending on options in Table 2).

	
	4
	1
	Same
	Non VAMOS MS on paired sub-channel

	non-VAMOS
	N(1)
	M(1)
	Any
	No MS supporting VAMOS in the pair

	NOTE1: N and M is dependent on MS capability:
- Legacy MS: 1 
- NewToN MS: 1 or 3 (Option 1 in Table 2)
- NewToN MS: 1, 2, 3 or 4 (Option 2 in Table 2)



In addition, to keep the principle that shifted SACCH is coupled to the assigned TSC, a new alternative mapping of the SACCH could be provided when assigned a TSC from set 3 (for MSs supporting VAMOS II or VAMOS III. Set 4 can still use the same mapping as set 2 today).
The implication of the increased flexibility brought by Table 4 is that NewToN MSs supporting VAMOS, and using a MS architecture where knowledge of the paired sub-channel is assumed, would have to blindly detect the paired TSC out of two candidates, see Table 4. This implication should be true for VAMOS II and VAMOS III MSs, but could also be true for VAMOS I implementations that make use of the knowledge of both VAMOS sub-channels.
Performance evaluation has been carried out with a VAMOS II receiver implementation using blind TSC pairing detection on a burst-by-burst basis with the results shown in Table 5.
[bookmark: _Ref396225699]Table 5. BMD Degradation for paired TSC detection.
	SCPIR [dB]
	Degradation of blind detection wrt to perfect detection

	
	VDTS-1
	VDTS-2
	VDTS-3
	Sensitivity

	4
	-0.6
	-0.5
	-0.9
	-1.6

	0
	-0.4
	-0.1
	-0.4
	-0.3

	-4
	-0.1
	-0.1
	0.0
	0.1

	-8
	0.0
	0.0
	0.0
	0.0

	-10
	0.0
	0.0
	0.0
	0.0



As can be seen, the degradation due to detection error is low or non-existing for high negative SCPIR values, while for equal SCPIR or positive SCPIR the degradation is more visible with rather pronounced degradation levels for VDTS-3 and Sensitivity.
It should be noted that the degradation level will be dependent on blind detection algorithm used and also the receive architecture assumed for the VAMOS II receiver.
In Figure 1 the VAMOS performance for the 16 TSC pairs for the legacy VAMOS case and the NewToN VAMOS sequences as proposed in [4] are shown. The performance is simulated in the UL with a 2-antenna VAMOS receiver in a sensitivity limited scenario in a TU propagation channel at 50 km/h using the AFS5.90 codec.
[image: ]
[bookmark: _Ref396165008]Figure 1. VAMOS UL receiver performance with legacy TSC set and proposed VAMOS set in [4].
As can be seen, the VAMOS performance for the NewToN VAMOS TSCs are close in performance to the legacy TSC set with a difference of around 0.3 dB. Considering that the VAMOS TSC set 1 and 2 have primarily been optimized for only eight TSC pairs while the NewToN VAMOS TSC sets are optimized to have good correlation with all existing TSCs and all TSCs in all new TSC sets, this is seen as a rather limited performance degradation.
In order to allow for a smooth implementation of the NewToN feature at the MS side and not to have the NewToN+VAMOS capability implying additional implementation efforts in terms of blind modulation detection of paired TSC, it is proposed to follow option (a) for the specification work on NewToN and VAMOS. Following this principle together with Proposal 1 will ensure that both NewToN and VAMOS+NewToN MSs will be able to be assigned any TSC of the four sets available and thus be paired with any other MS capability, as shown in Table 6.
[bookmark: _Ref396263491]Table 6. MS capability pairing with NewToN+VAMOS MS
	Assigned TSC set for 
NewToN + VAMOS MS
	Paired MS capability

	1
	VAMOS, 
NewToN, 
NewToN+VAMOS

	2
	non-VAMOS, 
VAMOS, 
NewToN, 
NewToN+VAMOS

	3
	NewToN, 
NewToN+VAMOS

	4
	NewToN, 
NewToN+VAMOS



	Proposal 2: TSC set 3 and 4 for VAMOS+NewToN supporting MSs follow the same principles as TSC set 1 and TSC set 2 for VAMOS MSs in that TSC set 4 follow the alternative mapping of associated control channels and pairing of TSC from set 3 and set 4 with the same TSC index is the only allowed pairing option for VAMOS+NewToN MSs.



Conclusion
Different options on
· TSC sets for NewToN MS not supporting VAMOS, and,
· TSC pairing for NewToN MS supporting VAMOS, 
have been discussed. 
Considering the limited additional complexity of supporting additional TSC sets it is proposed that any MS indicating support for NewToN supports all four definitions of TSC sets for the CS domain.
Furthermore, a straightforward extension of the current VAMOS functionality is proposed to allow for a less complex MS implementation, although having the implication of a more restrictive RRM procedure on the network side. 
The following proposals are made:
	Proposal 1: All NewToN MSs shall for the CS domain support TSC set 1 to 4.

	Proposal 2: TSC set 3 and 4 for VAMOS+NewToN supporting MSs follow the same principles as TSC set 1 and TSC set 2 for VAMOS MSs in that TSC set 4 follow the alternative mapping of associated control channels and pairing of TSC from set 3 and set 4 with the same TSC index is the only allowed pairing option for VAMOS+NewToN MSs.
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