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Introduction
VAMOS WID has been established in 3GPP GERAN #40 meeting [1]. The MUROS study has showed that the VAMOS mode of operation needs adaptation of a few parameters to make reliable and good voice services when two users are on one slot. These adaptations are, but not limited to, codecs (AMR, FR, HR etc), FH to introduce user diversity, power imbalance to give suitable levels of RF signal to each VAMOS user and increase the pairing range and providing suitable RF condition for legacy handsets (both DARP and non-DARP) to perform. This contribution proposes a further VAMOS physical layer adaptation scheme, an adaptation of pulse shaping while keeping the VAMOS signal within the GMSK mask. The benefit is that both users can improve their performance by a couple of dB in the example of 5 dB power imbalance on FR.
VAMOS modulation
Two VAMOS paired handsets could have different need of RF power, and require different C/I. Therefore their power ratio could be different from unity. Hence the BTS would send VAMOS signal with the power imbalance (+10 dB to -10 dB per MUROS working assumption) intended for the two users.

The VAMOS signals can be made with following approaches, while the first two are the summary of previous discussions [2], the third one is the focus of this contribution.
1. Adding two GMSK signals of different level intended for the two users together, giving each user suitable power levels. The two GMSKs’ has a phase shifted of π/2. This would be the basic VAMOS modulation which works in our early demo and contributions.
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Figure 1  Basic VAMOS modulation: two GMSK linear sum

2. Map both user 1 and 2 to I and Q axes respectively of a QPSK constellation, as shown in Figure 2, with π/2 progressive phase rotation on every symbol (just like EGPRS 3 π /8 rotation on every symbol) with each user having the required power level. The Tx IQ’s can be filtered with the linear Gaussian filter (LGF), as shown in Figure 3, to satisfy the existing GSM spectrum mask. 
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Figure 2  Adaptive QPSK constellation diagram for VAMOS
· From the path-loss and other relevant parameters, such as measurement reports of each of the two co-TCH mobiles, derive the required total Tx power P and power imbalance parameter β:

P =P1+P2, and 

β=arc tan(R) 
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where P1 and P2 are the RF powers for user 1 and user 2 respectively in linear quantities, and
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· Determine the digital gains for each of the two co-TCH mobiles:  

For user 1, G1 = cos(β), and 

For user 2, G2 = sin(β)
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Figure 3  Adaptive QPSK modulation with the same LGF pulse shaping

This method also applies the same pulse shaping to both and without the change of bandwidth of pulse shaping that adapt to the power imbalance.

Essentially both approaches 1 and 2 are achieving similar RF signals for two users. Our receiver performance simulations of 1 and 2 showed similar performance. 

3. The third one, as shown in Figure 4, is an improvement of the second approach. It has the same mapping shown in Figure 3, and introduces different pulse shaping on the two paired users’ baseband signal. The Pulse shaping A and B are related with the power imbalance and adaptive to the β parameter. For the low RF power user, the pulse shaping can be root raised cosine (RRC) filter and with broader bandwidth than the high powered user, while the sum of the two is still within the existing GMSK mask. 
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Figure 4  Adaptive QPSK modulation with pulse shaping adaptation (A and B)
For a simple example, if user 2 is further away from the BTS than user 1, and user 2 has 5 dB more power than user 1, the power imbalance is user 1/user 2 = -5 dB, then pulse shaping A for user 1 can be RRC with broader bandwidth than shaping B for user 2, as user 1 has weaker RF signal than user 2. 

VAMOS signals can use a family of RRC pulse shapes (filters) that have different bandwidths to adapt to different power imbalance cases. LGF/GMSK can be considered as the default pulse shaping/modulation. The principle of adaptive pulse shaping is that the user with weak RF signal can use broader bandwidth pulse shaping, while the user with strong RF signal has narrow bandwidth pulse shaping when suitable. It is suggested that the total sum satisfies the GMSK mask as the cell planning is based on that. In this way VAMOS can make better use of allocated resource more efficiently and improve their performance without introducing considerable CCI or ACI to others without considering other users in the heavily loaded areas. 
The benefits of the above adaptation scheme benefit both VAMOS users:
1. For a weaker one that has broader bandwidth it will have better performance. This is because the RF energy per symbol is stronger than a narrow one, e.g. the conventional method (GMSK or LGF) on the user with less indented Tx power (the weak RF user with DARP handset);

2. The user with big intended Tx power (the strong RF user, in the worst case without DARP handset) will have better performance, as the RRC will minimize the ISI to the intended user and the interference to the other user.

Our link level simulation results showed that it has double benefits. Numerous verifications have been made to come to the above conclusions.
To illustrate the points above, one example of VAMOS pulse shaping adaptation can be a broader RRC on weak user and one LGF on strong user, where both VAMOS users have their performance improved by a couple of dBs. Simulations have been carried out with and without pulse shaping adaptation. 
Pulse Shaping Adaptation has following conditions:

1. User 1, with greater RF power (say 5dB) than user 2, on LGF pulse shaping, and 
2. User 2, with less RF power (correspondingly -5 dB) than user 1, on RRC pulse shaping.
Figure 5 shows the two pulses considered in time domain. 
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Figure 5 Two pulse shaping used in VAMOS adaptation

Figure 6 shows the spectrum of relevant aspects, from which we can see that this VAMOS pulse shaping adaptation satisfies the GMSK mask.
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Figure 6 VAMOS spectrum satisfies the GMSK mask: Spectrum of adaptive QPSK VAMOS signal with a RRC pulse shaping on weak signal and a linearised Gaussian pulse shaping (LGF) on strong signal – power imbalance 5dB.

Figure 7 shows the performances of both VAMOS users on the two schemes: one with VAMOS pulse shaping adaptation (the red curves - dots and diamonds), and the one only apply LGF, without VAMOS pulse shaping adaptation (the blue curves – stars and crosses).

The pulse shaping adaptation shows that both VAMOS users have improved their performance by about 3 dB when comparing with VAMOS LGF pulse shaping (see the two red curves are better than the two blue ones).
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Figure 7 MTS1 Performance improvement between the cases with and without VAMOS pulse shaping adaptation
In general the widths of the pulse shaping functions can be linked to the power imbalance ratio. The bigger the power imbalance, the broader the weak one can have. The adaptation is to use RRC and the sum of the two has a spectrum (with PA impairment) that respects the GMSK mask. 

In practice a series of pulse shapes can be stored and indexed with the power imbalance decision made by the RRM (radio resource manager). It needs just hundreds of words of memory to hold the coefficients of different pulse shapes, and emploies a pointer that changes with the power imbalance decision made by the BTS between the two VAMOS users.

In theory the pulse shaping adaptation on DL can be changed every frame. This may be used in frequency hoping case when user diversity is introduced. However in non-FH cases it may change based on SACCH report period, and then the adaptation may happen every 480 ms or 120 ms with enhanced report mechanism. The actual rate of adaption is flexible, from every frame to keeping them constant as it is currently. It is related with the two handsets RF conditions at the time of voice services as well.

Discussion
This contribution proposes that the a few RRC filters together with LGF and GMSK can be stored and adaptively used with different power imbalance cases on adaptive QPSK VAMOS modulation signal. The scheme will keep the total spectrum of the two inside the GMSK mask. Simulation shows that both users will benefit from this adaptation. In the example of worst case (legacy DARP and non-DARP), both have been improved by 3 to 4 dB in MTS1.
Since this scheme make better use of allocated spectrum in certain cases it may introduce slightly more CCI and ACI, especially to the next sector on the same site. However the point of adaptation is to explore the option so that optimum benefit can be obtained. It should be noted that the pulse shaping can be narrower as well as broader than the conventional one. So the CCI and ACI are managed in adaptive way to reach a better performance for both VAMOS users and beyond. 
Although the simulation result presented has not taken PA impairment into the consideration, the area where PA impairment happens are deliberately left with a realistic margin. It is expected that the adaptation concept introduced here would adapt to the situation in practice. While a small offset might be expected due to reality limitations, adaptation will improve the relative performance of the same situation, as shown in this contribution for the case presented.
Since there are clear benefits on both VAMOS users, it is proposed that VAMOS modulation adaptation should include the use of different RRC pulse shapes together with GMSK/LGF with regard to different level of power imbalance while the GMSK mask is respected. We hope other companies to verify this proposal and work together to explore the benefit of pulse shaping adaptation.
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