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Introduction
During RAN#47, there was some discussion on the possibility of a MIMO Enhancement WI for HSPA. Although there was no conclusion to start such a WI in RAN, this paper outlines one possibility that could be considered, i.e. concept called here TDMA-MIMO.
TDMA-MIMO concept
Linear MMSE equalizer receivers can be used to suppress interference in HSDPA for both MIMO and non-MIMO modes. Although there is a large selection of LMMSE algorithm variants they depend on the covariances of transmitted signal and interference. Different algorithms are used in receivers to acquire that information. Depending on the used algorithms there may be some mismatch between the actual covariance and receiver assumed covariance. Code multiplexing of different UEs may have impact on the transmitted signal covariance if they are using transmit antenna processing techniques. 
If different beamforming weights are applied to each code, then the inter-code interference suppression gains are affected, since the effective radio channel for codes with different beamforming weights differs. Furthermore, if a single TX antenna user and a dual TX antenna MIMO user are multiplexed in the same TTI, then the effective beamforming weights are {1,0}  for the single TX antenna user, which will differ from the MIMO user’s weights

The non-linear iterative receivers typically subtract an estimate of a signal to improve estimation result. If HSDPA code multiplexing could be avoided, the larger part of the total transmitted signal could be estimated by the UE.

Where a single TxAA or D-TxAA user is scheduled in a TTI, then all 15 of the HSDPA codes will use the same beamforming weight. Of course, there will be some residual interference from the pilots and control channels, but since these are broadcast it is not possible to apply antenna weights and thus the interference is not so easily mitigated.

Where more than one multiple TX antenna user is scheduled in a TTI, the scheduler would need to ensure that scheduled users would be ones that required the same beamforming weights. Such a restriction would not be possible in practice, and thus scheduling several multiple antenna users is somewhat impractical.

Thus currently there is a performance penalty associated with allowing the scheduler flexibility to do code multiplexing in a MIMO cell. TDMA MIMO would overcome this by introducing a TDM component, in the form of ability for the scheduler to allocate an individual timeslot within a TTI to a user, see Figure 1.
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Figure 1  Basic principle of TDMA-MIMO.
In this way, interference between users receiving from a different number of antennas or with different TX weights would be avoided, and the performance of each user would be the same as without multiplexing. On the other hand, the scheduler would gain the flexibility to multiplex multiple users into a TTI.

In principle, the HS-SCCH signalling structure used in Rel-9 HSDPA could be preserved, including the timing relationships. The code space indication present in the current HS-SCCH could be interpreted as a timeslot allocation. Furthermore, the ACK/NACK timing could also remain the same as in Release 9.

An expected growth in traffic arising from smartphone and M2M applications is likely to give rise to a considerable increase in the need to transmit small PDUs. Air interface efficiency will only be maintained if the scheduler is able to multiplex together small PDUs. 

A further application of the technique could allow for multiplexing of VoIP users in one or two of the timeslots with MIMO users, thus enabling an efficient use of the air interface for MIMO whilst serving VoIP traffic.

Conclusion

This paper has outlined a TDMA-MIMO concept that increases the flexibility of the network to maintain MIMO efficiency whilst coping with a growth in small packet and VoIP type applications. Impacts to the standards are relatively restricted, as the current HSDPA timing and signalling would be unaffected.
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