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1. Overall Description:

RAN1 would like to thank RAN4 for their LS entitled “LS on implications of MIMO schemes on RAN4 requirements” in R4-072232 / R1-080014 giving RAN1 the opportunity to discuss the impact of transmitter time-misalignments on the performance of the various MIMO modes.

RAN4 asked RAN1 to investigate the implications of the MIMO transmission schemes on transmitter time-misalignments, particularly mentioning small/large delay CDD and beamforming, and would specifically like to have clarifications on

· whether practical impairments such as transmitter time misalignment have been considered when the MIMO schemes where specified

· whether the system benefits of all the different MIMO schemes will be seen once such impairments are taken into account
Response:
In general, transmitter time-misalignments tends to negatively impact MIMO schemes involving channel dependent precoding, as the precoding may need to be performed with finer frequency granularity to track the increased frequency-selectivity of the channel. Thus, there are in general reasons to limit the time misalignment to reduce signalling overhead. Particular issues for each MIMO scheme mentioned in the overall description are discussed below.

Beamforming 

Beamforming is a well-proven technique for correlated antenna setups that gives significant system gains at a very low signalling overhead cost. It can be implemented in various ways, including using codebook based precoding based on common RS or using dedicated RS and non-codebook based precoding.The impact of transmitter time misalignment on the performance of beamforming has been investigated. Beamforming requires accurate array calibration with a resulting equivalent transmitter time-misalignment on the order of 4 ns if a single UE is to be scheduled over a 20 MHz bandwidth using a single precoder vector. For smaller localized scheduling bandwidths, e.g. 1 MHz, a transmitter time-misalignment on the order of 60 ns seems adequate.

Small delay CDD

Under ideal and small delay CDD beneficial conditions with little or no frequency-selectivity, gains on the order of 5% over fixed, channel independent, precoding have been reported, Compared with channel dependent precoding, e.g. beamforming, the gains are significantly smaller. If feedback delay and accurate modelling of inter-cell interference is added, the gains relative fixed precoding vanish. Note that small delay CDD can be implemented transparently outside the standard by applying the CDD operation also to the common RS and all the RAN1 evaluations of small delay CDD are in fact applicable to such a standard transparent scheme.

The only reason to have small delay CDD as part of the specs is for the ability to enable and disable the CDD operation on a UE specific basis. The benefits of supporting UE specific enabling of small delay CDD and how to exploit this feature are not clear, but it is apparent that time-misalignments will reduce any possible benefits. This has not been investigated by RAN1 but it is obvious that for at least 10 MHz to 20 MHz system bandwidths time-misalignment on the order of the 65 ns mentioned in the LS prevents UE specific disabling of small delay CDD operation. It is estimated that small delay CDD thus needs accurate array calibration with similar accuracy as for beamforming to remove the otherwise CDD like operation naturally induced by transmitter time-misalignment, so that small delay CDD may then be artificially reintroduced on a UE specific basis.

Large delay CDD

Large delay CDD performs CDD operation in the virtual antenna domain in contrast to small delay CDD where the CDD operation is performed directly onto the antenna ports. Thus, it has an entirely different structure and moreover relies on a very large delay value and as such it is a transmission mode fundamentally different from small delay CDD. As a consequence it is not more sensitive to transmitter timing misalignments than channel dependent precoding schemes in general.

2. Actions:

RAN1 kindly asks RAN4 to take the above responses into account in their future works on LTE/SAE.

3. Date of Next TSG-RAN WG1 Meetings:
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