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1 Introduction
This contribution provides a description of an advanced MIMO proposal for HSDPA. 
MIMO techniques have been shown to represent a very promising  means  for further improvement of user and system throughput in WCDMA.  Several approaches to MIMO have been captured already in TR 25.876.  
Although the MIMO schemes discussed so far seem to be widely different, many of them are structurally very similar which can be exploited for the design of a converged MIMO concept. 
The intension of this proposal is to initiate a convergence between the previously discussed MIMO techniques for HSDPA and to add some simple but very useful extensions to them, which enable further performance improvements.
2 MIMO Design
2.1 Overall Structure

In general, MIMO schemes are targeted to exploit spatial multiplexing and diversity in order to improve the link throughput. MIMO channels do not always allow for full spatial multiplexing order, which is upper bounded by the minimum of the number of transmit and receive antennas. For that reason, it is desirable to use MIMO schemes that do not try to use a higher spatial multiplexing order than the MIMO channel supports. Another attractive feature of MIMO transmission is the possibility to use successive interference cancellation (SIC) schemes or similar non-linear receiver architectures in order to get close to the MIMO open loop channel capacity in cases where more than one encoded stream of data is transmitted in parallel. However, the potential benefit of successive interference cancellation comes at the cost of a more complex handling of HARQ processes including higher buffering capabilities and impacts on scheduling restrictions. Furthermore, it is desirable to introduce a MIMO scheme that requires as little as possible changes with respect to the existing HSDPA system design, in order to minimize implementation and deployment cost.
For these reasons a combination of the following features in a MIMO scheme seems attractive:
· The possibility to transmit with a spatial multiplexing order that can be adapted to the current channel conditions. Since it is not always desirable to transmit with the highest possible spatial multiplexing order, it would be useful to have a mechanism to feedback information on an appropriate spatial multiplexing order for the current channel conditions. On the other hand it is not very practical to switch transmit signals between antennas as the linearity requirements for the power amplifiers might get prohibitive. Furthermore, the effect of switching power between transmit antennas or beams on users suffering from “flashlight” interference is not desired as well as it can degrade the CQI reporting performance and other critical measurements of interfered users. In order to overcome this, the concept of virtual antennas is suggested. According to this concept, the MIMO transmission is using a mapping between a certain number of virtual antenna ports and the full number of physical available antennas. A favourable way to do this mapping is to keep the transmit powers at the physical antennas approximately constant. Further details on the concept of virtual antennas are introduced in Section 2.2.  Two specific versions of the virtual antenna mapping are described in Sections 2.3 and 2.4 for different transmission modes as explained in the next two bullet items.
· The possibility to transmit just a single block of encoded data over multiple transmit antennas at any given point in time. This means that a single block of encoded data would be distributed over multiple OVSF codes and multiple transmit antennas. The transmitter would not have to change anything in the way the HARQ processing is done in conventional HSDPA. Only a single CQI feedback and a single ACK/NACK feedback would be needed per TTI. The receiver could be a simple linear space-time or space-frequency implementation of the well-known MMSE equalizer or could be a more complex receiver using non-linear joint demodulation of the spatially multiplexed transmit data. This transmit mode shall be denoted Single Code Word (SCW) mode in what follows. A more detailed description of the SCW mode is presented in Section 2.3.
· The possibility to transmit multiple encoded blocks of data over multiple transmit antennas at the same time. This means that a set of parallel encoded data blocks would be distributed over multiple OVSF codes and multiple transmit antennas. The transmitter would have to change the way HARQ processes are handled, since now multiple data blocks are transmitted at the same time. Also the receiver might have to provide multiple CQI and ACK/NACK feedbacks per TTI. On the other hand such a transmission mode would allow for realizing the potential benefit of SIC due to the possibility of successively decoding and cancelling different layers of the parallel transmitted but separately encoded data streams. This transmit mode shall be denoted Multiple Code Word (MCW) mode in what follows. A more detailed description of the MCW mode is given in Section 2.4.

The combination of these features leads to two MIMO modes that are summarized in Figure 1 and Figure 2.
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Figure 1 Single Code Word MIMO transmitter mode.
In Figure 1, a single stream of turbo encoded data is mapped on a number of modulators according to the current spatial multiplexing order as indicated by feedback from the receiver and according to the number of available OVSF codes. Each slice in Figure 1 corresponds to one OVSF code. In the example in Figure 1, only two out of four possible virtual antenna ports are used for the current TTI. The unused modulators are shaded with a grey diagonal pattern. The virtual antenna mapping is then generating weighted versions of the virtual antenna signals in order to use all physical transmit antennas at all times. If this weighting is done appropriately, the transmit powers at the physical antennas remains constant. After virtual antenna mapping, the OVSF code specific signals get spread, added, combined with overhead channels and other code channels (not depicted), scrambled, pulse shaped and finally transmitted through the analogue front end. The SCW mode is comparable with the well-known Code-Reuse BLAST scheme using a single stream of encoded data and virtual antenna mapping [1]
For the MCW mode described in Figure 2, the payload data gets demultiplexed in a number of parallel turbo encoders according feeding the modulation branched of a selected set of virtual transmit antennas indicated by feedback from the receiver. Depending on the current channel conditions, the receiver could indicate which of the virtual antenna ports to use and what would be the best transport formats per virtual antenna, i.e. provide a virtual antenna specific CQI feedback. Each of the parallel encoded data streams is then demultiplexed onto the available OVSF codes, modulated and mapped through the virtual antenna mapping onto physical transmit antennas. The remainder of the processing is identical to the SCW mode. The MCW mode including selection of virtual antennas is comparable to the concept of selective PARC [2] combined with the concept of virtual antenna mapping.
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Figure 2 Multiple Code Word MIMO transmitter mode
2.2 Virtual Antenna Concept

Let us assume that Node-B is equipped with 
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physical antennas. Normally, a MIMO receiver is required to estimate the 
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spatial channels to each of its receive antenna. In some scenarios (low SNR for instance) it is not desirable to have such a high number of parameters to be estimated by the receiver’s channel estimation or it might not be desired to transmit at the maximum spatial multiplexing order because the MIMO channel might be rank deficient. If the number of effectively used transmit antennas (= number of virtual antennas) could be reduced in such scenarios, the resulting channel estimation quality can be increased and the transmit signals might be better matched to the rank of the actual channel, leading to an overall improvement of throughput relative to using full spatial multiplexing. The virtual antenna design presented in this contribution allows the Node-B to effectively “appear” to the MIMO user as if it has 
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 transmit antennas rather than
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. This has the effect of decreasing the negative impact of channel estimation, however, it also limits the spatial diversity order.
In the sequel we describe one possible virtual antenna mapping method, which has the property that the transmit powers at the 
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 physical transmit antennas stay constant. Let 
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being the number of receive and transmit antennas), let 
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vector to be transmitted on 
[image: image13.wmf]e

M

effective (= virtual) transmit antennas for a given OVSF code. The transmitted vector after virtual antennas 
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 orthonormal matrix with the property that the magnitude square of the entries of each row sum to a constant. A class of such matrices would be 
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DFT matrix, and 
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 permutation matrix that selects which 
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columns of 
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to be used the current point in time. If we neglect spreading, scrambling and pulse shaping for the sake of simplicity, the noise free received vector would then be
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That is, effectively, the MIMO system reduced to an 
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one as depicted in Figure 3. Note that we equally distribute the available power on the 
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in parallel transmitted modulation symbols per OVSF code. For simplicity of exposition, the power is assumed to be absorbed in the entries of 
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Figure 3 Example for virtual antenna mapping.
The virtual antenna mapping could be a static mapping or alternatively, it can also change over time. For instance, if the unitary weighting matrix 
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remains constant over time, the permutation or selection matrix 
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could be a function of a UE feedback that determines how to map the virtual antenna ports to the ports provided at the input (left side) of  the centre blue box in Figure 3. In that sense the selection matrix P would be an inherent part of S-PARC [2], if S-PARC would select from the input ports of the centre blue box (
[image: image36.wmf]U

) in Figure 3. 
The virtual antenna mapping could also change over time in a deterministic pseudo random manner, for instance by changing the diagonal matrix 
[image: image37.wmf]D

over time. This variation of the virtual antenna mapping is assumed to be known a-priori to the receiver as it would be synchronized to the TTI timing. If the variation is fast enough (e.g. a different weighting matrix every 8 symbols), this would have the advantage, that the radiation of energy would be approximately uniform across the sector if averaged over short time intervals (e.g. one TTI), thus reducing the potential impact to other users due to the “flashlight” effect that would happen in case a fixed beam or antenna would get selected. This kind of application of the virtual antenna concept in conjunction with the SCW transmission mode is described further in Section 2.3.
Another possible application of the virtual antenna concept in conjunction with the MCW transmission mode is the reduction of CQI feedback rate. In case of MCW transmission in a conventional MIMO system without the virtual antenna concept, in general, the Node B would need to know an individual CQI per transmit antenna in order to perform an appropriate transport format selection per antenna. This would mean that for each transmit antenna one CQI feedback is required. If one uses the concept of time variant virtual antenna mapping where the time variance consists of cycling through a set of permutation matrices such that each parallel encoded transmit stream would be mapped to each useful  input port (light gray) of the centre blue box (
[image: image38.wmf]U

) in Figure 3, then the CQI for the virtual antennas should become more equalized. Differences could still exist due to the potential use of SIC or other non-linear receiver architectures. This averaging of the virtual antenna specific CQI values can be exploited to reduce the number of bits needed to feedback the whole set of CQI values. Further details of this application of the virtual antenna concept are described in Section 2.4.
For transmission modes in which the transmitter needs to know the number and/or the index of the virtual antenna ports to be used in the next TTI, the FBI fields in the R99 slots could be used to signal that information back to the transmitter.
2.3 Single Code Word Mode & Space-Time Scrambling
2.3.1 Basic Physical Layer Structure

As depicted in Figure 1 and Figure 4, a single stream of turbo encoded data is transmitted in the SCW mode. At any given point in time, bits of only one encoded data block are transmitted. Based on a UE feedback, the spatial multiplexing order,
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, to be used at the transmitter is determined. With 
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being the number of OVSF codes to be used for the currently scheduled user, the encoded data bits are passed into a set of 
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modulators. For each OVSF code, 
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modulators are used, each corresponding to one virtual antenna port. The 
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symbol streams for each OVSF code are then transformed into a set of  
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 symbol streams, that corresponds to the
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 physical transmit antennas. Possible mapping methods were illustrated in Section 2.2. 
The preferred way of virtual antenna mapping for the SCW mode described in here is called Space-Time Scrambling and cycles through multiple permutations 
[image: image47.wmf]P

 of on or more unitary weighting matrice(s) 
[image: image48.wmf]U

that are designed to have the property to keep the transmit powers at the physical antennas constant, if the total power of the input signals to the virtual antenna ports is constant. See Section 2.2 for an example on how to construct such unitary weighting matrices. 
The switching period for altering the spatial weighting shall be small enough to ensure an almost uniform spatial radiation behaviour over one TTI. Due to this, the impact on other users in the system that might get affected by a “flashlight” type of interference is reduced while the spatial diversity within the transmitted code block is maintained at a high level.

It is suggested to use a switching interval of 8 symbols at spreading factor 16, i.e. 33.33 μs, as this seems to be a good compromise between complexity and fast averaging.
In case of using all transmit antennas at all times without any virtual antenna mapping, the SCW mode is comparable with the well-known Code-Reuse BLAST scheme using a single stream of encoded data. In that sense the SCW mode described herein can be regarded as an extension of CR-BLAST.
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Figure 4 SCW mode with Space-Time Scrambling
2.3.2 Adaptive modulation and coding schemes
Coding/Interleaving/Rate Matching:

This function includes CRC attachment, code block segmentation,  interleaving, turbo encoding and rate matching, taking into account selected modulation and coding scheme, the size of the HARQ combining buffer of the served UE and the number of HS-PDSCH channelisation codes.

A principal feature of the SCW mode is that only a single stream of  encoded bits is generated which is distributed over the virtual transmit antennas at an equal data rate for each virtual transmit antenna stream. The number of virtual antennas to be used shall be signalled by the UE. A preferred way to get this information signalled to the Node B is to use the FBI bit fields in the existing R99 slot formats. All the remaining processing steps for Coding/Interleaving/Rate Matching mentioned in the previous paragraph will remain unchanged as compared to Rel-5, except that larger transport block sizes need to be defined. It is anticipated that the existing resolution of 5 bits per CQI report will be sufficient for the SCW mode. The UE would perform exactly the same procedure for CQI estimation and feedback as in previous Releases. The scheduler would decide on the resource allocation, taking into account the CQI feedback and possibly also the spatial multiplexing order feedback. After deciding upon the allocated resources, the processing chain for Coding/Interleaving/Rate Matching would be processed as in previous Releases.
Modulation:

Selection between QPSK and 16-QAM modulation, and constellation for 16-QAM. Also this processing step is not changed from previous Releases.

2.3.3 Transmission algorithms

Virtual Antenna Mapping:

The virtual antenna mapping is suggested to use a pseudo random cycling through a a-priori defined set of permutations of multiple unitary weighting matrices 
[image: image50.wmf]U

as defined in Section 2.2. The feedback on the spatial multiplexing order is used to select the number of columns of the weighting matrices 
[image: image51.wmf]U

that shall be used for a specific TTI.
It should be noted that in SCW mode we could also use a fixed virtual antenna mapping (time-invariant unitary weighting matrix 
[image: image52.wmf]U

) in combination with a feedback on selecting the subset of virtual antennas to be used for transmission. This would have the advantage to allow for a roughly quantized waterfilling across virtual antennas. However, the drawback is the larger variance in terms of interference to other users, i.e. the flashlight effect. Therefore, it is preferred to use only the feedback of the spatial multiplexing order for the SCW mode.
Spreading:

The scheduler decides on the number L of length 16chips OVSF codes to be assigned to the UE that is scheduled. Spreading with L OVSF codes of length 16 chips is performed. Each OVSF code is reused 
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 times for spreading each of the 
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 symbol streams that are output from the virtual antenna mapping for that specific OVSF code. This is depicted as multiple code slices in Figure 4. 

Power setting:

Each spatially multiplexed symbol stream is  transmitted with the same power.

Overlaying physical channels, scrambling, pulse shaping:

All simultaneously transmitted physical channels of each transmit antenna stream are summed up and then scrambled with the assigned scrambling code. Finally the SCH is added and pulse shaping is applied. Note that the use of different scrambling codes for different transmit antennas is possible and FFS.
2.3.4 Physical layer aspects for MCS Selection
Due to the possibility to transmit with spatial multiplexing order > 1, the transport block sizes relative to Rel-5 will have to be increased if the principle of transmitting only one transport block per TTI should be kept. In general this should be fine. Just in case of extremely large transport block sizes, it is to be expected that due to the code block segmentation, a larger number of code blocks could be used in one TTI which in turn could affect the BLER since the likelihood of an block error will increase with the number of code blocks in one TTI. However, such effect should only become noticeable at extremely high data rates.
Besides providing the possibility to use larger transport block sizes, also the CQI reporting tables would have to be adjusted in order to reflect the increase in peak data rates. Different CQI tables would be needed for different spatial multiplexing orders.
Due to the increase of the spatial multiplexing order beyond one, the number of available encoded bits to be transmitted over the air can becomes significantly larger than in non-MIMO systems. For that reason is should be possible to use much lower code rates at similar or even higher data rates then in non-MIMO systems. This allows for increased efficiency, since the gap to capacity achieving coding is smaller for lower codes rates in HSDPA.

In order to benefit from this increase of dimensionality, the UE has to report to the Node B a CQI value that takes into account the possible spatial multiplexing and the UE performance when separating the spatially multiplexed streams. Furthermore, the UE also needs to take into account that the SNIR for different spatially multiplexed symbol streams are in general different, which will impact the turbo decoding performance. In the case of only two transmit antennas, the rather extreme distribution of SNIRs (only two values are possible for the transmitted symbols) can be smoothened by the fast Space-Time scrambling scheme described earlier. This smoothing of the SNIRs of different symbols within a TTI does not reduce the resulting variance of SNIR within the TTI, but it can help to improve the decoding performance in some high code rate cases. However, this seems to be a minor effect.

In order to provide a useful CQI feedback, the UE needs to perform a calculation of an effective SNIR at its equalizer output. Such a calculation needs to take into account the different SNIR levels seen for the different transmit symbols within one code block. Since such variations do have an impact on the decoding performance of a turbo decoder, it is rather important to do this mapping in a correct way. Various different mapping methods for deriving an effective SNIR have been discussed in 3GPP before [3][4]
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 \* MERGEFORMAT [5]. A useful mapping method is the convex metric, which is based on the assumption that the sum of capacities for the individual SNIRs would be equal to the capacity for the resulting effective SNIR. The convex metric is given by
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 is the individual SNIR per symbol within a TTI and Q is a penalty factor that can be used to model penalties due to non-Gaussian modulation, realistic code rate, packet size, channel estimation errors and channel variations.

Based on an estimated spatial multiplexing order and the knowledge of the performance of the UE receiver to separate spatially multiplexed symbol streams (i.e. the effective SNIR), the UE can derive a CQI feedback in a similar manner as in previous releases. The UE would pick an index to a CQI table such that the index points to the highest possible data rate for which the UE could guarantee that the BLER stays below a certain threshold, if the channel was static. The CQI feedback and – if applicable – the spatial multiplexing feedback will be used in the Node B scheduler to decide about the code and power allocation for the scheduled users. Since the Node B is applying a fast time variant Space-Time Scrambling, there is no need to identify a specific subset of virtual antennas. Only the number of virtual antennas to be used is important in that case.
2.4 Multiple Code Word Mode with Pseudo Random Antenna Permutation
2.4.1 Basic Physical Layer Structure

As depicted in Figure 5 and Figure 6, multiple streams of parallel turbo encoded data is transmitted in the MCW mode. At any given point in time, bits of multiple parallel encoded data blocks are transmitted. Based on a UE feedback, the spatial multiplexing order
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and the selection of the virtual antennas to be used at the transmitter, is determined. The spatial multiplexing order  is also the number of parallel encoded data streams. The virtual antenna ports that are referred to in this description of the MCW mode are actually corresponding to the input ports of the centre blue box (
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) in Figure 3. With 
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being the number of OVSF codes to be used for the currently scheduled user, the encoded data bits from each turbo encoder are passed into a set of 
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modulators, which results in a total number of 
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modulators. In Figure 5 and in Figure 6, the per-OVSF code processing is illustrated by multiple slices. For each OVSF code, 
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modulators are used, each corresponding to one selected virtual antenna port, carrying one of the spatially multiplexed and separately encoded data streams. The 
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symbol streams for each OVSF code are then transformed into a set of  
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 symbol streams, that corresponds to the
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 physical transmit antennas. Possible virtual antenna mapping methods were illustrated in Section 2.2. 

If the purpose of using virtual antennas is limited to making the transmit power at each physical antenna constant, then a fixed (or also very slowly time variant) virtual antenna mapping could be used in the MCW mode.

The preferred way of virtual antenna mapping for the MCW mode described in here is, however, time-variant. This way of performing virtual antenna mapping is called Pseudo Random Antenna Permutation (PRAP). It basically consists of cycling through multiple permutations 
[image: image68.wmf]P

 of one fixed unitary weighting matrix 
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that is designed to have the property to keep the transmit powers at the physical antennas constant. See Section 2.2 for an example on how to construct such unitary weighting matrices. If we cycle through a set of permutations 
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within one TTI in such a way that each stream of spatially multiplexed and separately encoded data was mapped at least once to each of the selected virtual antennas that shall be used according to the UE feedback on virtual antenna selection, then the effective SNIR per spatially multiplexed and separately encoded stream gets quite similar. This enables a reduction of CQI feedback as the only difference in the resulting CQI of the different streams is now originating from a possible SIC processing in the receiver. 
The switching period for altering the permutation of the selected virtual antennas shall be small enough to ensure averaging behaviour over one TTI, but as large as possible in order to keep the receiver complexity of an SIC receiver that would need to keep track of multiple MMSE filters for each permutation at an acceptable level. 

Depending on the number of selected virtual antennas, the switching between different permutation patterns should occur between 0 (for only 1 selected virtual antenna) and 23 times (for 4 selected virtual antennas) per TTI for 4 transmit antenna cases. When only two virtual antennas are selected, only 1 switching point per TTI needs to be used. It is expected that the case of 24 permutations per TTI is not really needed since in the case of 4 selected virtual antennas, it should not be necessary to go over all possible permutations in order to achieve a reasonable averaging effect.

Without PRAP, a CQI feedback would be needed per spatially multiplexed stream. With PRAP this could be reduced to one reference CQI and one or more Delta-CQI values that could be quantized with a smaller number of bits. It is actually also possible to use only one CQI plus one Delta-CQI value for feedback, even when more than 2 virtual transmit antennas are used.
The MCW mode described herein is basically an extension of the S-PARC scheme using the concept of PRAP as an add-on.
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Figure 5 MCW mode with fixed or slowly varying virtual antenna mapping
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Figure 6 MCW mode with Pseudo Random Antenna Permutation
2.4.2 Adaptive modulation and coding schemes

Coding/Interleaving/Rate Matching:

This function includes CRC attachment, code block segmentation,  interleaving, turbo encoding and rate matching, taking into account selected modulation and coding scheme, the size of the HARQ combining buffer of the served UE and the number of HS-PDSCH channelisation codes.

A principal feature of the MCW mode is that multiple streams of separately encoded bits are generated which then are transmitted with one virtual transmit antennas each for any  given point in time. The number and the indices of virtual antennas to be used shall be signalled by the UE. It needs to be evaluated if this information can be signalled to the Node B using the FBI bit fields in the existing R99 slot formats.

All the remaining processing steps for Coding/Interleaving/Rate Matching mentioned above are identical to the ones used in Rel-5, except that multiple instances have to be used in parallel. In particular the maximum transport block size per encoded stream is identical to the existing one for earlier Releases.  

It is anticipated that a 5 bit CQI would be needed per spatially multiplexed stream if no PRAP was used. With PRAP, the amount of feedback could be reduced as explained in the previous sub clause. The anticipated number of feedback bits are 5 for the reference CQI value and 3 for a Delta-CQI value, respectively. The UE would perform a similar procedure for CQI estimation and feedback as in previous Releases. For each of the spatially multiplexed streams, the UE would determine a CQI value taking into account possible performance enhancements due to SIC architecture.
The scheduler would decide on the resource allocation, taking into account the CQI feedback and the spatial multiplexing order / virtual antenna selection feedback. After deciding upon the allocated resources, the processing chain for Coding/Interleaving/Rate Matching would be processed as in previous Releases, just on a per stream basis.
Modulation:

Selection between QPSK and 16-QAM modulation, and constellation for 16-QAM. Also this processing step is not changed from previous Releases.

2.4.3 Transmission algorithms

Virtual Antenna Mapping:

The virtual antenna mapping is suggested to use cycling through multiple permutations 
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 of one fixed unitary weighting matrix 
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that is designed to have the property to keep the transmit powers at the physical antennas constant. See Section 2.2 for an example on how to construct such unitary weighting matrices. This cycling should be done in such a way that each stream of spatially multiplexed and separately encoded data was mapped at least once to each of the selected virtual antennas.
It should be noted that the undesired effect of flashlight interference in MCW schemes with an antenna selection feature (virtual or physical antennas) can be mitigated if no selection of a subset of antennas is carried out (always using the full spatial multiplexing order) or if users are multiplexed together in one TTI, such that all virtual antennas are used with equal power.

Spreading:

The scheduler decides on the number L of length 16chips OVSF codes to be assigned to the UE that is scheduled. Spreading with L OVSF codes of length 16 chips is performed. Each OVSF code is reused 
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 times for spreading each of the 
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 symbol streams that are output from the virtual antenna mapping for that specific OVSF code. This is depicted as multiple code slices in Figure 6. 

Power setting:

Each separately encoded and spatially multiplexed stream is transmitted with the same power.

Overlaying physical channels, scrambling, pulse shaping:

All simultaneously transmitted physical channels of each transmit antenna stream are summed up and then scrambled with the assigned scrambling code. Finally the SCH is added and pulse shaping is applied. Note that the use of different scrambling codes for different transmit antennas is possible and FFS.

2.4.4 Physical layer aspects for MCS Selection

In MCW mode of operation, each of the turbo encoded data streams uses the same Coding/Interleaving/Rate Matching as a conventional single antenna HSDPA transmitter. Therefore, the set of MCS to select from for each data stream is not changed relative to Rel-5. In order to allow for an appropriate MCS selection by the scheduler, the Node B needs information on the CQI per parallel encoded data stream. As described earlier, the amount of feedback can be reduced by the use of PRAP due to the averaging effect of the per-stream effective SNIR. On the other hand, this averaging effect will impact the performance slightly since the sum over the optimal MCSs for each stream could become larger if no PRAP was applied. The performance difference is, however, expected to be small.
One important aspect of the MCW mode is the correct determination of appropriate CQI values in the UE. The UE has to take into account the details of its receiver architecture. In case of a non-linear SIC receiver, the UE needs to account for the improved SNIR in case the cancellation of some inter-stream interference based on a successfully decoded block of one stream improves the effective channel quality for the next stream(s). Therefore, the UE has to base its CQI report on some assumption on how much of the inter-stream interference can be removed by SIC. Such a prediction is only possible, if the UE could rely on a certain power allocation for its own allocated OVSF codes and that all the codes it gets allocated on one antenna are also allocated on other antennas. If these assumptions on resource allocation in terms of power and codes are not met when the UE gets scheduled, the reported CQI values might become useless. This problem of predicting a per-stream CQI for UEs that use inter-stream interference cancellation is common to all MIMO schemes that rely on simultaneous transmission of multiple code words and SIC-type of receivers. 
Because the CQI feedback in MCW schemes relies to some extend on assumptions on resource allocation, it seems attractive to schedule MIMO users operating in MCW mode exclusively, i.e. refrain from using the CDM capability of HSDPA. If this restriction would be acceptable for those TTIs in which MCW mode MIMO users get scheduled, such UEs could rely on the resource allocation and provide a meaningful CQI feedback.
The CQI tables that have been in use so far could be kept identical, as they are used on a per-stream basis. There would be no need to expand them.

Another important aspect of MCS selection in MCW mode – again this is a property common to all MIMO schemes using multiple code word transmissions – is the handling of retransmissions in the HARQ processing. Let us point out a simple example to demonstrate this complexity: For instance, if in a 2x2 system a data block A on the first stream, whose interference was intended to be removed from the second stream, did not decode successful, it needs to be retransmitted. Since the second stream was most likely scheduled with a more aggressive MCS (because in the CQI derivation it was assumed that the first stream got cancelled, thus, improving the SNIR of the second stream) it is rather unlikely that the corresponding data block B in the second stream could be decoded successfully. If the first block A now gets retransmitted at a later TTI, it might get decoded successfully. At that point, it would be possible to remove the interference that code block A caused to the other data stream during its initial transmission and the retransmission, provided that the received signals are buffered for a sufficient time window. So only after that retransmission of A and successful decoding, it would be possible to try to decode again the data block B on the second stream that was transmitted in parallel to the initial transmission of the successfully decoded block. If it turns out that this block B on the second stream has not decoded successfully even though the interference from the initial transmission of A was removed, the retransmission of B is triggered quite late. That could have the effect that the channel quality at the time when the retransmission of block B could be scheduled already degraded and the MCS might have to be selected quite differently, further impacting the performance of decoding block B.
This example illustrates that in some cases, the buffering and HARQ processing can get slightly more complex if SIC is used with MCW transmission. Therefore, it might be useful to restrict HARQ processing in some way in order to allow simpler MCS selection and lower complexity in the UE. On the other hand, there seem to be more simple HARQ processing methods available (joint ACK/NACK) that can help to avoid these problems.
For MCW mode of operation, there are also other means of improving the receiver performance without having to rely strictly on SIC. This could help to mitigate this issues of scheduler constraints and HARQ processing  (e.g. soft cancellation, joint demodulation).

Finally it should be noted that the MCW mode – again this is common to all MIMO schemes with multiple transport block being transmitted simultaneously – could use the existing HS-SCCH signalling as a means to convey the information about the scheduling of more than one transport block to the UE. A simple way of doing that would be to use multiple HS-SCCHs as UE anyway have to be able to monitor up to four of them. Then the TFRI information and HARQ information about the parallel transmitted transport blocks could be signalled by parallel HS-SCCHs.

3 Summary of Main Properties
The present proposal of an MIMO scheme for HSDPA consists basically of a Single Code Word mode and a Multiple Code Word mode of MIMO transmission, combined with the concept of time variant virtual antenna mapping.
The major properties of the SCW mode with Space-Time Scrambling are:

· Signalling on HS-PDSCH scheduling fits into the existing HS-SCCH scheme. A user that gets scheduled can still be signalled with HS-SCCH in terms of Part I (modulation scheme and OVSF code allocation) and Part II (TB size, HARQ parameters). The table of 63 possible TB sizes for a given number of codes and modulation scheme may need to be adapted.

· The existing ACK/NACK scheme is sufficient as only one TB is transmitted per TTI, no additional channels or modifications are needed in the ACK/NACK feedback structure.

· When the SCW mode is used in combination with a spatial multiplexing order feedback for selection of the number of virtual antennas to be used, the UE would have to rely on the Node B using the first N virtual antennas where N would be the most recently fed back rank information. If that could not be achieved, some addition downlink signalling (maximum of 2 bit per HS-SCCH TTI) would be needed. 

· A single CQI feedback per TTI is sufficient. Since there is only a single transport block per TTI, no further CQI feedback would be needed and the Rel-5 scheme would be sufficient.

· Relative to Rel-5 CQI definitions and allowed TB sizes, an extension of the maximum TB size is needed. An upper limit for a 4x4 system should be in the order of 90 000 bits in one TB.

· Due to fast time-variant spatial unitary weighting (Space-Time scrambling), interference gets spatially whitened even when averaging over rather short time intervals (e.g. 1 TTI). This is a benefit in compatibility with legacy users and other MIMO users, as the “flashlight” effect (spatially non-uniform radiated interference that can hit other users in a time-variant manner) gets mitigated.

· The SCW mode does not provide the possibility to do inter-stream interference cancellation between different encoded data blocks as only a single code block is transmitted at any given point in time. However, more complex non-linear receiver designs that approach maximum likelihood performance are also possible by using non-linear joint demodulation of the spatially multiplexed symbols and appropriate turbo decoder architectures that could be used for iterative demodulation and decoding.

Despite the shortcoming of not providing a simple solution for SIC-like receivers, it is felt that the availability of a SCW mode is advantageous due to the possibility of implementing rather simple linear MIMO receivers that yield acceptable performance in high-SNR deployment scenarios. Furthermore, the simplicity in integrating the CQI reporting, HS-SCCH signalling, ACK/NACK feedback into the existing HSDPA system design plus the very easy handling of HARQ (exactly the same as in Rel-5) seems appealing. Since SCW schemes do not require any additional complexity in terms of scheduling constraints or limitations relative to the Rel-5 HARQ processing it is suggested to include a SCW mode in the MIMO selection for HSDPA.
The major properties of the MCW mode with Pseudo Random Antenna Permutation are:

· Does provide possibility to do inter-stream interference cancellation due to MCW transmission. Reasonable complexity SIC receivers could be used to achieve significantly better performance than linear receivers. A MCW modes is needed if the decoding performance should get close to capacity achieving schemes. This is not possible for SCW mode of operation (only in the sense of a very complex maximum likelihood receiver). 
· The presented MCW mode is equivalent to a combination of S-PARC with time-variant virtual antenna permutation. This scheme allows for a coarsely quantized waterfilling with respect to transmit power across virtual antennas. When keeping the virtual antenna generation fixed, this corresponds to a coarsely quantized waterfilling across a set of beams.
· The presented MCW mode minimizes the required CQI feedback by averaging through time-variant antenna permutation and feed back a main CQI value and one (or more) delta-CQI value.

· The existing HS-SCCH scheme can be used for the MCW mode since it is possible to allocate more than one HS-SCCH to one UE in order to signal the parallel transmitted transport blocks. This should be possible since UEs have to monitor up to 4 HS-SCCHs anyway. 

· The available MCSs as in Rel-5 are sufficient. There is no need to expand the possible MCS levels or the available CQI tables.

· Multiple ACK/NACKs messages per TTI might be needed. However, this depends on how HARQ gets defined and might be reduced to one or two ACK/NACKs per TTI.
· Simplifications in the scheduling of MCW MIMO users (exclusive resource allocation during MCW MIMO TTIs) would be a simple way to overcome some problems of providing accurate CQI feedback and performing SIC
In case MIMO gets deployed in attractive high SNR scenarios, it would be desirable to have a MCW MIMO mode available that allows for capacity approaching receiver architectures such as SIC. For that reason it is proposed to include a MCW mode in the MIMO selection for HSDPA, which seems quite complementary with a SCW mode.
4 Conclusion

This contribution presents the description of a MIMO scheme for HSDPA with two modes of operation allowing for simple linear receiver architectures (SCW mode) and more complex successive interference cancellation architectures (MCW mode). The fundamental properties of theses two modes are similar to CR-BLAST and S-PARC, respectively. As an add-on, the use of time-variant virtual antenna mapping is suggested. Two different versions (Space-Time Scrambling and Pseudo Random Antenna Permutation) have been presented. The advantages of these techniques are a reduction of required CQI feedback (in case of PRAP) and spatial whitening of interference plus stabilizing the link SNIR (in case of Space-Time Scrambling).
This proposal is intended to be a first step towards a convergence of the different MIMO schemes discussed so far. 

It is recommended to add the text proposal in the Annex to TR 25.876.
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Annex A

Text proposal for TR 25.876
===== New sub clause in Section 5.2 ==========================================================

5.2.8 Proposal 8: Single & Multiple Code Word MIMO with Virtual Antenna mapping (SCW/MCW-VA)
The present proposal is intended to converge some of the previously presented MIMO techniques into a single proposal (CR-BLAST, S-PARC). Selection of the features of this proposal was driven by the following goals:

· The possibility to transmit with a spatial multiplexing order that can be adapted to the current channel conditions while preventing to switch transmit signals and their corresponding transmit powers between antennas. Furthermore, the reduction of the effect that switching power between transmit antennas or beams has on users suffering from such time-variant interference (“flashlight” effect).

· The possibility to transmit just a single block of encoded data over multiple transmit antennas at any given point in time, which requires no or only minimum changes to the HARQ processing, the CQI feedback and a the ACK/NACK signalling in conventional HSDPA. This design goal would make a migration very simple.

· The possibility to transmit multiple encoded blocks of data over multiple transmit antennas at the same time, which would allow to benefit from non-linear receiver architectures such as successive interference cancellation (SIC). 
As a result of these design goals, the present proposal comprises two modes of operation:

· A Single Code Word mode (SCW) using a combination of a selection of the spatial multiplexing order and a cyclic spatial weighting with a predefined set of unitary weighting matrices, denoted as Space-Time Scrambling. This mode is an extension of CR-BLAST.
· A Multiple Code Word mode (MCW) using a combination of virtual antenna selection and time-variant permutation of virtual antenna ports, denoted as Pseudo Random Antenna Permutation. This mode is an extension of S-PARC.
5.2.8.2 Basic physical layer structure of HS-DSCH for MIMO

5.2.8.2.1 Virtual Antenna Concept

Let us assume that Node-B is equipped with 
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physical antennas. The virtual antenna design presented in this proposal allows the Node-B to effectively “appear” to the MIMO user as if it has 
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 transmit antennas rather than
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. This has the effect of decreasing the negative impact of channel estimation, however, it also limits the spatial diversity order.

In the sequel we describe one possible virtual antenna mapping method, which has the property that the transmit powers at the 
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 physical transmit antennas stay constant. Let 
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being the number of receive and transmit antennas), let 
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effective (= virtual) transmit antennas for a given OVSF code. The transmitted vector after virtual antennas 
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 orthonormal matrix with the property that the magnitude square of the entries of each row sum to a constant. A class of such matrices would be 
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to be used the current point in time. If we neglect spreading, scrambling and pulse shaping for the sake of simplicity, the noise free received vector would then be
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That is, effectively, the MIMO system reduced to an 
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one as depicted in Figure 3. Note that we equally distribute the available power on the 
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in parallel transmitted modulation symbols per OVSF code. For simplicity of exposition, the power is assumed to be absorbed in the entries of 
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Figure 7 Example for virtual antenna mapping.

The virtual antenna mapping could be a static mapping or alternatively, it can also change over time. For instance, if the unitary weighting matrix 
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remains constant over time, the permutation or selection matrix 
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could be a function of a UE feedback that determines how to map the virtual antenna ports to the ports provided at the input (left side) of  the centre blue box in Figure 3. In that sense the selection matrix 
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 would be an inherent part of S-PARC, if S-PARC would select from the input ports of the centre blue box (
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) in Figure 7 . 

The virtual antenna mapping could also change over time in a deterministic pseudo random manner, for instance by changing the diagonal matrix 
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over time. This variation of the virtual antenna mapping is assumed to be known a-priori to the receiver as it would be synchronized to the TTI timing. If the variation is fast enough (e.g. a different weighting matrix every 8 symbols), this would have the advantage, that the radiation of energy would be approximately uniform across the sector if averaged over short time intervals (e.g. one TTI), thus reducing the potential impact to other users due to the “flashlight” effect that would happen in case a fixed beam or antenna would get selected. 
5.2.8.2.2 Single Code Word Mode
As depicted in Figure 8, a single stream of turbo encoded data is transmitted in the SCW mode. At any given point in time, bits of only one encoded data block are transmitted. Based on a UE feedback, the spatial multiplexing order,
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, to be used at the transmitter is determined. With 
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being the number of OVSF codes to be used for the currently scheduled user, the encoded data bits are passed into a set of 
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modulators. For each OVSF code, 
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modulators are used, each corresponding to one virtual antenna port. The 
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symbol streams for each OVSF code are then transformed into a set of  
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 symbol streams, that corresponds to the
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 physical transmit antennas. 
The preferred way of virtual antenna mapping for the SCW mode described in here is called Space-Time Scrambling and cycles through multiple permutations 
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 of on ore more unitary weighting matrice(s) 
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that are designed to have the property to keep the transmit powers at the physical antennas constant, if the total power of the input signals to the virtual antenna ports is constant. See Section 5.2.8.2.1 for an example on how to construct such unitary weighting matrices. 

The switching period for altering the spatial weighting shall be small enough to ensure an almost uniform spatial radiation behaviour over one TTI. Due to this, the impact on other users in the system that might get affected by a “flashlight” type of interference is reduced while the spatial diversity within the transmitted code block is maintained at a high level.

It is suggested to use a switching interval of 8 symbols at spreading factor 16, i.e. 33.33 μs, as this seems to be a good compromise between complexity and fast averaging.

In case of using all transmit antennas at all times without any virtual antenna mapping, the SCW mode is comparable with the well-known Code-Reuse BLAST scheme using a single stream of encoded data. In that sense the SCW mode described herein can be regarded as an extension of CR-BLAST.
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Figure 8 SCW mode with Space-Time Scrambling
5.2.8.2.3 Multiple Codeword Mode
As depicted in Figure 9, multiple streams of parallel turbo encoded data is transmitted in the MCW mode. At any given point in time, bits of multiple parallel encoded data blocks are transmitted. Based on a UE feedback, the spatial multiplexing order
[image: image123.wmf]e
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and the selection of the virtual antennas to be used at the transmitter, is determined. The spatial multiplexing order is also the number of parallel encoded data streams. The virtual antenna ports that are referred to in this description of the MCW mode are actually corresponding to the input ports of the centre blue box (
[image: image124.wmf]U

) in Figure 7. With 
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being the number of OVSF codes to be used for the currently scheduled user, the encoded data bits from each turbo encoder are passed into a set of 
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modulators, which results in a total number of 
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x 
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modulators. In Figure 9, the per-OVSF code processing is illustrated by multiple slices. For each OVSF code, 
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modulators are used, each corresponding to one selected virtual antenna port, carrying one of the spatially multiplexed and separately encoded data streams. The 
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symbol streams for each OVSF code are then transformed into a set of  
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 symbol streams, that corresponds to the
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 physical transmit antennas. 

The preferred way of virtual antenna mapping for the MCW mode described in here is time-variant. This way of performing virtual antenna mapping is called Pseudo Random Antenna Permutation (PRAP). It basically consists of cycling through multiple permutations 
[image: image133.wmf]P

 of one fixed unitary weighting matrix 
[image: image134.wmf]U

that is designed to have the property to keep the transmit powers at the physical antennas constant. See Section 5.2.8.2.1 for an example on how to construct such unitary weighting matrices. If we cycle through a set of permutations 
[image: image135.wmf]P

within one TTI in such a way that each stream of spatially multiplexed and separately encoded data was mapped at least once to each of the selected virtual antennas that shall be used according to the UE feedback on virtual antenna selection, then the effective SNIR per spatially multiplexed and separately encoded stream gets quite similar. This enables a reduction of CQI feedback as the only difference in the resulting CQI of the different streams is now originating from a possible SIC processing in the receiver. 

The switching period for altering the permutation of the selected virtual antennas shall be small enough to ensure averaging behaviour over one TTI, but as large as possible in order to keep the receiver complexity of an SIC receiver that would need to keep track of multiple MMSE filters for each permutation at an acceptable level. 

Depending on the number of selected virtual antennas, the switching between different permutation patterns should occur between 0 (for only 1 selected virtual antenna) and 24 times (for 4 selected virtual antennas) per TTI for 4 transmit antenna cases. When only two virtual antennas are selected, only 1 switching point per TTI needs to be used. It is expected that the case of 24 permutations per TTI is not really needed since in the case of 4 selected virtual antennas, it should not be necessary to go over all possible permutations in order to achieve a reasonable averaging effect.

Without PRAP, a CQI feedback would be needed per spatially multiplexed stream. With PRAP this could be reduced to one reference CQI and one or more Delta-CQI values that could be quantized with a smaller number of bits. It is actually also possible to use only one CQI plus one Delta-CQI value for feedback, even when more than 2 virtual transmit antennas are used.

The MCW mode described herein is basically an extension of the S-PARC scheme using the concept of PRAP as an add-on.
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Figure 9 MCW mode with Pseudo Random Antenna Permutation
5.2.8.3 Adaptive modulation and coding schemes

5.2.8.3.1 Modulation and channel coding 

Coding/Interleaving/Rate Matching:

This function includes CRC attachment, code block segmentation,  interleaving, turbo encoding and rate matching, taking into account selected modulation and coding scheme, the size of the HARQ combining buffer of the served UE and the number of HS-PDSCH channelisation codes.

For the SCW Mode: A principal feature of the SCW mode is that only a single stream of  encoded bits is generated which is distributed over the virtual transmit antennas at an equal data rate for each virtual transmit antenna stream. The number of virtual antennas to be used shall be signalled by the UE. A preferred way to get this information signalled to the Node B is to use the FBI bit fields in the existing R99 slot formats. All the remaining processing steps for Coding/Interleaving/Rate Matching will remain unchanged as compared to Rel-5, except that larger transport block sizes need to be defined. It is anticipated that the existing resolution of 5 bits per CQI report will be sufficient for the SCW mode. The UE would perform exactly the same procedure for CQI estimation and feedback as in previous Releases. The scheduler would decide on the resource allocation, taking into account the CQI feedback and possibly also the spatial multiplexing order feedback. After deciding upon the allocated resources, the processing chain for Coding/Interleaving/Rate Matching would be processed as in previous Releases.

For the MCW mode: A principal feature of the MCW mode is that multiple streams of separately encoded bits are generated which then are transmitted with one virtual transmit antennas each for any  given point in time. The number and the indices of virtual antennas to be used shall be signalled by the UE. It needs to be evaluated if this information can be signalled to the Node B using the FBI bit fields in the existing R99 slot formats. All the remaining processing steps for Coding/Interleaving/Rate Matching are identical to the ones used in Rel-5, except that multiple instances have to be used in parallel. In particular the maximum transport block size per encoded stream is identical to the existing one for earlier Releases It is anticipated that a 5 bit CQI would be needed per spatially multiplexed stream if no PRAP was used. With PRAP, the amount of feedback could be reduced. The anticipated number of feedback bits are 5 for the reference CQI value and 3 for a Delta-CQI value, respectively. The UE would perform a similar procedure for CQI estimation and feedback as in previous Releases. For each of the spatially multiplexed streams, the UE would determine a CQI value taking into account possible performance enhancements due to SIC architecture. The scheduler would decide on the resource allocation, taking into account the CQI feedback and the spatial multiplexing order / virtual antenna selection feedback. After deciding upon the allocated resources, the processing chain for Coding/Interleaving/Rate Matching would be processed as in previous Releases, just on a per stream basis.
Modulation:

Selection between QPSK and 16-QAM modulation, and constellation for 16-QAM. Also this processing step is not changed from previous Releases.
5.2.8.3.2 Transmission algorithms

Virtual Antenna Mapping:

For SCW mode: The virtual antenna mapping is suggested to use a pseudo random cycling through an a-priori defined set of permutations of multiple unitary weighting matrices 
[image: image137.wmf]U

as defined in Section 5.2.8.2.1. The feedback on the spatial multiplexing order is used to select the number of columns of the weighting matrices 
[image: image138.wmf]U

that shall be used for a specific TTI.

It should be noted that in SCW mode we could also use a fixed virtual antenna mapping (time-invariant unitary weighting matrix 
[image: image139.wmf]U

) in combination with a feedback on selecting the subset of virtual antennas to be used for transmission. This would have the advantage to allow for a roughly quantized waterfilling across virtual antennas. However, the drawback is the larger variance in terms of interference to other users, i.e. the flashlight effect. Therefore, it is preferred to use only the feedback of the spatial multiplexing order for the SCW mode.

For MCW mode: The virtual antenna mapping is suggested to use cycling through multiple permutations 
[image: image140.wmf]P

 of one fixed unitary weighting matrix 
[image: image141.wmf]U

that is designed to have the property to keep the transmit powers at the physical antennas constant. See Section 5.2.8.2.1 for an example on how to construct such unitary weighting matrices. This cycling should be done in such a way that each stream of spatially multiplexed and separately encoded data was mapped at least once to each of the selected virtual antennas.

Spreading:

The scheduler decides on the number L of length 16chips OVSF codes to be assigned to the UE that is scheduled. Spreading with L OVSF codes of length 16 chips is performed. Each OVSF code is reused 
[image: image142.wmf]t
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 times for spreading each of the 
[image: image143.wmf]t
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 symbol streams that are output from the virtual antenna mapping for that specific OVSF code. This is depicted as multiple code slices in Figure 8 and Figure 9. 
Power setting:

For SCW mode: Each spatially multiplexed symbol stream is transmitted with the same power. 

For MCW mode: Each separately encoded and spatially multiplexed stream is transmitted with the same power.

Overlaying physical channels, scrambling, pulse shaping:

All simultaneously transmitted physical channels of each transmit antenna stream are summed up and then scrambled with the assigned scrambling code. Finally the SCH is added and pulse shaping is applied. Note that the use of different scrambling codes for different transmit antennas is possible and FFS.
5.2.8.3.3 Physical layer aspects for MCS Selection 

5.2.8.3.3.1 SCW mode
Due to the possibility to transmit with spatial multiplexing order > 1, the transport block sizes relative to Rel-5 wil have to be increased if the principle of transmitting only one transport block per TTI should be kept. In general this should be fine. Just in case of extremely large transport block sizes, it is to be expected that due to the code block segmentation, a larger number of code blocks could be used in one TTI which in turn could affect the BLER since the likelihood of an block error will increase with the number of code blocks in one TTI. However, such effect should only become noticeable at extremely high data rates.

Besides providing the possibility to use larger transport block sizes, also the CQI reporting tables would have to be adjusted in order to reflect the increase in peak data rates. Different CQI tables would be needed for different spatial multiplexing orders.

Due to the increase of the spatial multiplexing order beyond one, the number of available encoded bits to be transmitted over the air can becomes significantly larger than in non-MIMO systems. For that reason is should be possible to use much lower code rates at similar or even higher data rates then in non-MIMO systems. This allows for increased efficiency, since the gap to capacity achieving coding is smaller for lower codes rates in HSDPA.

In order to benefit from this increase of dimensionality, the UE has to report to the Node B a CQI value that takes into account the possible spatial multiplexing and the UE performance when separating the spatially multiplexed streams. Furthermore, the UE also needs to take into account that the SNIR for different spatially multiplexed symbol streams are in general different, which will impact the turbo decoding performance. In the case of only two transmit antennas, the rather extreme distribution of SNIRs (only two values are possible for the transmitted symbols) can be smoothened by the fast Space-Time scrambling scheme described earlier. This smoothing of the SNIRs of different symbols within a TTI does not reduce the resulting variance of SNIR within the TTI, but it can help to improve the decoding performance in some high code rate cases. However, this seems to be a minor effect.

In order to provide a useful CQI feedback, the UE needs to perform a calculation of an effective SNIR at its equalizer output. Such a calculation needs to take into account the different SNIR levels seen for the different transmit symbols within one code block. Since such variations do have an impact on the decoding performance of a turbo decoder, it is rather important to do this mapping in a correct way. Various different mapping methods for deriving an effective SNIR have been discussed in 3GPP before[3][4]
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 \* MERGEFORMAT [5]. A useful mapping method is the convex metric, which is based on the assumption that the sum of capacities for the individual SNIRs would be equal to the capacity for the resulting effective SNIR. The convex metric is given by
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 is the individual SNIR per symbol within a TTI and Q is a penalty factor that can be used to model penalties due to non-Gaussian modulation, realistic code rate, packet size, channel estimation errors and channel variations.

Based on an estimated spatial multiplexing order and the knowledge of the performance of the UE receiver to separate spatially multiplexed symbol streams (i.e. the effective SNIR), the UE can derive a CQI feedback in a similar manner as in previous releases. The UE would pick an index to a CQI table such that the index points to the highest possible data rate for which the UE could guarantee that the BLER stays below a certain threshold, if the channel was static. The CQI feedback and – if applicable – the spatial multiplexing feedback will be used in the Node B scheduler to decide about the code and power allocation for the scheduled users. Since the Node B is applying a fast time variant Space-Time Scrambling, there is no need to identify a specific subset of virtual antennas. Only the number of virtual antennas to be used is important in that case.
5.2.8.3.3.2 MCW mode 

In MCW mode of operation, each of the turbo encoded data streams uses the same Coding/Interleaving/Rate Matching as a conventional single antenna HSDPA transmitter. Therefore, the set of MCS to select from for each data stream is not changed relative to Rel-5. In order to allow for an appropriate MCS selection by the scheduler, the Node B needs information on the CQI per parallel encoded data stream. As described earlier, the amount of feedback can be reduced by the use of PRAP due to the averaging effect of the per-stream effective SNIR. On the other hand, this averaging effect will impact the performance slightly since the sum over the optimal MCSs for each stream could become larger if no PRAP was applied. The performance difference is, however, expected to be small.

One important aspect of the MCW mode is the correct determination of appropriate CQI values in the UE. The UE has to take into account the details of its receiver architecture. In case of a non-linear SIC receiver, the UE needs to account for the improved SNIR in case the cancellation of some inter-stream interference based on a successfully decoded block of one stream improves the effective channel quality for the next stream(s). Therefore, the UE has to base its CQI report on some assumption on how much of the inter-stream interference can be removed by SIC. Such a prediction is only possible, if the UE could rely on a certain power allocation for its own allocated OVSF codes and that all the codes it gets allocated on one antenna are also allocated on other antennas. If these assumptions on resource allocation in terms of power and codes are not met when the UE gets scheduled, the reported CQI values might become useless. This problem of predicting a per-stream CQI for UEs that use inter-stream interference cancellation is common to all MIMO schemes that rely on simultaneous transmission of multiple code words and SIC-type of receivers.

Because the CQI feedback in MCW schemes relies to some extend on assumptions on resource allocation, it seems attractive to schedule MIMO users operating in MCW mode exclusively, i.e. refrain from using the CDM capability of HSDPA. If this restriction would be acceptable for those TTIs in which MCW mode MIMO users get scheduled, such UEs could rely on the resource allocation and provide a meaningful CQI feedback.

The CQI tables that have been in use so far could be kept identical, as they are used on a per-stream basis. There would be no need to expand them.

Another important aspect of MCS selection in MCW mode – again this is a property common to all MIMO schemes using multiple code word transmissions – is the handling of retransmissions in the HARQ processing. Let us point out a simple example to demonstrate this complexity: For instance, if in a 2x2 system a data block A on the first stream, whose interference was intended to be removed from the second stream, did not decode successful, it needs to be retransmitted. Since the second stream was most likely scheduled with a more aggressive MCS (because in the CQI derivation it was assumed that the first stream got cancelled, thus, improving the SNIR of the second stream) it is rather unlikely that the corresponding data block B in the second stream could be decoded successfully. If the first block A now gets retransmitted at a later TTI, it might get decoded successfully. At that point, it would be possible to remove the interference that code block A caused to the other data stream during its initial transmission and the retransmission, provided that the received signals are buffered for a sufficient time window. So only after that retransmission of A and successful decoding, it would be possible to try to decode again the data block B on the second stream that was transmitted in parallel to the initial transmission of the successfully decoded block. If it turns out that this block B on the second stream has not decoded successfully even though the interference from the initial transmission of A was removed, the retransmission of B is triggered quite late. That could have the effect that the channel quality at the time when the retransmission of block B could be scheduled already degraded and the MCS might have to be selected quite differently, further impacting the performance of decoding block B.

This example illustrates that in some cases, the buffering and HARQ processing can get slightly more complex if SIC is used with MCW transmission. Therefore, it might be useful to restrict HARQ processing in some way in order to allow simpler MCS selection and lower complexity in the UE. On the other hand, there seem to be more simple HARQ processing methods available (joint ACK/NACK) that can help to avoid these problems.

For MCW mode of operation, there are also other means of improving the receiver performance without having to rely strictly on SIC. This could help to mitigate this issues of scheduler constraints and HARQ processing  (e.g. soft cancellation, joint demodulation).
Finally it should be noted that the MCW mode – again this is common to all MIMO schemes with multiple transport block being transmitted simultaneously – could use the existing HS-SCCH signalling as a means to convey the information about the scheduling of more than one transport block needs to the UE. A simple way of doing that would be to use multiple HS-SCCHs as UE anyway have to be able to monitor up to four of them. Then the TFRI information and HARQ information about the parallel transmitted transport blocks could be signalled by parallel HS-SCCHs.

Also the on the uplink multiple ACK/NACK messages might be needed. This depends on how the HARQ processing is defined for the MCW mode and could be reduced at the expense of increase of retransmission rate.
5.2.8.4 Associated Signalling 

5.2.8.5 Downlink

{This section should describe the HS-DSCH-related downlink signalling which is distinct from the non-MIMO HSDPA system.}

Uplink 

{This section should describe the HS-DSCH-related uplink signalling which is distinct from the non-MIMO HSDPA system..}

5.2.8.6 UE Capability

{This section should describe the parameters (e.g. number of antennas, modulation, codes etc.) based on which the UE capability are classified. It should also describe the receiver algorithms used for each antenna configuration and transmission algorithm.}
5.2.8.7 Complexity
{This section should describe the expected complexity impact on the UE (e.g. power consumption, RF, baseband, memory etc).}

5.2.8.7.1 Analysis of User Equipment Complexity

5.2.8.7.2 Analysis of Node B impacts

5.2.8.8 Backward compatibility

5.2.8.9 Overview of changes required in the specification
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