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Introduction

This document contains a description of the S-PARC MIMO scheme aimed for inclusion into the MIMO TR 25.876 v1.3.0. Based on the discussion at TSG RAN WG1 #36, the description of the adaptive antenna, modulation, coding scheme (AMCS) decision controller is updated and extended compared to the one presented in [1]. A detailed descriptions on the measurements performed at the UE, the uplink feedback format and the MCS selection performed at the base station is included.
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5.2
FDD High Speed Channels

5.2.x     Proposal x: Selective Per Antenna Rate Control (S-PARC)

It is well known that MIMO techniques that rely on spatial multiplexing such as CR-BLAST are able to exploit a large portion of the capacity of the MIMO channel. CR-BLAST works well when the number of receive antennas is equal or greater than the number of transmit antennas. However, performance is severely degraded when there are fewer receive than transmit antennas. Another promising technique that has been developed recently is per-antenna-rate-control (PARC) which can operate with fewer receive than transmit antennas.

Recent results have shown that PARC, coupled with successive interference cancellation/decoding at the receiver, achieves the full open-loop capacity of the flat fading MIMO channel. However, at low SNRs and/or when the number of receive antennas is less than the number of transmit antennas, there is a significant gap between the open-loop (OL) capacity and the closed-loop (CL) capacity. The performance gap indicates that, depending on the antenna configuration and operating regime, there is significant room for improvement over conventional PARC.  One way of overcoming this performance gap is by the S-PARC scheme.

5.2.x.1
Basic physical layer structure of HS-DSCH for MIMO

The essence of the approach presented here is to adaptively select the number of antennas from which to transmit, i.e., mode, as well as select the best subset of antennas for the selected mode.

5.2.x.2
Adaptive modulation and coding schemes

5.2.x.2.1
Modulation and channel coding 

5.2.x.2.2               Transmission algorithms

5.2.x.2.3
Physical layer aspects for MCS Selection 

For the scheme presented in Section 5.2.1, the link adaptation process is configured such that the UE makes a decision about how many data sub-streams to transmit (i.e., the “mode”) and which antennas to use for the selected mode. Furthermore, the UE decides which coding rate to use on each active antenna. Implicitly, these decisions must take into account the available power and code resources at the base station. However, without explicit signaling of this resource availability, the UE is not equipped to make such decisions.

In this section, we describe a method whereby the most of the decision process is transferred to the base station and the UE formats its feedback accordingly to enable the decision at the base to take place. This is preferable since the base station is aware not only of the power and code resource availability, but also the amount of data in queue for each user. The resulting method is line with the philosophy of today’s HSDPA where the CQI feedback from the UE is treated as a suggestion only. The base station ultimately handles the scheduling and MCS selection.

A brute-force approach would require the UE to feed back several CQI metrics for each possible mode and antenna selection, as well as the antenna selections themselves, resulting in excessive feedback load. In the proposed approach, this is avoided by restricting the antenna selections to obey a special property, thus drastically reducing the required feedback. With M transmit antennas, the feedback load is reduced to only M or fewer CQI metrics and one antenna processing order – a reasonable increase compared to conventional single antenna HSDPA. The CQI metrics are determined at the UE assuming some predetermined reference value for code and power allocations. The base station may then modify the CQI feedback metrics to account for the actual resource availability as well as the amount of data in queue for each user. It then makes a decision about what mode to transmit and what coding rate to use on each active antenna.

5.2.x.2.3.1 
Measurements Performed at UE

As described in section 5.2.1, the brute-force approach is for the UE to consider all possible antenna selections and determine that selection with the maximum supportable sum data rate. In contrast, the approach presented here considers only those antenna selections that obey a “subset property” in order to reduce the amount of feedback to the base station. It has been found that the impact on performance by making this restriction is minimal.

Consider the example of M = 4 transmit antennas. Use the term “mode” to refer to the number of transmitted data streams, which is equivalent to the number of active antennas. To search the possible antenna selections using the subset property, we first consider the transmission of only one data sub-stream (mode-1) from a single antenna in a similar fashion as Table 1 in section 5.2.1.2.1. There are 4 possible antennas, and the UE must make a measurement of SINR on each one using the corresponding pilot signal. This measurement assumes a reference (nominal) value for the power allocation which must be later adjusted for the actual power allocation at the base station. The SINRs are then mapped to transmission rates using an MCS look-up table that assumes a nominal code allocation. Again, this allocation will be adjusted for the actual allocation at the base station. After measuring all 4 SINRs, the UE determines which antenna supports the largest data rate, e.g., antenna-3.

For mode-2, the UE needs to determine the best subset of 2 antennas; however, by use of the subset property, only those selections that contain the antenna selection for the prior mode are considered, i.e., {1,3}, {2,3}, and {4,3}. See Table 1 where these selections are listed, as well as the ones that are excluded from the search (lower half of the table). The actual selections for this example are shown in bold. Within each selection, the UE needs to measure the SINR corresponding to each antenna. For example, for selection {1,3}, it needs to first measure the SINR for antenna 1 taking into account the spatial interference from antenna 3. The UE must then measure the SINR for antenna 3; however, since successive interference cancellation (SIC) is inherently used for S-PARC, the measurement must neglect the spatial interference from antenna 1 to model the effect of SIC.

	MODE

	1
	2
	3
	4

	1

2

3
4
	1,3

2,3
4,3
	1,2,3

4,2,3
	1,4,2,3

	
	1,2

1,4

2,4
	1,2,4

1,3,4
	


Table 1: Possible antenna selections for all modes for the case of M = 4 transmit antennas

The two SINRs are then mapped to a rate using the same MCS table as before, and the UE computes the sum rate over the two antennas. This process is repeated for the other two antenna selections ({2,3} and {4,3}) and the UE determines which antenna selection supports the largest sum rate, e.g., selection {2,3}.

The ordering of the antennas within each selection is an important consideration. Notice that in the three searched selections for mode-2, the ordering is such that the signal from antenna-3 is decoded last, i.e., antenna-3 corresponds to the final stage of successive interference cancellation. The reason for this is that after the spatial interference from the other antenna is removed in the second stage of SIC, the interference scenario is virtually identical to that for the prior mode (mode-1), which also uses antenna-3 due to the subset property. Consequently, the second stage SINR for mode-2 is identical, within a scale factor, to the SINR for mode-1. This would not be true in general without imposing the subset property.

The scale factor accounts for the equal division of power across transmit antennas. For mode-1, all of the HS-DSCH power is allocated to antenna 3, whereas in mode-2, only half of the power is allocated to antenna-3. Consequently, the second stage SINR for mode-2 is approximately one half that for mode-1. Since the scale factor is pre-determined, the only new piece of information in mode-2 is the first stage SINR corresponding to antenna-2 in this example. The second stage SINR may be derived from the SINR for mode-1 through scaling by the factor 1/2. Consequently, it is only necessary to feed back the first stage SINRs for modes-1 and 2 to the base station.

 For modes-3 and 4, the UE performs a similar selection process always ensuring that the antenna selection for each mode contains the selection for the prior mode as a subset. For example, say that the best selections for modes-3 and 4 end up being {4,2,3} and {1,4,2,3}, respectively (see Table 1). Again the ordering is important. For example, the ordering for mode-3 is such that antennas 2 and 3 are decoded last. This means that the SINRs for the final two stages of SIC are identical, within scale factors, to the first stage SINRs for modes-2 and 1, respectively. In this case the scale factors are approximately 2/3 and 1/3, respectively. 

Clearly, only the first stage SINR for each mode is important, and thus need be fed back to the base station. With this information, along with an “antenna processing order” described below, it is possible for the base station to derive the per-stage SINRs for all modes through simple scaling. In general, the scale factors for mode-m can be simply {(m-1)/m, (m-2)/m, …, 1/m} which are applied to the first stage SINRs for modes-{m-1, m-2, …, 1}, respectively. The scale factor for the first stage SINR of mode-m is simply unity, i.e., no scaling is necessary.

The antenna processing order, which also needs to be fed back to the base station, is simply the ordered antenna selection for the highest order mode. In the above example, mode-4 is the highest order mode, and the processing order is 1-4-2-3. This ordering serves the dual purpose of specifying the antenna selections for all modes as well as the encoding/decoding order to be followed by the base station and UE. The antenna selection for mode-m is simply the last m integers in the processing order. For example, mode-3 would use antennas 4, 2, and 3, and the agreed-upon encoding/decoding order would be 4-2-3.

By following the above selection process, the UE is responsible for determining the best antenna selection for each mode. However, no decision is made at the UE about which mode to use. This decision is left to the base station. This decision process is discussed in more detail in section 5.2.x.2.3.3.

5.2.x.2.3.2 
Uplink Feedback Format 

The purpose of employing the subset property for antenna selections is to minimize the amount of feedback while enabling the base station to make a decision on which mode to use. Without the subset property, it would be necessary to feedback several CQI metrics for each mode. Specifically, mode-m requires m CQI metrics, and with M = 4 antennas, modes-1, 2, 3, and 4 are all possible, and thus the UE would need to feedback 1 + 2 + 3 + 4 = 10 metrics plus 4 antenna selection indicators, one for each mode.

The CQI metrics could be quantized versions of the SINRs for each stage of SIC assuming a nominal code and power allocation. Alternatively, they could be indices into a reference MCS table, or they could be a quantized transmission rate that uniquely determines the modulation and coding scheme.

For today’s HSDPA, the CQI metric is simply an index into an MCS table, and the number of feedback bits for the single CQI metric is 5, which covers all 30 entries in the table. If this same number were used for S-PARC, then the total number of feedback bits without using the subset property would be
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in general. The first term in the summation is the number of bits required for m CQI metrics. The second term is the number of bits required to feedback the antenna selection for mode-m. For example, for mode-2 there are 6 possible selections of 2 antennas out of 4, thus requiring 3 bits. For the example of M = 4 antennas, the total feedback load without using the subset property would be Nb = 57 bits. This is compared to only 5 in today’s HSDPA – clearly a very large increase.

In contrast, with the subset property, it is only necessary to feed back M CQI metrics and one antenna processing order. If 5 bits are used for each CQI metric, then in general the feedback load reduces to
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The second term is the number of bits required to feedback the antenna processing order which is simply a permutation of M integers. For the example of M = 4 antennas, the total feedback load using the subset property is reduced to Nb = 25 bits – a very significant reduction compared to the brute-force approach.

This feedback load should be compared to the amount required by the approach that is described in section 5.2.1. For that approach, the UE makes a decision on both the mode and the antenna selection, so it needs only feedback m CQI metrics when mode-m is selected plus an antenna selection (permutation of m integers). Consequently, the feedback load varies as the mode changes. However, the maximum load (selection of mode-M) is identical to that in (2).

Clearly, the advantage of our proposed feedback approach based on the subset property is that the base station can make the decision on mode as well as properly adjust for the instantaneous power and code resources. It can also take into account the available data in queue for each user.

5.2.x.2.3.3 
MCS Selection Performed at Base Station 


The MCS selection process at the base station proceeds as follows:

· Obtain the first-stage SINRs from the feedback signal either directly or indirectly. For example, if the CQI feedback is in terms of an index into an MCS table, then the reverse mapping of SINR to MCS index must be employed to obtain the SINRs in an indirect fashion.

· Derive the per-stage SINRs for each mode using the first stage SINRs along with the antenna processing order. The derivation for mode-m is simply to apply the scale factors {(m-1)/m, (m-2)/m, …, 1/m} to the first stage SINRs for modes-{m-1, m-2, …, 1}, respectively. The scale factor for the first stage SINR of mode-m is simply unity, i.e., no scaling is necessary.

· Adjust the derived SINRs according to the actual power and code allocations used at the base station. This adjustment is necessary since the UE used the agreed-upon nominal values during measurement. With linear receivers, the SINR typically scales linearly with the power and code allocations. Often the scaling slope is unity, or close to it, thus the scaling is a simple matter as long as the nominal values used for measurement are known. 

· Map the SINRs for each antenna to a transmission rate using the appropriate MCS table based on the actual code allocation.

· Compute the sum rate across antennas and choose the mode that maximizes the sum rate. If not enough data is available in queue, then the base station may reduce the mode, code allocation, coding rate, or power accordingly to conserve system resources.

5.2.x.3
Associated Signalling 

5.2.x.3.1
Downlink

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

5.2.x.3.2
Uplink 

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

5.2.x.4
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.x.5
Complexity
{This section should describe the expected complexity impact on the UE (e.g. power consumption, RF, baseband, memory etc).}

5.2.x.5.1
Analysis of User Equipment Complexity
5.2.x.5.2
Analysis of Node B impacts

5.2.x.6
Backward compatibility

5.2.x.7
Overview of changes required in the specification
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