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1 Introduction
In TSG RAN #32 it has been agreed that 3GPP will move forward with the standardization of MIMO for HSDPA, see [1], Section 9.4. The MIMO scheme to be used for FDD is a dual codeword MIMO scheme based on D-TxAA [2]. Besides other aspects of D-TxAA, it has not yet been discussed or decided how the uplink control information in support of D-TxAA would be structured and transmitted.

In this contribution we present a few possible design choices for transmitting control information in the uplink in support of D-TxAA.
2 Uplink control information that needs to be sent in support of D-TxAA
In order to support the operation MIMO according to the D-TxAA scheme the following  control information would need to be signaled from the UE to the Node B in the uplink:

· Indication of what would be the preferred precoding parameters. This information should be termed precoding control information (PCI) in what follows. 

The UE would have to pick one out of the available matrices in the precoding codebook (for dual stream transmission) or one column vector out of all available column vectors in the precoding codebook (for single stream transmission) and inform the Node B about this preference. The preferred precoding parameters are inherently coupled to the CQI that the UE is going to report (see bullet below) and therefore needs to be indicated in a way that can be associated to a certain CQI reporting interval.

· Channel Quality Indicator. The UE needs to feed back up to two CQI values: One in case a single stream transmission is preferred, two in case a dual stream transmission is preferred.

Together with the PCI, the Node B needs to have a clear view on what would be the possible data rate that could be transmitted to a MIMO capable UE if the Node B would decide to schedule it with a given consumption of resources (power, OVSF codes, reuse of OVSF codes). The actual values on the CQI reports will only hold under the assumption that the preferred precoding parameters as indicated in the PCI would be used when the UE gets scheduled. Therefore, PCI and CQI are inherently coupled.

· Acknowledgement or Negative-Acknowledgement of packet transmissions (ACK/NACK): A MIMO capable UE needs to be able to sent up to two ACK/NACK reports in the uplink per scheduled TTI

Since a MIMO capable UE can be scheduled with up to two data packets in parallel it needs to have a mechanism to report ACK/NACK for these data packets in the uplink such that the Node B scheduler would know if a packet needs to be scheduled for re-transmission or not.
In the following sections we are going to address each of these areas.

3 Precoding Feedback
In this section we are collection possible choices on how to signal the preferred precoding parameters in the uplink.

3.1 Using a combination of FBI bits and HS-DPCCH
The FBI in UMTS were originally defined to carry information on the selection of CLTD beamforming weights on the uplink as part of the DPCCH (I/Q-multiplexed with DPDCH as part of the DCH). FBI bits are in general part of the UL slot format definition in TS 25.211 [3]. 

With the use of FBI bits in conjunction with D-TxAA in order to indicate the selection of a precoding matrix for MIMO transmission, the reporting of FBI bits needs to be tied to the reporting of CQI values in the uplink since the data rates that could be supported for a certain channel condition can only be achieved if the precoding matrix that the UE determined together with the CQI values would actually be used in the HS-PDSCH transmission. Therefore it would make sense to change the use of the FBI bits in the uplink according to the following steps:

1. Determine a preferred precoding matrix in the UE that would maximize the supported data rate for the current channel conditions, including the decision on single versus dual stream transmission.

2. Determine the CQI value(s) – i.e. one or two values depending on the decision on single versus dual stream transmission – for the preferred precoding matrix

3. Use FBI bits together with the CQI report(s) in order to feedback the supported data rate together with the indication on the preferred precoding matrix and other precoding parameters (# of streams, column index).

Since the reporting of FBI bits for the purpose of selecting a precoding matrix that should be used for HS-PDSCH transmission would need to happen eventually every HS-DPCCH TTI (3 slots), it would make sense to link the FBI bits that are actually transmitted during an HS-DPCCH TTI in which also a CQI value is reported with exactly that CQI value. Of course that would mean that the interpretation of FBI bits for the purpose of beamforming the DPCH (CLTD mode 1) would need to change. This relationship should be further explained using the timing diagrams in Figure 1. It is also important to note that the actually used precoding matrix needs to be signaled on the downlink (preferably on the HS-SCCH), which could only be done once per TTI. Therefore, a finer time resolution of reporting the precoding matrix selection would not really make sense since the downlink signalling could not keep up with it.

The details of CQI reporting will be addressed in a separate sub-section further below. For now it should suffice to note that the indication on whether one or two streams are preferred by the UE and how the CQI reports are mapped to the different column vectors of the precoding matrix is preferably done together with the CQI reporting on the HS-DPCCH.

As depicted in the upper part of Figure 1, the HS-DPCCH will be transmitted asynchronous to the DPCCH/DPDCH. Therefore, we cannot assume a slot alignment between HS-DPCCH and DPCCH/DPDCH. Nevertheless, there will always be exactly three FBI bits transmitted during an HS-DPCCH TTI, since the channels have to align to a 256 chip raster. The idea is that the three FBI bits that are transmitted within the duration of an HS-DPCCH TTI should be used as a precoding matrix selection word to select the preferred precoding matrix.


[image: image1]
Figure 1: Grouping of FBI bits that are tied to a CQI report.

In the particular case of using only two possible precoding matrices, the three available FBI bits could be used to carry one information bit, i.e. a (3,1) block code, i.e repetition in this case. That way the reliability of decoding the precoding selection could be improved compared to single FBI bit transmission. The interpretation of these three FBI bits for precoding matrix selection could be as defined in Table 1 if the precoding codebook would be based on the CLTD mode 1 weights.

Table 1: Possible definition of FBI bit interpretation

	FBI bits transmitted during HS-PDCCH TTI
	Preferred precoding matrix
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Of course such a new interpretation of the FBI bits will require a new definition of how the beamforming weights should be determined from the reported FBI bits for the associated DPCH if the associated DPCH was configured to be used in CLTD mode 1. But without the correspondence between FBI bits and CQI reports for (up to) two data streams transmitted in D-TxAA, it will be impossible to define a meaningful CQI report for a MIMO capable UE without risking a mismatch between preferred precoding matrix and actual used one. Therefore, the associated DPCH should either use STTD transmission or the beamforming weights should be derived from the three-bit group of FBI bits that are linked to the CQI reports. One simple way to do that would be to use the column out of the preferred precoding matrix, which corresponds to the largest CQI value. As a consequence, the beam for an associated DPCH could only change every three slots. It is also worth to note that for F-DPCH there is no definition of CLTD. Since F-DPCH is more likely to be used in Rel-7 (or later) networks with possibly more packet only services, there is anyway no need to have the associated DPCH in CLTD mode in that case.

3.2 Using FBI bits only
As pointed out in the previous sub-section, a total of three PCI bits would be sufficient to signal the preferred precoding parameters in case there would only be two possible precoding matrices. Since there will always be exactly three FBI bits in each HS-DPCCH TTI, these three bits could also be used directly to carry the PCI bits. In that case, the sequence of three PCI bits as defined e.g. in Table 3 could be directly mapped onto the sequence of FBI bits that are transmitted in the same TTI as the CQI report(s) that were derived based upon the assumption that the precoding would be done according to the preferred precoding parameters as expressed by the PCI bits.

This way of carrying the PCI bits would actually not have any protection on the PCI bits in the sense of channel coding. Therefore, the PCI bits would be subject to significant error rates unless they would be transmitted at rather high power levels. Furthermore, the new interpretation of FBI bits would have the consequence that the extraction of weight vectors for beamforming the associated DPCH in the downlink would have to be changed. We therefore do not consider this approach to be a viable one.

3.3 Using HS-DPCCH only

As explained in the previous sub-section, the selection of a precoding matrix should always be coupled to a corresponding CQI report. Therefore, the precoding matrix selection does not need to occur more often than the CQI reporting. If reported more frequently, the precoding might adapt better to the current channel conditions in the sense of potentially maximizing the received energy throughout a TTI in fading, but the UE would not know a priori what to assume for producing a CQI report and the precoding that maximizes the received energy does not need to correlate with the precoding that maximizes the possible payload. This might even be a problem since the reported CQI might than become quite mismatched to the actually used precoding matrix.

As a natural consequence, one should consider transmitting the preferred precoding matrix selection together with the corresponding CQI report on the HS-DPCCH. Furthermore, it also needs to be indicated on a TTI-by-TTI bases whether a dual stream transmission is desired or not and which column vector would be preferred in case of single stream transmission. So the information on preferred precoding matrix selection, single versus dual stream preference and column vector preference in single stream cases could be signaled jointly. 

Table 2: Combinations of precoding matrix, rank, and column vector indication

	Combination #
	Preferred # of transmit streams
	Preferred precoding matrix
	Preferred column vector index for single stream
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The possible combinations based on the two precoding matrices using the CLTD mode 1 weights are summarized in Table 2. Since there is only six possible combinations, a total of three bits would be sufficient in order to signal the preferred combination in the uplink. On the other hand, if three bits were to be used to indicate the preferred combination in the uplink, there would be two more possibilities that could be signaled. These two additional combinations could be used for some other purpose: Let’s assume there would be some UE capability indication during call setup that would tell the UTRAN about the specific UE MIMO receiver architecture. There could be a flag in the UE capabilities that indicated that the UE can do inter-stream SIC assuming that a symmetric code allocation would be used when two streams are scheduled. This would be very important for the Node B scheduler to know as it would help him to do a good decision on what resources are actually scheduled for the UE. In case of a inter-stream SIC capable UE, the Node B would actually have to allocate the same code resources to the same UE on both streams, if it was scheduled with dual streams. Only if the Node B knew which of the streams would get decoded first and potentially cancelled from the received signal before decoding the second one, it could also choose to mix two users in an SDMA manner by only using the CQI and preferred precoding information indicated for the stream that gets decoded first.

Exactly that additional information could also be put into these three bits of uplink signaling that one would need to indicate the preferred precoding parameters. The way this could be mapped onto three control bit – let’s call them precoding control info (PCI) – is described in Table 3. In Table 3 the term “primary” stream refers to the stream that is getting decoded first in a inter-stream SIC capable UE

Table 3: Definition of PCI bits for transmission on HS-DPCCH

	PCI bits
	Precoding
matrix
	# of streams
	column index for single stream
	Index of “primary” stream (only for SIC capable UEs)

	PCI2
	PCI1
	PCI0
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Note: PCI bit combinations 011 and 111 would only be used by SIC capable UEs

Since the PCI bits indicate a preference for the precoding parameters that are coupled with a set of one or two CQI reports, the three PCI bits could be jointly encoded with the CQI bits that need to be reported in the same TTI (or maybe in a group of two consecutive TTIs if CQI should be reported per stream in a TDM fasion). Assuming for now that a set of up to two CQI reports for up to two data streams shall be reported within each TTI  (CQI reporting is at 100% duty cycle without any repetition), the three PCI bits could be jointly channel encoded in the same TTI as the corresponding CQI report(s). 

Since the CQI reporting in Rel-6 is channel encoded with an effective code rate of 1 / 4 – a (20,5)-block code is used so far – it might be worth to think about using QPSK modulation on the HS-DPCCH instead of BPSK, or in other words I/Q-multiplexing on HS-DPCCH. That would allow for more bits in one HS-DPCCH TTI such that lower code rates for channel coding could be used. On the other hand, the power on HS-DPCCH will need to be adjusted to an adequate level for the number of information bits transmitted. At the end we might as well stay with BPSK and not risk any further increase of peak-to-average ratios and tighter PA requirements. There is a trade-off between coding gain and PA-backoff loss. 

For a brief analysis of what should be the better choice, it is assumed in the following that PCI and CQI reporting would require 10 bits per TTI (3 PCI bits and 7 CQI bits). This would correspond to two times the number of bits per CQI report in the non-MIMO case. More details on the possible PCI and CQI bit mapping are shown in the following section. This brief analysis applies therefore not only to the PCI feedback but also to the CQI feedback, since a joint encoding is assumed herein. In the next section the CQI quantization is discussed in more detail. 

A very simple comparison of repetition coding versus ideal capacity achieving codes with (20,10)-blocks (i.e. using BPSK, no I/Q multiplexing) and (40,10)-blocks (i.e. using QPSK, with I/Q multiplexing) would look as follows:

· The increase of energy per HS-DPCCH chip when going from (20,5) repetition coding to (20,10) repetition coding to keep the same decoding performance should be +3 dB. Therefore, the overall power increase on the HS-DPCCH would then be +3 dB.

· The change of energy per HS-DPCCH chip when going from (20,5) repetition coding to (40,10) repetition coding to keep the same decoding performance should be 0 dB. The overall power increase on the HS-DPCCH due to I/Q-multiplexing (QPSK symbols) in that case would still be +3 dB.

· Compare an ideal capacity achieving (20,5)-code operating at a normalized spectrum efficiency of ¼ and an ideal capacity achieving (20,10)-code operating at a normalized spectrum efficiency of ½ : The (20,5) code would then require a certain SNR 
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Therefore, the increase of energy per HS-DPCCH chip when going from (20,5) capacity achieving codes to (20,10) capacity achieving codes while keeping the same decoding performance should be about +3.4 dB. The overall increase of power on the HS-DPCCH in that case would be about +3.4 dB.
· Going from an ideal capacity achieving (20,5)-code operating at a normalized spectrum efficiency of ¼ to an ideal capacity achieving (40,10)-code operating at the same normalized spectrum efficiency of ¼ should not change the required energy per HS-DPCCH chip. The overall increase of power on the HS-DPCCH power due to I/Q-multiplexing (QPSK symbols) in that case would still be +3 dB.
· In all cases some additional power headroom compared to the transmission of a (20,5) block code using BPSK on the HS-PDCCH is needed due to the changed peak-to-average ratio of the uplink signal and due to the change of total transmit power. Looking at 6 different cases for possible configurations of uplink signals and analyzing them with models of a state-of-the-art WCDMA amplifier, it turned out that this additional headroom would be between anywhere between 0.1 dB and 2.7 dB depending on power allocation between DPCCH, DPDCH, HS-DPCCH, E-DPDCH and E-DPCCH, see Appendix A for more details.

The resulting power changes and maximum required headroom compared to using (20,5)-block codes with BPSK in the SIMO case are summarized in Table 4 assuming a non-linear AM/AM and AM/PM characteristic of a state-of-the-art PA for WCDMA. The following notation is used in Table 4:

Coding:
R for repetition coding
I for idealistic block codes (capacity achieving)

Modulation:
B for BPSK on HS-DPCCH (i.e. no I/Q multiplexing)
Q for QPSK on HS-DPCCH (i.e. with I/Q multiplexing)
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 is the assumed gain factor for the HS-DPCCH in the reference case (SIMO) using (20,5) block codes for CQI transmission.

BOSIMO is the power back-off relative to a 12.2 kbps R99 reference channel that would be needed to keep the same ACLR when transmitting the HS-DPCCH for SIMO.
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 is the required change in amplitude of the I and possibly Q components of the HS-DPCCH in order to transmit the larger number of information bits either using (20,10) or (40,10) block codes for CQI transmission.

ΔP is the change of total output power taking into account the increase of power on the HS-PDCCH without taking into account the non-linear characteristic of the PA. This would be the change in output power if the PA had a perfect linear characteristic.

BOMIMO is the power back-off relative to a 12.2 kbps R99 reference channel that would be needed to keep the same ACLR when transmitting the HS-DPCCH for MIMO. The data for BOMIMO was extracted from uplink transmit chain simulation data.
ΔBO is the relative power backoff between SIMO and MIMO transmission of the HS-PDCCH

The maximum headroom is defined as the worst case headroom that one would need to keep while transmitting in the SIMO case, such that the (20,10)-block /BPSK or (40,10)-block/QPSK MIMO cases could then still be supported by the same PA without violating the ACLR requirements.
Table 4: Power requirements of QPSK versus BPSK modulation on HS-DPCCH.

	Case ID
&
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	Coding
	Mod
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in dB
	Gain/Loss
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	Case VI
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The range of maximum required headroom when using BPSK on the HS-DPCCH is between 0.1 dB and 1.9 dB, whereas the range of the maximum required headroom in the case of QPSK on the HS-PDCCH is between 0.5 dB and 2.8 dB. Of course these assumptions are not always realistic. However, they do reflect a significant portion of the possible uplink configurations and do contain some important corner cases. 

It turns out that in some cases the use of QPSK modulation on HS-DPCCH would result in a small reduction of needed PA headroom compared to BPSK. This would hold in particular when no or very little power is allocated to DPDCH while no E-DPCCH/E-DPDCH is present, see Cases I and II in Table 4. Both cases are very similar in that there is no EDCH and only very little power on DPDCH. The only difference is that there is a different amount of power on the HS-DPCCH. In other words: If only HS-DSCH is used but no E-DCH and at the same time almost no data is transmitted on the DPDCH, the use of QPSK modulation on HS-DPCCH would actually gain something over just using BPSK. This is mainly because the BPSK signal on HS-DPCCH and the BPSK signal from DPCCH are both mapped on the Q-component of the total transmit signal. With only little or no power allocated to the DPDCH, there is quite a big I/Q-imbalance leading to large PAR in that case. The use of QPSK on HS-DPCCH would actually relax the PAR in that case. However, the gains are rather limited. For instance even if idealistic capacity achieving codes were used, the gains would be about 0.7 dB. 

On the other hand all other cases (Cases III through VI) would actually lead to some degradation regarding maximum required PA headroom if QPSK was used on HS-PDCCH instead of BPSK. These cases are characterized by either much higher power on DPDCH (Case III and Case IV) or high power on E-DPCCH/E-DPDCH (Case V and Case VI). In summary one could conclude that in those cases the I/Q-balance is not too severe to start with and therefore adding an QPSK signal rather than an BPSK signal would not really help. The additional usage of another code however will degrade the PAR and drive the PA into regions that would normally require more backoff. 

The overall gains/losses when using QPSK instead of BPSK on HS-PDCCH are actually not very large. In fact the largest difference was observed in Case III (between 1.2 dB and 1.4 dB loss depending on the code performance) which is actually a case where a lot of power is put on HS-DPCCH (4 times the power of DPCCH) and  DPDCH (about 6 times the power of DPCCH). It is not clear if such a high power allocation on HS-DPCCH  and DPDCH would actually occur simultaneously. 

The maximum required headroom range for repetition coding and BPSK modulation only would result in values between 0.1 dB and 1.7 dB. As it is more likely that the coding performance on HS-DPCCH gets closer to that of a repetition code, it is expected that this range would be realistic. 
Overall, we can not find a very good reason to introduce QPSK on HS-DPCCH. Therefore, our proposal is to jointly encode the PCI and CQI bits onto the HS-PDCCH.
4 CQI reporting

In contrast to the conventional single stream HSDPA operation, a MIMO capable HSDPA UE would need to report up to two separate CQI values that indicate the data rates it could support (meeting the criteria described in the CQI definition in TS 25.214) on the up to two separate transmit beams. So far 5 information bits were used for CQI reporting channel encoded into 20 bits using a (20,5) block code. Therefore, the granularity of CQI reporting currently used in HSDPA (up to Rel-6) is theoretically up to 32 different levels (some of which are not used depending on UE capability). For MIMO operation with up to two transmit streams, an open question is whether one would really need such a fine granularity for both streams. We therefore investigated the impact of reducing the granularity of the CQI reporting for those TTIs when two streams are actually preferred on the actual sector throughput. The granularity of single stream CQI reporting was not changed. Depending on the errors in CQI estimation (channel estimation, traffic/pilot ratio estimation, mismatch between power allocations at the time of CQI reporting versus time of actual scheduling, etc.) and the time variance of the channel itself, the performance degradation in preliminary system level simulations when reducing the number of CQI levels from 32 to 16 in those CQI reporting intervals when 2 streams are preferred were anywhere between 0 % and 2 % of the overall sector throughput. The simulation assumptions were in line with the assumptions used in [4].

In what follows, we assume that a granularity of 16 different CQI levels is actually sufficient for the two-stream cases without penalizing sector or user-throughput noticeably. Therefore, the task for MIMO CQI reporting would be to accommodate a total of two CQI reports with 4 bit granularity each in the uplink signaling. 

In order to keep the CQI reporting as much as possible in line with the actual channel quality of a time variant channel it would actually make sense to keep the reporting delay for a full set of CQIs as small as possible. With the current HSDPA specifications, the minimum delay between the middle of the measuring period for a CQI and the earliest time it could actually impact the scheduling is about 6 ms. Therefore, the existing CQI reporting is already quite problematic when it comes to medium to high Doppler frequencies of about 80 Hz or more which corresponds to a mobile speed of about 43 km/h or more. Due to further delays in scheduling (filtering, scheduling algorithm) it can even happen that CQI reporting becomes unreliable at lower speeds. If in the case of MIMO the CQI reporting delay would be increased by one more TTI due to the use of TDM in the CQI reporting scheme, it would further degrade the reliability of the CQI reports in time variant channels. Therefore, the preference when it comes to CQI reporting would be to accommodate up to two CQI values in each HS-DPCCH TTI. Furthermore, we assume that two times the number of bits used so far on the HS-DPCCH – i.e. 10 bits – should be sufficient for a joint PCI and CQI reporting.

A simple way to accommodate the simultaneous reporting of the up to two CQI values for up to two streams and at the same time map these up to two CQI reports to the columns of a preferred precoding matrix which has to be signaled to the Node B as well (PCI, see previous sub-section) would consist of packing both PCI and CQI reports into one TTI on the HS-DPCCH. As explained in sub-section 3.2, assuming a precoding codebook size of two, a total of three PCI bits would be sufficient to indicate preferred precoding matrix, preference for single/dual stream, column vector index in case of single stream and column index of the primary stream in case of SIC capable UEs. On the other hand, the eight different combinations for PCI bits would not all result in the same number of needed CQI bits (single versus dual stream reporting). Therefore, it would make sense to combine the PCI reporting with the CQI reporting.

This combined PCI and CQI reporting could be done as indicated in Table 5
Table 5: Mapping of a joint PCI / CQI report to 10 bits

	index
	PM
	CI
	CQI Values
	Used For

	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	0
	32 possible CQI values
precoding matrix #1, 
single stream, column #1

	2
	0
	0
	0
	0
	0
	0
	0
	0
	0
	1
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	32
	0
	0
	0
	0
	0
	1
	1
	1
	1
	1
	

	33
	0
	0
	0
	0
	1
	0
	0
	0
	0
	0
	224 possible CQI combin.
precoding matrix #1, 
dual stream, primary #1

	34
	0
	0
	0
	0
	1
	0
	0
	0
	0
	1
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	256
	0
	0
	1
	1
	1
	1
	1
	1
	1
	1
	

	257
	0
	1
	0
	0
	0
	0
	0
	0
	0
	0
	32 possible CQI values
precoding matrix #1, 
single stream, column #2

	258
	0
	1
	0
	0
	0
	0
	0
	0
	0
	1
	

	
[image: image60.wmf]M


	

	288
	0
	1
	0
	0
	0
	1
	1
	1
	1
	1
	

	289
	0
	1
	0
	0
	1
	0
	0
	0
	0
	0
	224 possible CQI combin.
precoding matrix #1, 
dual stream, primary #2

	290
	0
	1
	0
	0
	1
	0
	0
	0
	0
	1
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	512
	0
	1
	1
	1
	1
	1
	1
	1
	1
	1
	

	513
	1
	0
	0
	0
	0
	0
	0
	0
	0
	0
	32 possible CQI values
precoding matrix #2, 
single stream, column #1

	514
	1
	0
	0
	0
	0
	0
	0
	0
	0
	1
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	544
	1
	0
	0
	0
	0
	1
	1
	1
	1
	1
	

	545
	1
	0
	0
	0
	1
	0
	0
	0
	0
	0
	224 possible CQI combin.
precoding matrix #2, 
dual stream, primary #1

	546
	1
	0
	0
	0
	1
	0
	0
	0
	0
	1
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	768
	1
	0
	1
	1
	1
	1
	1
	1
	1
	1
	

	769
	1
	1
	0
	0
	0
	0
	0
	0
	0
	0
	32 possible CQI values
precoding matrix #2, 
single stream, column #2

	770
	1
	1
	0
	0
	0
	0
	0
	0
	0
	1
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	800
	1
	1
	0
	0
	0
	1
	1
	1
	1
	1
	

	801
	1
	1
	0
	0
	1
	0
	0
	0
	0
	0
	224 possible CQI combin.
precoding matrix #2, 
dual stream, primary #2

	802
	1
	1
	0
	0
	1
	0
	0
	0
	0
	1
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	1024
	1
	1
	1
	1
	1
	1
	1
	1
	1
	1
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	PCI1 in Table 3
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Although 16 different CQI levels per stream should be possible, Table 5 only foresees 224 possible CQI value combinations for dual stream transmission. This would mean that a total of 32 combinations for CQI values of stream #1 and stream #2 would not be possible to be reported. Since the channel quality of the two streams in case that two streams are preferred are normally not totally uncorrelated, it would make sense to eliminate some combinations with extreme asymmetry, e.g. the lowest CQI level for one stream while the other stream would have the highest possible value. Such a restriction is described by Figure 3-6. If the UE would run into a situation where one of the eliminated combinations would normally be reported, it would actually use one of the allowed combinations with a bit of reduction of the CQI level of one of the streams. This is indicated with two examples (red arrows) in Figure 2. By using the restriction of only having 224 possible CQI reporting combinations in case of dual stream transmission, a joint mapping of PCI and CQI information into 10 bits would be possible.


[image: image67]
Figure 2: Elimination of extreme CQI combinations (gray elements).
In sub-section 3.2 it has already been shown that using a (20,10) block code on HS-DPCCH instead of a (20,5) block code would not require much additional power headroom. Given that MIMO would most likely only be operated in scenarios that are not coverage limited, it is not expected that this increase of data payload per HS-DPCCH TTI would cause any significant limitation. Therefore, it is proposed to use the described scheme of joint PCI and CQI mapping together with a (20,10) block code (to be consistent with Rel-6, a modified Reed-Muller code could be used) on the HS-DPCCH with BPSK modulation to accommodate precoding feedback and channel quality feedback for MIMO operation. The right hand side (green thread) of Figure 3 is indicating the coding and multiplexing structure for this scheme of joint PCI and CQI reporting. The left hand side (yellow thread) will be further discussed in the next sub-section.
Another alternative for the joint PCI and CQI reporting would be to use a (20,12)-block code and not sacrifice any CQI reporting granularity at the cost of putting more power on the HS-DPCCH. In the worst case (Case I in Table 4, repetition coding) this would correspond to about 0.5 dB extra PA headroom compared to the (20,10)-block code. If 12 bits would be spent for joint CQI and PCI reporting, the scheme in Table 5 could be easily expanded to accommodate 32 CQI levels for single stream transmission and 992 CQI combinations for dual stream transmission.

There is a trade-off between uplink power resource spent on the HS-PDCCH and the granularity used for CQI reporting. If the full CQI reporting granularity has to be kept even for dual stream transmission, some more power needs to be invested on the HS-DPCCH. If power resource in the uplink is of concern, the UTRAN could also configure the UE to repeat CQI reports at the cost of slower link adaptation speed. This functionality is already part of Rel-6.
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Figure 3: Coding and multiplexing structure for joint  PCI and  CQI reporting on the HS-DPCCH.

Our proposal for PCI and CQI reporting is as follows:

· Jointly report PCI and CQI in one feedback word.
· Use 10 information bits as indicated in Table 5
· Channel encode with a (20,10)-block code (modified RM code).
· Keep using BPSK modulation on the HS-PDCCH

5 ACK/NACK reporting
In MIMO up to two two separate ACK/NACKs would need to be sent in the uplink for TTIs that were scheduled with dual streams to one UE. One could think of combining the ACK/NACK of the two streams such that only an ACK would be sent when both packets were received successfully. Although in case of SIC receiver this would probably not degrade throughput a lot compared to separate ACK/NACK reporting per stream, in case of linear receivers the loss due to joint ACK/NACK would be significant. Therefore, it would make more sense to use separate ACK/NACK reporting. It is suggested to use (10,1) repetition in case of answering to a single stream TTI and two separate (5,1) repetition code words in case of dual stream TTI. When a UE gets scheduled, it knows whether it has to answer with a single ACK/NACK or with two of them. Since a dual stream TTI would only be scheduled when the UE is at rather good SNIR, additional power needed for that seems not to be an issue. When a UE is closer to the edge of coverage, it would most likely be scheduled with a single stream, leaving the ACK/NACK format unchanged.
6 Conclusions
Taking into account the various findings explained in this document, we come to the conclusion that the HS-DPCCH should carry:

1. A joint PCI/CQI report with up to two CQI values mapped into a 10-bit word as defined in Table 5.

2. Up to two ACK/NACK values using a total of 10 bits on the physical channel

The resulting coding and multiplexing structure for the  HS-DPCCH is depicted in Figure 4. The mechanisms for scaling the powers of the ACK/NACK or PCI/CQI as well as the possibility to use repetitions of ACK/NACK or CQI/PCI signalling or reducing the duty cycle of PCI/CQI reporting should not be changed.
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Figure 4: Coding and multiplexing structure for joint  PCI / CQI reporting and ACK/NACK signaling on the HS-DPCCH using BPSK modulation.
.
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