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1. Introduction

Following on from the agreed working assumptions in [1], a telephone conference was held on 27th September to discuss some of the remaining open issues. Some papers considering the different options for CQI reporting for Rel-7 MIMO were presented at the telephone conference [2, 3]. This document now presents a proposal for the content and structure of the CQI reporting.

2. CQI reporting options

Following the discussion in [2] and [3], it can be identified that:

i. When the downlink transmission to a UE is single-stream, it is useful to have a CQI value indicating the supportable rate for the “preferred primary beam”
 under the assumption that no secondary beam is transmitted. 

ii. When the downlink transmission to a UE is dual-stream, it is useful to have two CQI reports, indicating the supportable rates on the preferred primary beam and preferred secondary beam respectively. 

Two extreme options for the reporting could be:

a. Report only the CQI value(s) corresponding to the UE’s preferred number of streams: i.e. when single stream is preferred, the UE reports just one CQI value as in (i) above, or 

b. Always report all 3 CQI values (one corresponding to single-stream transmission and two corresponding to dual-stream transmission) regardless of the UE’s current preference for single-stream or dual-stream transmission. 

Option (a) minimises the reporting load but restricts the Node B scheduler operation (as it would not know what rate could be supported for a single-stream if the UE had preferred dual-stream, and vice versa). Option (b) results in a higher reporting load, but gives the Node B enough information to select the number of streams to be allocated to each UE. 

3. Proposal

In the light of the above considerations, we propose the following CQI reporting when the UE is configured in MIMO mode, with the aim of giving enough information to the Node B scheduler but without excessive uplink signalling load:

· Two CQI reporting rates are configured by RRC signalling. 

· The two configured reporting rates are also be sent to the Node B, so that the Node B knows exactly when to expect CQI reports.

· One of the two configured reporting rates would be used for reporting a single-stream CQI value; the other of the two configured reporting rates would be used for reporting dual CQI values (corresponding to dual-stream). 

In principle, this allows the CQI value(s) corresponding to the more-often-preferred number of streams to be transmitted more often, and the CQI value(s) corresponding to the less-often-preferred number of streams to be transmitted less often. 

The exact range of values for the CQI reporting rates needs to be finalised, but should allow for the higher of the two rates to be as often as every sub-frame, while the lower rate should be able to between “never” and half the higher rate. 

It seems that the number of bits that would be required to transmit both single and dual CQI reports in the same subframe (i.e. a total of 3 CQI values) is too high to be accommodated within one subframe on the HS-DPCCH, even with differential coding. Therefore we assume here that single-CQI reports and dual-CQI reports are transmitted in different subframes. 

Based on this assumption, some examples of single-CQI and dual-CQI report transmission are illustrated in Figures 1 to 3.
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Figure 1: First example of UE CQI reporting if it is 

not

 possible to report single CQI and dual CQI in the same subframe:

 

2ms reporting period for dual CQI and 6ms reporting period for single CQI 

 

dual CQI 

 

single CQI

 

dual CQI 

 

dual 

CQI 

 

single CQI 

 

dual CQI

 

dual CQI 

 

single CQI

 

dual CQI 

 

time

 

Figure 3: Third example of UE CQI reporting if it is 

not

 possible to report single CQI and dual CQI in the same subframe:
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Figure 2: Second example of UE CQI reporting if it is 

not

 possible to report single CQI and dual CQI in the same subframe:

 

2ms reporting period for dual CQI and 8ms reporting period for

 single CQI 

 

single CQI 

 

single CQI

 

dual CQI 

 

dual CQI 

 

dual CQI 

 

single CQI

 

dual CQI 

 

dual CQI 

 

single CQI

 

single CQI

 

single CQI

 


We have identified some options for how the two CQI reporting rates that are configured by RRC signalling are defined in the specifications:

1. The two CQI reporting rates are defined to be one for single-CQI and the other for dual-CQI. (regardless of the UE’s current preference). 
This means that the network has full control of how often each type of CQI is reported, and the Node B knows exactly which rate will be used for reporting each type of CQI and therefore when to expect each type of CQI report. This further means that the HS-DPCCH bit-rate can be lower for single-CQI reports without requiring the Node B to blind-detect between two different formats, and therefore some reduction in HS-DPCCH overhead can be achieved when the UE is reporting single-stream CQI. This option also means that the network has full control of how often each type of CQI report is sent, but this has the drawback that the reporting rate for each type of CQI cannot be changed quickly if the UE’s preferred number of streams changes. 

Or:

2. The higher of the two CQI reporting rates is defined to be for the UE’s preferred number of streams and the lower rate for the UE’s non-preferred number of streams.
For example, if the UE preferred two streams, it would report dual-CQI at the higher rate and single-CQI at the lower rate, and vice versa if the UE preferred single-stream. This has the advantage of enabling the relative reporting rates of the two types of CQI to be matched to the UE’s current preference. If a coding scheme is used such as is described in [4], where 256 CQI values are available, of which 32 are for single-CQI and 224 are for dual-CQI, there is no need for the Node B to blind-detect two different formats. However, there is the drawback that the bitrate (and hence transmit power requirement) of the HS-DPCCH is not reduced when the UE is reporting only single-CQI. Another possibility would be to use two different coding formats (for single-CQI and dual-CQI respectively) which would reduce the HS-DPCCH bitrate when the UE was reporting single-CQI, and indicate the preferred number of streams with the antenna-weight feedback, to avoid the Node B having to blind-detect the different formats. 

Further discussion is required to decide which of these options would be chosen for defining the meaning of the two RRC-configured CQI reporting rates. 

Note that the number of CQI levels that need to be signalled also needs to be determined. One proposal is given in [4]; this is outside the scope of this paper.

4. Conclusions

When the UE is configured in MIMO mode, it is proposed to signal CQI reports corresponding to single-stream transmission (a single value indicating the supportable rate for the “preferred primary beam”) and CQI reports corresponding to dual stream transmission (two values indicating the supportable rates on the preferred primary beam and preferred secondary beam respectively).

Two CQI reporting rates are configured by RRC signalling. 

The two configured reporting rates are also sent to the Node B, so that the Node B knows exactly when to expect CQI reports.

One of the two configured reporting rates would be used for reporting a single-stream CQI value; the other of the two configured reporting rates would be used for reporting dual CQI values (corresponding to dual-stream). 

It is FFS whether the mapping between each of the two reporting rates and single- or dual-CQI transmission is determined by the network or by the UE. 

The higher of the two CQI update rates can be configured to be as often as every sub-frame, while the lower rate can be configured to be between “never” and about half the higher rate.
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5. Annex – possible RRC parameter ranges for CQI reporting periods

If it is possible to accommodate the single-CQI and dual-CQI reports in the same subframe (i.e. a total of 3 CQI values), an example of the reporting periods that can be signalled could be as follows:

· The reporting period for the higher rate could be selected from 

{2, 4, 8, 16, 32, 64, 128} ms. 

· The reporting period for the lower rate could then be selected from the values in the range (higher rate period x 2) … 128, or “off” (i.e. never).

Alternatively, if it is decided always to ensure that single-CQI and dual-CQI reports are transmitted in different sub-frames, an example could be as follows:

· The reporting period for the higher rate could still be selected from {2, 4, 8, 16, 32, 64, 128} ms. 

· If the higher rate period = 2ms, the reporting period for the lower rate could be selected from {6, 8, 16, 32, 64, 128} ms or “off”, and the higher-rate CQI would not be transmitted in subframes that contained the lower-rate CQI.

· If the higher rate period > 2ms, the reporting period for the lower rate could be selected from (higher rate period x 2) … 128, or “off”, with an offset of 2ms from the higher-rate CQI reports.

The exact details of these parameter ranges needs to be finalised. 

� using the terminology in [1]


� In the Annex, we give some possible examples of the RRC parameter ranges for the CQI reporting periods. 
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Figure 1: First example of UE CQI reporting if it is not possible to report single CQI and dual CQI in the same subframe:



2ms reporting period for dual CQI and 6ms reporting period for single CQI 







dual CQI 







single CQI







dual CQI 







dual CQI 







single CQI 







dual CQI







dual CQI 







single CQI







dual CQI 







time







Figure 3: Third example of UE CQI reporting if it is not possible to report single CQI and dual CQI in the same subframe:
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Figure 2: Second example of UE CQI reporting if it is not possible to report single CQI and dual CQI in the same subframe:
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