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1
Introduction
In previous RAN WG1 meetings, in the context of co-existence of MIMO and legacy non-MIMO UEs, analysis was provided [2, 3] which studied the impact of S-CPICH power on legacy non-MIMO UEs. Based on this analysis, the option to apply an S-CPICH power different from the P-CPICH power setting was introduced. Additionally, based on the analysis shown in [1], the S-CPICH power offset was signaled to the UE for purposes of channel estimation.

However, there may still be some ambiguities in the current specification with regards to the CQI reporting procedures of UE’s that are configured in MIMO mode. There are potentially different interpretations that occur which leading to different implementations. These ambiguities and the different interpretations are highlighted in this contribution and a way forward to clarify the specification is also presented.
2
Background

Due to the co-existence of MIMO and non-MIMO UEs in the same cell, the impact of S-CPICH that is transmitted on a second transmit antenna from a NodeB to UEs not configured in MIMO mode was studied in [2, 3]. The overall loss in performance was shown to quite high, especially for a Type 2 receiver.

Therefore, a different power offset may be applied to the S-CPICH to reduce this impact. It was shown in [2, 3] that this does indeed reduce the negative impact of S-CPICH to the non-MIMO devices. However, the UE’s configured in MIMO mode would then need to be aware of the different power offset for accurate channel estimation. 

It was argued in [1] that a significant loss in UE throughput would be incurred, if the UE were to assume a symmetric allocation of P-CPICH/S-CPICH power, in the presence of asymmetric power allocation of P-CPICH/S-CPICH. As a result, it was specified in Rel-7 that the power offset 
[image: image1.wmf]b

(say) would be signaled to the UE by higher layers whenever an unequal transmit power allocation was applied to the primary and secondary CPICHs at the NodeB.

However, there are some ambiguities that result from this unequal power allocation in the CQI reporting procedure for UE that are configured in MIMO mode. In the following sections, an attempt is made to highlight the differences in interpretations due to the lack of clarity in the current specification.
3
NodeB Power Allocation
It is specified in 25.214, Section 6A.2.2 that the measurement power offset power offset that is signalled to the UE is computed as follows. 

“The measurement power offset 
[image: image2.wmf]G

that is signalled by higher layers should be adjusted by the Node B such that it reflects the power that would be available for HS-PDSCH transmission relative to the combined transmit power of the set of CPICH(s) that shall be used for HS-PDSCH demodulation in case the Node B would have 15 OVSF codes available for HS-PDSCH transmission such that it results in the same power per OVSF code as the current power and code resources actually available for HS-PDSCH transmission at the Node B would allow.”
Let the power available for HS-PDSCH transmission be 
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Then, the measurement power offset based on the above definition in 25.214 is computed as 
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If the primary and secondary CPICHs were allocated equal powers, then the measurement power offset becomes 
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However, if there is an offset between the power levels of the primary and secondary CPICHs, then the measurement power offset is 
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where 
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 is the power offset between the P-CPICH and the S-CPICH and is signaled to the UE. Note that the ratio of the two power offsets in the linear domain is
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4
CQI reporting when the UE is configured with MIMO 

The relevant portions in 25.214 pertaining to CQI reporting when the UE is configured with MIMO are also found in Section 6A.2.2 and are as follows:

“For the purpose of CQI reporting, the UE shall assume a total received HS-PDSCH power of 
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 in dB, 
where the total received power is assumed to be to be evenly distributed among 15 HS-PDSCH codes, and the measurement power offset 
[image: image12.wmf]G

 is signaled by higher layers.

When deriving the CQI value, the UE assumes that the Node B would be using a uniform power allocation across 15 OVSF codes. In case the UE reports a CQI for two transport blocks, it is assumed by the UE that the Node B uses an equal power per OVSF code for both of the two transport blocks.
If single-stream restriction is configured, or if single-stream restriction is not configured and a single transport block is preferred,
[image: image13.wmf]CPICH
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 denotes the power of the combined received set of CPICH(s) that shall be used for HS-PDSCH demodulation when the UE is configured in MIMO mode, determined as if the preferred primary precoding vector had been applied to that set of CPICH(s).

If two transport blocks are preferred when single-stream restriction is not configured,
[image: image14.wmf]CPICH
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 denotes the sum of the powers received from the set of CPICH(s) that shall be used for HS-PDSCH demodulation when the UE is configured in MIMO mode.”

4.1
Signal Model

In order to highlight the potential ambiguities in interpretation, we consider a single path fading scenario and ignore the code multiplex structure of the WCDMA system for purposes of simplicity, i.e. different channelization codes could have different precoding (beam forming) weights. 
Considering a non-frequency selective, precoded, dual receive and dual transmit antenna system, the signal model can be formulated as
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where
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is the single path channel from transmit antenna
[image: image17.wmf]j

to the receive antenna 
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.
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 is the precoding matrix and takes on different values depending on whether a single or dual stream transport block is preferred. For single stream transmission, the possible precoding matrices are as follows
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. 
For dual stream transmission, the possible precoding matrices are
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is proportional to the amount of HS-PDSCH power assumed by the UE for the purposes of CQI reporting and it depends on the signaled measurement power offset 
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is the transmit signal and contains only one entry for single stream and two entries for the dual stream. Without loss of generality, we assume 
[image: image25.wmf]x

r

contains i.i.d. zero mean and unit energy entries.
4.2
CQI Reporting with Symmetric Power Allocations between P-CPICH and S-CPICH
For purposes of CQI reporting, the UE estimates the sum rate obtainable using each of the precoding matrices and selects the PCI that would provide the maximum sum rate. For this purpose, the UE computes the SNR corresponding to each possible precoding matrix and translates the estimated SNR obtained to a supportable rate on each stream.

For each possible precoding matrix
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, UE computes a composite channel.

[image: image27.wmf]k

k

B

H

G

×

=

)


where 
[image: image28.wmf]H
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is the channel matrix estimated based on the received P-CPICH and S-CPICH. 

An MMSE equalizer is then designed based on the estimated composite channel matrix which is given by
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After equalization, the transmit signal estimate is given by
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 where 
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is the actual channel received at the UE
The SNR is then computed as follows. For single stream transmissions, 
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 is a scalar and the SNR for precoding matrix 
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is given by
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For computing dual stream PCI, 

 is a 2X2 matrix, i.e., 
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. If we assume that the UE is not capable of doing inter-stream interference cancelation, then, the SNR for the 
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stream is given by
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The CQI is then calculated based on the maximum aggregated supportable rate which is in turn based on the SNR’s computed above.

When the transmit power levels of the primary and secondary CPICH’s are the same and are absorbed into the channel matrix 
[image: image41.wmf]H

, then the assumed data power is directly based on the signaled measurement power offset as
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4.3
CQI Reporting with Asymmetric Power Allocations to P-CPICH and S-CPICH
If there is an offset
[image: image43.wmf]b

 between the power levels of the primary and secondary CPICHs where 
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 as explained in Section 2 above, then there are different possible interpretations for the estimation of SNR and the assumption of the received HS-PDSCH power at the UE. The different interpretations and the corresponding UE behaviour/assumptions are presented below.
4.3.1
Interpretation 1

In this case, the UE does not account for the offset 
[image: image46.wmf]b

in its channel estimation. Note that since the allocation of power is asymmetric between the P-CPICH and S-CPICH, the observed and consequently estimated pilot channel matrix at the UE is
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If the offset is not accounted for, then the equalizer coefficients which are based on the composite channel 
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 would be computed based on the estimated channel. 

However, this would be mismatched with the actual data channel
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 since the received power levels on both the data streams are balanced regardless of whether there are equal or unequal power allocations on the P-CPICH and the S-CPICH. 
Due to the difference in power allocations on the P-CPICH and S-CPICH, the Node would signal 
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 as the measurement power offset as seen in Section 3. The UE would then assume that the received HS-DSCH power level would be proportional to 
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and compute the data pilot ratio as 
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If we consider single and dual stream transmissions, the mismatch between the total assumed and the actual received HS-PDSCH power at the UE can be seen.

4.3.1.1
Single Stream Transmission
The assumed received HS-PDSCH power at the UE for a particular precoding matrix 
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at the primary receive antenna is 
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whereas the actual received HS-PDSCH power at the UE for the same precoding matrix, 
[image: image55.wmf],

1

=

k

at the primary receive antenna is 
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4.3.1.2
Dual Stream Transmission
The assumed received HS-PDSCH power at the UE for a particular precoding matrix 
[image: image57.wmf],
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at the primary receive antenna for both streams is 
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whereas the actual received HS-PDSCH power at the UE for the same precoding matrix, 
[image: image59.wmf],
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at the primary receive antenna is 
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Due to this mismatch in assumed and actual received HS-PDSCH powers, the UE mistakenly considers the channel from the secondary antenna to be weaker than it actually is. Consequently, the UE will report a smaller requested rate than an actual supported rate resulting in significant performance degradation in terms of throughout loss. This effect is detailed in [1] and is the main reason for the power offset
[image: image61.wmf]b

 being signaled to the UE.
4.3.2
Interpretation 2

In this case, the UE utilizes the signalled power offset 
[image: image62.wmf]b

 in the channel estimation. The purpose is to equalize the effect of unequal power allocations on the P-CPICH and S-CPICHs. The channel estimate taking into account the power offset, can be written as 
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The MMSE equalizer coefficients are based on the composite channel 
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 which is matched to the actual channel seen at the UE as in Section 4.2.

Due to the difference in power allocations on the P-CPICH and S-CPICH, the Node would signal 
[image: image65.wmf]G
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 as the measurement power offset as seen in Section 3. The assumed HS-DSCH power level at the UE would be proportional to 
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and the data pilot ratio would be computed as 
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However, since the offset in the P-CPICH and S-CPICH powers is accounted for in the estimated channel matrix, the assumed data power is larger than was originally intended by the NodeB/RNC. This is seen by considering single and dual stream transmissions to the UE as follows.

4.3.2.1
Single Stream Transmission
The total assumed received HS-PDSCH power at the UE for single stream transmission using Interpretation 2, for a particular precoding matrix 
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at the primary receive antenna is 
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, or in other words the assumed received HS-PDSCH power at the UE in this case is given by
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whereas the actual received HS-PDSCH power at the UE for the same precoding matrix, 
[image: image71.wmf],
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at the primary receive antenna is 
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 accounting for the equalization of the offset between the primary and secondary CPICHs. In other words, the actual received HS-PDSCH power at the UE in this case is given by
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4.3.2.2
Dual Stream Transmission
The total assumed received HS-PDSCH power at the UE for dual stream transmission using Interpretation 2, for a particular precoding matrix 
[image: image74.wmf],
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at the primary receive antenna is 
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whereas the actual received HS-PDSCH power at the UE for the same precoding matrix, 
[image: image76.wmf],
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at the primary receive antenna is 
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As a result, there is a mismatch in the assumed received HS-PDSCH power whenever
[image: image78.wmf]1
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for both single and dual stream transmissions.

Therefore, NodeB may have to compensate for this mismatch by applying a backoff to the reported CQI. This may result in erroneous CQI information at the NodeB and may impact scheduling and affect UE performance. Alternatively, the mismatch is accounted for when the measurement power offset 
[image: image79.wmf]G

¢

is signaled by applying a scale factor prior to signaling, i.e, 
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However, this mismatch may also be handled at the UE in a more effective manner as indicated in Interpretation 3.

4.3.3
Interpretation 3
As in Interpretation 2, the UE still applies the signalled power offset 
[image: image81.wmf]b

 to the estimated channel matrix in order to obtain channel estimates of the true channel. Therefore, the offset in the allocated power levels of the primary and secondary CPICHs is effectively equalized and the MMSE equalizer coefficients are based on the composite channel 
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 which is matched to the actual channel seen at the UE as in Section 4.2.

Due to the difference in power allocations on the P-CPICH and S-CPICH, the Node would signal 
[image: image83.wmf]G
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 as the measurement power offset as seen in Section 3. However, in this case, the UE accounts for the equalization by applying a scale factor to 
[image: image84.wmf]G
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so as to obtain the data pilot ratio and the assumed received power level as
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In this case, there is consistency between the signaled measurement power offset by higher layers and the assumed data pilot ratio at the UE. This is seen by considering single and dual stream transmissions to the UE as follows.
4.3.3.1
Single Stream Transmission
The total assumed received HS-PDSCH power at the UE for a single stream transmission using Interpretation 3, for a particular precoding matrix 
[image: image86.wmf],
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at the primary receive antenna is 
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, or in other words the assumed received HS-PDSCH power at the UE in this case is given by
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where 
[image: image89.wmf]G
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is computed according to Section 3. This also corresponds to the actual received HS-PDSCH power at the UE for the same precoding matrix, 
[image: image90.wmf],

1

=

k

at the primary receive antenna.

4.3.3.1
Dual Stream Transmission
The total assumed received HS-PDSCH power at the UE for a dual stream transmission using Interpretation 3, for a particular precoding matrix 
[image: image91.wmf],
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at the primary receive antenna is 
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where 
[image: image93.wmf]G

¢

is computed according to Section 3. This also corresponds to the actual received HS-PDSCH power for dual stream transmission at the UE for the same precoding matrix, 
[image: image94.wmf],
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=
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at the primary receive antenna.
Therefore, with the addition of the scale factor, the mismatch between the signaled and actual received data power levels would be removed and the intended data power assumption indicated would be preserved.
5
Way Forward
In the previous section, a potential ambiguity in the specification was highlighted when unequal powers are allocated between the primary and secondary CPICH transmissions. Based on the analysis presented in [1] and [2], and the fact that the power offset 
[image: image95.wmf]b

 is signaled, we consider that Interpretation 1 is not accurate. 
It is also seen from Interpretations 2 and 3, that there needs to be a scaling factor applied to the measurement power offset to avoid a mismatch between the signaled and the actual data power levels. This scaling factor may be applied either at the NodeB/RNC or at the UE (Interpretation 3). It is our view that the application of the scaling factor should be performed at the UE and could be left to implementation. Based on this, it is enough to specify the HS-PDSCH power level to be in terms of the transmit power level and remove text related to defining the measurement power offset 
[image: image96.wmf]G

 in terms of the received powers. In this case, the UE would apply the scaling factor in terms of the the S-CPICH power offset 
[image: image97.wmf]b

 to compensate for the unequal power allocations and then there is no mismatch since it is explicitly specified that the measurement power offset 
[image: image98.wmf]G

is based on the transmit HS-PDSCH power. This change was proposed in [4 - 6] and resubmitted again in this meeting in [7-9] .
6
Conclusions

In this contribution, an ambiguity in the specification was highlighted when the transmit power allocations for the primary and secondary CPICHs are unequal. A detailed analysis was provided which suggested that the current specification allowed for three possible interpretations leading to potentially incorrect implementations.
Based on the analysis provided and the interpretations considered, as a way forward, it is proposed to agree to the CRs in [7-9].
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