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Introduction
In this contribution, a scheme for defining CQI values of type A CQI reports in support of FDD MIMO is discussed which is based on previous input provided in [1]

 REF _Ref156151932 \w \h 
[2]. The proposed scheme allows for a granularity of 15 different quality levels per stream, independent mapping of quality levels per stream and flexible reporting of single or dual stream CQI values.
1 Description of the CQI value mapping scheme
In a previous contribution it was demonstrated that an overall quantization of 8 bits for two CQI values in the dual stream case would be sufficient [3] without degrading system level performance noticeably. Furthermore, it was already agreed in the endorsed CR [4] to use 8 bits for reporting the CQI part of the joint PCI/CQI report of type A. Now we need to define how these eight bits are exactly used to signal the actual supported transport formats for each stream.

During the definition of MIMO for FDD in Rel-7 it was agreed to make the assumption of symmetric OVSF code allocation across the two streams for the purpose of CQI reporting in case two streams are preferred by the UE. In fact when evaluating the CQI for a MIMO receiver, this assumption on symmetric OVSF code allocation means that the UE can assume that the overall power available for HS-PDSCH transmission is uniformly divided across the same number of codes for both streams. So with  knowledge on the available power for HS-PDSCH transmission (given by higher layer signalling) and the assumption of uniform power distribution across the same codes for both streams, the UE can assess what would be the resulting symbol SINR at the MIMO receiver output and thus predict the supported data rates for each stream.
The proposal described in [2] actually was based on this assumption of always having a symmetric code allocation across streams. The proposal actually suggests to use 4 different possible numbers of OVSF codes for CQI evaluation (4, 9, 12 and 15) which then should be the same for each stream. Although this scheme has the advantage that the UE and Node would now always have a common understanding of only one certain number of OVSF codes that are used for CQI evaluation, it also comes with a drawback: Both CQI values for both streams have to be in a rather narrow range and larger asymmetries of data rates for two streams are not possible. The reported CQI are based on the assumption that both streams assume either 10 codes, 12 codes or 15 codes.

Since the SINR values per stream should not become any worse for an increasing number of available OVSF codes when assuming symmetric code allocation, it should be safe to always assume the maximum possible number of codes for the purpose of CQI evaluation (e.g. 15). Once the SINRs are determined for each stream, it could happen that the corresponding data rates for one of the streams could fall below the lower limit that would be possible to generate with a minimum code rate of 1/3 that is used in HSDPA. For that reason, it would make sense to allow indication of those CQI values with transport formats that use a smaller number than the maximum possible number of OVSF codes, but sticking with the assumption that the maximum possible number of OVSF codes was in use with uniform power split.
To give an example: If a maximum number of 15 codes would be available for HS-PDSCH transmission and the UE evaluates SINR values based on the assumption that 15 codes are used with uniform power split for both streams, it could turn out that the resulting SINR for one stream would result in a data rate that can be transported with 15 codes (code rate >  1/3) while the SINR for the other stream would result in a data rate that can only be transported with at most 12 codes (otherwise the code rate would fall below 1/3). In such a case, the two reported CQI values for the two streams could be signalled such that the first one implies 15 codes and the second one implies 12 codes although the UE always assumed the presence of all 15 codes on both streams with uniform power split. This way of deriving a pair of CQI levels is summarized by the graph in Figure 1. The assumption on symmetric code and power allocation across streams would always hold, while the resulting CQI report would imply a lower number of codes for the secondary TB.
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Figure 1. Code allocation assumption example.

Following the described principle, one can define a CQI indexing table (one CQI index per stream, 2 CQI indices would form one CQI value) that is based on a certain assumed maximum number of OVSF codes available for HS-PDSCH. Such a table would basically contain as many rows as CQI levels (per stream) have to be distinguished and a column for the supported transport block size and modulation scheme. If the transport block size for one specific entry gets below the threshold that could be supported by the assumed maximum number of available codes, then those table entries imply a smaller number of codes for that case. In Table 1 we show an example that was based on the assumption of a maximum number of available OVSF codes for HS-PDSCH equal to 15. This table was derived with an approximate spacing of about 1.5 dB in effective SINR between neighbouring levels. 
If such a way of mapping SINRs (that are derived under the assumption that the maximum number of available OVSF codes are fully used for the reporting UE with a uniform power distribution across codes and streams) into CQI indices for the preferred primary and preferred secondary TB separately, the restriction that the indicated data rates of the two streams cannot span a wide range is dropped. With a granularity of 15 levels, one could allow for 15 x 15 = 225 possible CQI index combinations for two streams, leaving enough room for indicating a single stream CQI value with 30 levels (as in Rel-6). If the CQI indices would be termed CQI1 and CQI2 for the two stream preference and CQIS for the single stream preference, then the CQI value used to form the joint PCI/CQI report for the type A reports would be defined according to:
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Table 1. Example for CQI index table for a maximum number of 15 available OVSF codes 
and a granularity of 15 levels .

	CQI Index 1 or 2
	TB size
	Modulation
	comment

	0
	1262
	QPSK
	implies 4 codes

	1
	2212
	QPSK
	implies 7 codes

	2
	3172
	QPSK
	implies 10 codes

	3
	4834
	QPSK
	

	4
	6101
	QPSK
	

	5
	7564
	QPSK
	

	6
	9210
	QPSK
	

	7
	10629
	16QAM
	

	8
	12488
	16QAM
	

	9
	14936
	16QAM
	

	10
	17548
	16QAM
	

	11
	20251
	16QAM
	

	12
	22147
	16QAM
	

	13
	24222
	16QAM
	

	14
	26352
	16QAM
	


With the indicated information about two CQI indices in case two streams are preferred by the UE, the Node B would get all that is needed to make a meaningful scheduling decision. In case the assumed maximum number of OVSF codes is actually not available for scheduling, it can scale down the payload sizes as long as the power per OVSF code is kept at the level that was assumed in CQI reporting.
Since the CQI reporting in MIMO will be quite dependent on the actual available power for HS-PDSCH and the number of codes available, reliability of CQI reporting would improve if information on available number of codes and power was signalled and updated to MIMO capable UEs on a regular basis. Therefore, the introduction of a signalling mechanism to transport this information to all MIMO capable UEs (or even 64-QAM capable UEs) is an effective means to improve CQI reporting reliability [5]. 

If the Node B would be able to send this information to UEs, then the table above would need to be expanded for a set of different numbers for “maximum number of available OVSF codes”. That means for each maximum available number of  OVSF codes, two more columns would be added to the table (one for the TB size and one for modulation scheme).
2 Conclusions

In this contribution we described a possible definition of CQI reporting values using 15 CQI possible indices for up to two streams for type A PCI/CQI reports. The advantage of this scheme is to allow for a maximum granularity while keeping it simple and within the agreed constraint of using only 8 bits for CQI values. Furthermore, the scheme does not impose any severe restrictions in reporting asymmetric supported data rates by CQI. It is recommended to adopt this scheme for inclusion into Rel-7 FDD MIMO.
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