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Introduction

This contribution is a further refinement of the MIMO CQI Report structure that was proposed in [1]. The intension of the proposal in [1] was to select a good compromise between dynamic range of the CQI reports and granularity. In particular the lower end of the dynamic range was suggested to be expressed by CQI reports that imply the usage of lesser than 15 OVSF codes while assuming constant transmit power per OVSF code and full code-reuse interference for all possible OVSF codes. However, due to the assumption of a constant transmit power per OVSF code, the actual symbol SINR for CQI values at the bottom end of the suggested CQI table would vary only insignificantly because the actual FEC code rate and the modulation scheme didn’t really change. To overcome this problem, we suggest as a modification to the proposal in [1] to keep the number of assumed OVSF codes always constant at 15, regardless whether the indicated block sizes at the lower end of the CQI table can actually be transmitted with 15 OVSF codes.
1. Dynamic range issue
In [1], the lowest 3 entries of the suggested CQI table imply that only 10, 7, and 4 OVSF codes would be used for transmission of the respectve transport blocks while the UE makes the assumption that the available power as indicated by the Gamma parameter (measurement power offset) would be equally spread over 15 codes.

Since the FEC code rates for these 3 CQI indices are almost identical and the modulation scheme is always QPSK, the effective symbol SINR needed to ensure a 10% BLER value would be almost identical for all three CQI indices as the power per OVSF code was assumed to constant irrespective of the implied number of OVFS codes. That means that the original intent to extend the lower part of the SINR range that can be indicated by dual stream CQIs is in fact not extended but rather compressed. The corresponding AWGN curves for the lowest 3 CQI entries in the suggested CQI table of [1] are in fact only spanning a range of  0.1 – 0.2 dB at 10% BLER. Therefore, the implicit assumption of only using 10, 7, or 4 OVSF codes in the 3 lowest CQI table entries should be dropped.
2. Possible CQI reporting ranges
Option A)

Since it seems still valuable to be able to indicate also CQI values that correspond to low SINR values even in a dual stream report (e.g. when using non-linear receivers or in situation when the SINR of a single stream would result in even lower supported data rates), it would help if we allow reporting of transport block sizes that are actullay corresponding to code rates smaller than 1/3. In that case, the TBS entries in the suggested CQI table of [1] could actually be kept as they are and just the assumption of implying a lower number of codes than 15 would need to be dropped. Then the UE would always assume 15 OVSF codes and report the supported data rates. This could result (for fairly low SINR, but still wil advantage for dual stream transmission) in CQI reports that would imply code rates < 1/3. When the Node B scheduler would get such information it could actually use that to use a smaller number of OVSF codes with increased power per OVSF code in order to schedule a set of small transport blocks at approximately code rate 1/3 since it would know approximately by how much the SINR would increase when concentrating the available power on a smaller numer of codes.
Option B)

Another solution would be to allowe reporting of CQI values that indicate code rates smaller than 1/3 but that do not reach as low as a transport block size of 1262 (implies code rate of about 0.09). In principle this optiuon would correspond to option A) with the limitation that the smallest transport block size – and hence the smallest corresponding SINR – would not be as low as in option A).

Since the mapping between SINR and supported block size should become close to a linar function in the low SINR range, it does not seem to strong of a limitation to go with option A). In Fact the dynamic range between CQI entries #3 up to #14 of the suggested CQI table in [1] would be about 16 dB in terms of symbol SINR. Furthermore, assuming that the SINR needed to support BLER values of 10% or less at the low end of the CQI table would decrease approximately proportional to the transport block sizes, a minimum transport block size of 1262 would extend the dynamic range to approcimately 22 dB, which was the original intent. 
If option A) is preferred, it is suggestd to update the proposed CQI reporting table in [1] to the new version shown in Table 1 below. If option B) should be preferred, some of the transport block size values would need to be revised (finer granularity).

Furthermore, it was discovered that the draft CR text in [1] did not correctly contain the CQI index numbering. The numbering in [1], also shown in Table 1 below, should be used. The formula for defining which CQI value to report was also incorrect in the draft CR text, the correct one is:
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Table 1. Suggested CQI index table for a fixed number of 15 available OVSF codes 
and a granularity of 15 levels .

	CQI Index 1 or 2
	TB size
	Modulation
	Comment

	0
	1262
	QPSK
	assumes 15 OVSF codes
(implies FEC code rate < 1/3)

	1
	2198
	QPSK
	assumes 15 OVSF codes

(implies FEC code rate < 1/3)

	2
	3202
	QPSK
	assumes 15 OVSF codes

(implies FEC code rate < 1/3)

	3
	4748
	QPSK
	assumes 15 OVSF codes

	4
	6101
	QPSK
	assumes 15 OVSF codes

	5
	7564
	QPSK
	assumes 15 OVSF codes

	6
	9210
	QPSK
	assumes 15 OVSF codes

	7
	10629
	16QAM
	assumes 15 OVSF codes

	8
	12488
	16QAM
	assumes 15 OVSF codes

	9
	14936
	16QAM
	assumes 15 OVSF codes

	10
	17548
	16QAM
	assumes 15 OVSF codes

	11
	20251
	16QAM
	assumes 15 OVSF codes

	12
	22147
	16QAM
	assumes 15 OVSF codes

	13
	24222
	16QAM
	assumes 15 OVSF codes

	14
	26490
	16QAM
	assumes 15 OVSF codes


3. Reference power adjustment
Another problem that arises in the context of CQI reporting in MIMO is whether to cover the same dynamic range between UE categories 9M and 10M. Since UE category 9M does only support a maximum transport block size for one stream of approximately 20 kbits, an additional parameter similar to the 
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 parameter in Rel-5 CQI reporting would need to be used. This 
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parameter was actually used for this purpose in the draft CR text in [1]. However, the UE could end up in a situation where the 
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parameter for one stream would be 0 and for the other stream larger than 0. Therefore, it cannot assume a single consistent reference power adjustment parameter
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. 

A simple solution that would allow to still cover the same dynamic range for CQI reports for both, category 9M and 10M would be to define a new interpretation of the 
[image: image6.wmf]D

parameter: The 
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parameter would be stream specific and would indicate a measure by how much the stream specific SINR would exceed the SINR threshold needed to allow for 10% or better BLER values. Another option would be to use a finer granularity in the CQI reporting and limit the dynamic range to smaller maximum values for category 9M as compared to category 10M.
For the sake of simplicity it is suggested to use the same dynamic range for both UE categories and redefine the meaning of the 
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 parameter accordingly.

Conclusions

In this contribution refinement of the CQI reporting as already described in [1] is described. It is suggested to modify the CQI table entries to reflect that the UE shall assume for all CQI table entries that 15 OVSF codes would be used. It is suggested to allow for CQI entries that imply code rates below 1/3 according to table 1 above. Alternatively, a finer granularity of CQI reports could be defined in the CQI reporting table. Furthermore, some remaining inconsistencies regarding CQI index calculation and reference power adjustment were pointed out.

All the discussed issues and suggested solutions are reflected in the updated CR to 25.214 in [2].
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