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1.1. Introduction

In LTE we have agreed to use (32,X) based linear block encoding method for periodic CQI/PMI reports transmitted on PUSCH. We have also agreed to use a formula in section 5.2.2.6 of TS 36.212 to derive the modulation and coding rates (MCS) for the transmission of these reports. During performance verification of these block codes in various MCS values, we have indentified few erroneous rate matching scenarios where eNB cannot correctly decode the CQI/PMI reports regardless of propagation channel conditions and receiver types. In this contribution we clarify when and what conditions these erroneous cases occur and suggest few solutions which may be acceptable at this stage.
2.1. Erroneous Cases
For most cases the (32,X) linear block code matrix seems to work as intended. It gives better performance as number of input bits get smaller, it also give better performance when more rate matched bits are transmitted. The error cases occur when the number of rate matched bits is much smaller than the linear block code row size, which in this case is ‘32’. This is because the linear block code was never really designed to support high code rates. So in case the 32 bit linear block encoded bit are rate matched to have small output bits such as 5 or 6 bits, it would be impossible to actually detect at the eNB side, what was encoded by the linear block code in the UE side. Table 1 shows the number of input payload bits and number rate matched output bits which results in un-decodable states by the (32,X) linear block code matrix.
Table 1.
	Input Payload Bits
	Rate Matched Bits

	11
	< 16

	10
	< 10

	9
	< 10

	8
	< 10

	7
	< 10

	6
	< 10

	5
	< 5

	4
	< 4


To give one example of what is happening; let’s assume that the UE is to report a wideband Rank 1 periodic CQI report. Let’s also assume that UE is operating in a 2 Tx eNB. Then the payload size of the periodic CQI report is 6 bits ( 4bits for wideband CQI and 2 bits for Precoding information ). Let’s also assume that the piggyback transmission is done on 2RB PUSCH transmission, with MCS index of 10, with MCS offset index of 1. According to the MCS calculation formula in 5.2.2.6 in TS 36.212, the piggyback periodic CQI report will be rate matched to have 10 bits. Note that this is a typical case which may occur in real environments, and there are far worst cases in 4 Tx eNB with larger CQI report payload sizes.
According to this assumption we have 6 bits to encode and rate matched output of 10 bits, but with this configuration input payload bit pattern ‘101101’ and ‘101100’ both give the same rate matched output of ‘1001110001’. So at the eNB side even if we assume an optimal receiver with no noise, the eNB cannot correctly decode the encoded bits due to the fact there might be more than 1 possible payload bit patterns. This kind of encoded codeword ambiguity will happen for all cases satisfying conditions defined in Table 1.
3.1. Solutions for erroneous rate matching
Since the erroneous cases only occur when the number of rate matched bits is small compared to the input payload bits, there could be 3 possible solutions.
Option A) Virtually extend the input payload size by adding non-existing CRC size to MCS calculation formula.
In this option we basically use the same formula described in the specification. Below is a copied section from MCS calculation formula in TS 36.212.
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Here we can see that parameter ‘L’ = 8 is added to the input payload size ‘O’ only when CQI/PMI payload size is larger than 11. Since the erroneous case only happens when rate matched bits (or symbols) is small, adding a non-existing (or virtual) CRC size to the input payload size will make the number of rate matched bits to be increased. To put in other words virtually extending the input payload size will increase the size of ‘
[image: image8.wmf]'

Q

’ in the formula above. In short option A is to always fix the size of L to 8 regardless of input payload size. Below is a draft text change for option A. With this option the change in the specification can be kept to minimal.
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Option B) Set a minimum rate matched size depending on input payload size.
In this option we set a minimum rate matched size of periodic CQI/PMI reports to be no smaller than the specified values in Table 1, which varies depending on input payload size to give optimal overhead reduction. This is basically rate matching the output bits to be larger than required to avoid any error cases, at the cost of slight more control overhead. Since the minimum rate matched bit size will vary according to input payload size, this option will give us the error protection we need with the smallest overhead possible with the given (32,X) linear block code. Below is a draft text proposal for this option.
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Option C) Set a minimum rate matched size using the maximum erroneous case rate matched size in Table 1.
In this option we set a minimum rate matched size of periodic CQI/PMI reports to be no smaller than 16 bits, which is the maximum size of erroneous rate matching case for any input payload size. This option is simplification of option B, by setting a fixed minimum rate matched size. With a fix minimum rate matched by to be smaller than 16 bits, we can insure no error cases will occur, but at the cost of more control information overhead than really needed.
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4.1. Conclusion

In conclusion we propose to adopt either option A, or B, or C in the specification in order to address any possible erroneous reception of CQI/PMI reports in the eNB. From the minimal specification change point of view we have slight preference on option A.
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