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1
Introduction
It has been decided in RAN1 #52 meeting held in Sorrento that convolutional coding and rate matching as specified for PBCH and PDCCH is applied  for “large” CQI reports  (above approx. 10 bits) transmitted on PUSCH. On the other hand, it has been agreed that linear block codes are applied for small CQI reports. 
In RAN1 #52bis it was agreed to have the (32,x) linear block code described in [1] as a coding scheme for small CQI reports transmitted on PUSCH.  It was also noted that if there is a need for different code lengths identified, there should be a possibility to propose further optimizations for code lengths between 20 and 32.
It was decided in RAN1 #53 meeting that all CQI reporting modes on PUSCH that don’t come from PUCCH use a 8 bit CRC. 
This contribution discusses the remaining open issues related to block codes applied for small CQI reports on PUSCH. 
2.
Clarification related to usage of block codes on PUSCH

As mentioned, it was decided in RAN1 #53 meeting that all CQI reporting modes on PUSCH that don’t come from PUCCH use a 8 bit CRC. According to this decision we note that block coding is defined for the CQI transmitted on PUSCH only in the case with CQI size equals to 4 bits. This smallest Aperiodic CQI payload size is possible with the 1.4 MHz system badwidth. In this case, coding block size taking into account CRC equals to 12. We note that it does not make sense to utilize block codes in use in these rare cases. Therefore, for the sake of simplicity we propose the following division:

· Aperiodic CQI signalled on the PUSCH utilizes always tail-biting convolutional codes.

· Periodic CQI signalled via PUCCH and PUSCH utilizes always linear block codes 

3.
Rate matching problem related to block codes and 64QAM
Data and different control fields (ACK/NAK, CQI, Rank Indicator) are coded and modulated separately on PUSCH. It has also been decided that CQI transmitted on PUSCH utilizes the same modulation scheme as the data part.
We have identified one problem related to small CQI reports using block coding: the existing coding schemes are not compatible with one of the supported PUSCH modulation schemes, namely 64QAM. The problem is that with the existing coding schemes, (32,x) and (20,x), the number of output bits of the coding block is not divisible by 6 which is the number of bits per 64QAM symbol. There are two approaches to solve this small problem:
· Apply repetition coding for pre-determined bits (4) of the coding block (32 → 36, 20 → 24) 
· Puncture two pre-determined bits out from the coding block (32 → 30, 20 → 18)

Our preference is puncturing approach. We propose that two last bits of the coding block are punctured out in the case of 64QAM when block coding is used for CQI. The reason why we propose puncturing approach instead of repetition coding is the fact that with 64QAM the performance of block coding is sufficient already with 5 symbols/subframe [2].
4.
Rate matching issue
The principle behind the linkage between the data MCS and the size of the control signalling region on PUSCH was agreed based on [2], and [3]. The remaining open issue is the rate matching for the block codes. Here we propose to do the rate matching by using simple repetition of the (32, N) block codes, i.e. to quantize the size of the control region to macth the length of the block codes. In order to optimize the data throughput, the (20, N) block codes used on the PUCCH should be used as well.

Mctrl is defined as the number of control symbols per subframe, calculated by using the formula which determines the size of control region based on data MCS [3]. Table 1 (QPSK), Table 2 (16QAM), and Table 3 (64QAM) show the proposed rate matching options for the periodic CQI transmitted on PUSCH. The switching point between (20,x) and (32,x) is based on the Mctrl given by the dimensioning formula. Usage of the repetition coded version of the (32,x) codeword is also triggered by the dimensioning formula. 
Table 1. Rate matching for periodic CQI transmitted on PUSCH, QPSK
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Mctrl coding scheme

Mctrl ≤ 10 (20,x)

10 < Mctrl ≤ 16 (32,x)

16 < Mctrl ≤ 32 (32,x), 2 x repetition

32 < Mctrl ≤ 48 (32,x), 3 x repetition

48 < Mctrl ≤ 64 (32,x), 4 x repetition


Table 2. Rate matching for periodic CQI transmitted on PUSCH, 16QAM
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Mctrl coding scheme

Mctrl ≤ 5 (20,x)

5 < Mctrl ≤ 8 (32,x)

8 < Mctrl ≤ 16 (32,x), 2 x repetition

16 < Mctrl ≤ 24 (32,x), 3 x repetition

24 < Mctrl ≤ 32 (32,x), 4 x repetition


Table 3. Rate matching for periodic CQI transmitted on PUSCH, 64QAM
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Mctrl coding scheme

Mctrl ≤ 3 (20->18,x)

3 < Mctrl ≤ 5 (32->30,x)

5 < Mctrl ≤ 10 (32->30,x), 2 x repetition

10 < Mctrl ≤ 15 (32->30,x), 3 x repetition

15 < Mctrl ≤ 20 (32->30,x), 4 x repetition


4
Summary
In this contribution we have discussed rate matching issues related to CQI transmitted on PUSCH when using block codes. We propose that aperiodic CQI configured for PUSCH utilizes always tail-biting convolutional codes. We also propose certain practical rules for the rate matching operation to be used with block codes on the PUSCH. 
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