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1. Introduction  
In [1], the ambiguity of CSI reporting during SCell activation/deactivation is discussed. One potential approach avoiding this ambiguity in case of aperiodic CSI reporting is to transmit dummy bits for deactivated SCells [1][2] at the price of adding redundant information. This contribution investigates the placement of dummy bits in forming CSI reporting payload to enhance decoding performance via this source of redundancy.
2. Discussion
CQI/PMI payloads in carrier aggregation are comprised of the sequential ordering of the CQI/PMI report for each DL cell in increasing order of cell index. CRC parity bits are attached and resulting codeword convolutionally encoded [3]. During periods of SCell activation/deactivation, the eNB and UE may have different understandings of the number of activated SCells due to  HARQ-ACK error of MAC CE or the miss detection of PDCCH signaling. In order to avoid the potential ambiguity in payload size and activated reporting cells during the ambiguity period, a fixed pattern of dummy bits can be inserted in place of deactivated SCells. One such approach to insert dummy bit is shown in Figure 1.
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Figure 1 – CSI payload with Dummy pattern insertion to avoid cell ambiguity

An advantage of this approach is the eNB has full knowledge of the payload size throughout the ambiguity period. Furthermore, once the eNB detects the fixed dummy pattern it can use this information as apriori knowledge to improve convolutional decoding of the CQI/PMI payload for the remainder of the ambiguity period. The benefit obtained from use of dummy bits as apriori knowledge is dependent on the distribution of these bits in forming the convolutional codeword. Two possible approaches are considered here and are detailed as follows:

Approach 1: CSI payload is fed in directly to the convolutional encoder.

[image: image2.emf]CRC

CSI payload

Convolutional Codeword

0000000

Figure 2 – Apporach1: Encoding of CRC codeword
A disadvantage of this approach is dummy bits influence only a portion of the convolutional codeword as shown in Figure 3 thereby limiting any gain in their use as apriori knowledge.
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Figure 3 - Influence of dummy bits on convolutional codeword
Approach 2: The CSI payload is interleavered before convolutional encoding.
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Figure 4 - Approach2: Encoding of CRC codeword
The advantage of such interleaving is dummy bits are diffused throughout the convolutional encoder payload and therefore influence a greater section of the convolutional codeword.
Performance comparisons of the two approaches are shown in Figure 5 and Figure 6. Simulations were carried out assuming periodic CSI control information in Ped-A and TU channel respectively. Only CQI information is assumed as control information and occupies a single resource block with each CQI report consist of 21bits per a serving cell(consistent with reporting mode 1-2, 2 antenna ports, rank =2 and 20MHz BW). For simplicity the sub-block interleaver was used when simulating Approach 2.
Figure 5 details performance assuming 5CCs are active before reconfiguration with dummy bits inserted for one of the CC CQI reports. A minor benefit in decoder performance on the order of 0.2dB is observed when comparing Approach 1 with decoding without use of dummy bits. However this improvement in decoding performance is increased to 0.7dB at the 1% FER point, an increase of 0.5 dB, when Approach 2 is considered indicating dispersal of apriori information throughout the encoder payload is important in the successful use of apriori knowledge during decoding. This is further re-enforced in Figure 6 where Approach 2 shows a 1.1dB gain at the 1% FER level compared to Approach 1.
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Figure 5 – CQI decoding assuming 1 out of 5 CCs are deactivated
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Figure 6 - CQI decoding assuming 1 out of 3 CCs are deactivated
3. Conclusions

This contribution highlights the potential benefits of using dummy bits as aprori knowledge in decoding of control information during SCell reconfiguration ambiguity periods.

Gains in the region of 0.5-1.1dB were observed in investigated scenarios when Approach 2 is used compared to Approach 1. In light of these observations, we propose that all CSI payloads consisting of multiple serving cells reports are interleaved before encoding to maximize the decoding performance in the case apriori information is available through dummy bits insertion.
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