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1 Introduction

In RAN1#63 meeting, coding and resource mapping for UCI on PUSCH was discussed and the following conclusion was agreed during the meeting and by email discussion after the meeting: 

· If more than 1 CC is configured, PUSCH A/N codebook size [1]: 

· Based on the number of configured CCs and their configured transmission modes.
· For TDD, also dependent on the number of subframes in bundling window;
· The proposals in R1-106026 and R1-106499 and R1-106025 are FFS - revisit at RAN1#63b. 

· Treatment of special subframe is FFS
· Dual RM (32, O) code is used for A/N or RI with 12-20bits.
Although dual RM (32, O) code was agreed by email discussion to be used for A/N or RI with 12-20bits, the detail of how to perform the coding still needs further discussion. In this contribution, we provide our views on the remaining issues for coding and resource mapping for UCI on PUSCH in Rel-10, including the detail of coding and resource mapping for dual RM code and CQI/PMI on PUSCH.
2 Discussion  
2.1 ACK/NACK transmission 
2.1.1 Remaining issue for PUSCH A/N codebook size
It has been agreed that the number of A/N bits transmitted on PUSCH is determined based on the number of configured CCs, the configured transmission modes, and the number of subframes in bundling window for TDD. One of the remaining issue is whether the PUSCH A/N codebook size is determined with the aid of DAI in UL grant.
In LTE-A TDD, if the number of A/N bits transmitted on PUSCH is always based on the number of subframes in bundling window, the data would be punctured by a large number of unnecessary A/N bits, which would increase the overhead and result in unnecessary system throughput loss. To minimize the overhead, the number of A/N bits transmitted on PUSCH can be determined with the aid of DAI in UL grant similarly as in Rel-8 TDD. 
In Rel-8 for TDD UL-DL configurations 1-6, the value of the DAI in DCI format 0, 
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 is the downlink association set, i.e. the bundling window. 
In LTE-A TDD, one alternative is to use the DAI in UL grant to represent the total number of subframes with PDSCH transmissions and with PDCCH indicating downlink SPS release to the corresponding UE in a configured DL CC. In this case, the number of A/N bits for the DL CC with linked UL grant is determined according to the value of DAI in the linked UL grant, and the number of A/N bits for the DL CC without linked UL grant is determined according to the number of DL subframes in the downlink association set. However, the ambiguity of the total number of A/N bits transmitted on PUSCH would be caused if one or more UL grants are missed by UE, which would result in incorrectly decoding of data and A/N. 
Another alternative is to use the DAI in UL grant, 
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 is the downlink association set. Take the case shown in figure 1 as an example, the value of DAI in UL grant is 3. In this case, the number of A/N bits transmitted on PUSCH can be determined according to the following formula.  
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Where 
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 is the number of configured DL CCs, 
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 is the number of DL CCs with the configured MIMO transmission mode enabling the reception of two transmission blocks for the corresponding UE.
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Figure 1 Example for the transmission of each DL Configured CC in TDD 
The latter alternative would not bring ambiguity to the total number of A/N bits transmitted on PUSCH and can minimize the overhead. Thus, in Rel-10 TDD, if the PUSCH multiplexed with A/N is adjusted based on a detected UL grant intended for the UE, the number of A/N bits transmitted on PUSCH is determined based on the number of configured CCs , the configured transmission modes, and the value of DAI in the UL grant. 
Proposal 1: For Rel-10 TDD, if the PUSCH multiplexed with A/N  is adjusted based on a detected UL grant intended for the UE, the number of A/N bits transmitted on the PUSCH is determined based on the number of configured CCs, the configured transmission mode,  and the value of DAI in the UL grant.
· The value of the DAI in UL grant, 
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· If spatial bundling is employed, 
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2.1.2 Remaining issue for dual RM code for A/N with 12-20 bits
According to the conclusion of email discussion after RAN1 #63 meeting, dual Rel-8 RM (32, O) code is used for A/N with 12-20 bits. But the detail for how to perform the coding still needs further discussion.
When the dual Rel-8 RM (32, O) code is used for the case of more than 11-bit A/N on PUSCH, it can be performed as follows.  

· The A/N bits are equally segmented into two A/N blocks of length 
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is the total number of A/N bits. The segmentation mechanism should be similar to the one on PUCCH considering the commonality. The detail can be seen in [3].
· Each A/N block is encoded using the Rel-8 RM (32, O) code with circular buffer rate matching. The number of encoded bits after rate matching for the first A/N block is 
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is the number of modulation symbols for A/N per layer on PUSCH, 
[image: image37.wmf]m

Q

is the modulation order.
· The output bit sequence of the channel coding block is obtained by concatenation of the two encoded blocks, which will make the encoded A/N bits from the two A/N blocks mapped to the resource elements as figure 2 shows.   
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	
	


Figure 2 A/N resource mapping scheme
2.2 CSI transmission 
2.2.1 CSI reporting ambiguity brought by CC activation/deactivation
According to the agreements from RAN2 #69 [4], MAC signaling is used to activate/deactivate carrier and UE does not perform CQI measurements corresponding to de-activated CCs. However, as described in [5], MAC activation/deactivation would bring ambiguity between UE and eNB on which CCs are active. For example, when ACK to NACK error case occurs to the HARQ-ACK feedback for the PDSCH containing MAC activation signaling, the CC(s) would be activated from the UE point of view but remained de-activated from the eNB point of view. Similarly, When NACK to ACK error case occurs to the HARQ-NACK feedback for PDSCH containing the MAC activation signaling, the CC(s) would be de-activated from the UE point of view but remained activated from the eNB point of view.

In Rel-10, multiplexing CSI information for multiple CCs on PUSCH can happen due to carrier aggregation, which may include the case of multiplexing aperiodic CSI information for multiple CCs, multiplexing periodic CSI information and aperiodic CSI information for different CCs, and multiplexing periodic CSI information for multiple CCs.. The ambiguity brought by CC activation/deactivation would result in decoding the CSI information and data incorrectly. One possible solution to keep the decoding of data away from the impact of the ambiguity is calculating the resource for CSI according to the configured CC set, which can make sure that the calculated resource for data is correct even if the ambiguity happens. 

Proposal 2: When CSI is transmitted on PUSCH, calculating the resource for CSI according to the configured CC set.
2.2.2 RI

In Rel-10, the maximum number of RI bits transmitted on PUSCH is possible to be more than 10 bits due to carrier aggregation and enhanced downlink multiple antenna transmission. As described in section 1, it has been agreed to reuse Rel-8 RM (32, O) code for 3-11 bits RI and dual RM (32, O) code for 12-20 bits RI. 
When the dual Rel-8 RM (32, O) code is used for the case of more than 11-bit RI on PUSCH, it can use the same mechanism described in section 2.1.2, which is for the case of more than 11-bit A/N.
2.2.3 CQI/PMI
As described in section 2.2.1, calculating the resource for CSI according to the configured CC set should be supported considering the ambiguity brought by carrier activation and deactivation. Although the resource for CQI/PMI is calculated according to the configured CC set, the reporting content needs to be up to the activated CC set, because the deactivated carrier would not have CQI like measurement according to the agreement from RAN2.  As to the ambiguity of the reporting content brought by carrier activation/deactivation, blind decoding can be used to solve the problem in most cases. Firstly, both the resources for CQI/PMI and data are unambiguous, thus blind decoding is only needed for the CQI/PMI reporting content.  Secondly, the number of the CQI/PMI information bits is usually not as large as data, thus blind decoding the CQI/PMI reporting content would not have strong impact on the decoding efficiency and would not increase the complexity a lot.  
An advantage of determining the reporting content according to the activated CC set is that it can enhance the CQI/PMI performance in some cases.  Take the case shown in figure 3 as an example, which can be the case of multiplexing periodic CQI/PMI information for multiple CCs on PUSCH. Three DL CCs are configured to the UE, but only CC 1 and CC 2 are activated. In the case that the reporting content is up to the activated CC set, the reporting content in subframe 0 is 11 bits valid wideband CQI/PMI information bits for CC 1. In the case that the reporting content is up to the configured CC set, the reporting content has additional 4 bits invalid redundant information bits for CC 3 which is deactivated. However, the resource reserved for CQI/PMI for the two cases are the same. So the code rate of CQI/PMI for the former case is lower than the latter case. The CQI/PMI performance for lower code rate would be better considering the property of convolutional code.         
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Figure 3 Example of CQI/PMI reporting instance for each DL CC, CC3 is deactivated. 
An disadvantage of determining the reporting content according to the activated CC set is that blind decoding can not solve the ambiguity of the reporting content in some special cases, e.g., when activating one DL CC and deactivating another DL CC happen simultaneously, and the same number of CQI/PMI feedback bits for the two DL CCs are needed to be reported in the same uplink subframe. In such cases, blind decoding does not work because the total number of CQI/PMI feedback bits keeps the same. However, on the one hand, the probability that the above case happens is very low; on the other hand, the above case can be avoided or handled by eNB. Therefore, determining the reporting content according to the activated CC set can be considered.    
Proposal 3: When CQI/PMI is transmitted on PUSCH, reporting the CQI/PMI information according to the activated CC set and calculating the resource according to the configured CC set.
In Rel-8, RM (32, O) code is used for up to 11 bits CQI/PMI and tail-biting convolutional code is used for more than 11 bits CQI/PMI. In Rel-10, the same mechanism can be used considering the commonality.
3 Conclusion 
 In this contribution, we provide our views on coding and resource mapping for UCI on PUSCH for FDD and TDD. Based on the analysis in section 2, we have the following proposals:

Proposal 1: For Rel-10 TDD, if the PUSCH multiplexed with A/N  is adjusted based on a detected UL grant intended for the UE, the number of A/N bits transmitted on the PUSCH is determined based on the number of configured CCs, the configured transmission mode,  and the value of DAI in the UL grant.
· The value of the DAI in UL grant, 
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Proposal 2: When CSI is transmitted on PUSCH, calculating the resource for CSI according to the configured CC set.
Proposal 3: When CQI/PMI is transmitted on PUSCH, reporting the CQI/PMI information according to the activated CC set on the resource calculated according to the configured CC set can be considered.
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