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1. Introduction
In the LS on CSI reporting and SCell deactivation [1], RAN2 informs RAN1 that whether to report CQI for deactivated SCells with dummy contents is up to RAN1. In order to decide this issue, we should take a look at the impact of ambiguity during activation/deactivation of SCell because if there is no ambiguity, the dummy bits should not be transmitted to avoid the waste of resource and UE transmit power. In this document, we summarize the ambiguity issue in section 2 and investigate the impact on periodic CSI reporting and aperiodic CSI reporting in section 3 and section 4 respectively. 
2. Ambiguity in conjunction with activation/deactivation of SCell

During periods of activation/deactivation of SCell, the eNB and the UE may have different understanding on the status of SCell for the following reasons. 

· A SCell is activated/deactivated via MAC signalling (i.e. a MAC control element (CE)).  However, since there is a certain probability of a NACK→ACK error on the uplink, a UE could signal a DL HARQ NACK on the uplink in case of decoding failure, but the eNB would mistakenly receive/interpret the transmitted NACK as a received ACK.  As a result, the eNB would assume the SCell has been activated, but the UE would not actually have activated the SCell.  Consequently, while the UE would not transmit CSI reports for this newly “activated” (from the viewpoint of the eNB) carrier, the eNB would expect to receive these CSI reports. ACK→NACK errors are also an alternate source of ambiguity but this ambiguity can be easily recovered in the next transmission. 
· A SCell may be deactivated if no transmissions have been received on that SCell till SCell deactivation timer expires. There is a risk that the UE miss the detection of one or more PDCCH transmissions corresponding to a SCell and thus incorrectly allows this deactivation timer to expire. This would result in the UE deactivating a SCell that the eNB may consider to still be active.  There is also another situation where the UE has a false positive detection on the PDCCH, i.e. the UE interprets that the PDCCH is designated to the UE due to a false positive on the CRC check but actually the PDCCH is either designated for another UE or it is a completely false positive decoding.  In this case, the UE will reset its carrier deactivation timer and as a result, the deactivation timer at the UE will expire later than the timer at the eNB.  The UE will mistakenly consider that a carrier is still active while the eNB considers that the same carrier has been deactivated. 

3. Periodic CSI reporting
Periodic CSI is transmitted either on the PUCCH or PUSCH. If we assume that one CSI reporting is transmitted on PUCCH, the ambiguity issue would not have a big impact on periodic CSI reporting even if CSI of deactivated SCell is not transmitted. When the eNB assumes a serving cell is deactivated but the UE does not, the eNB would not receive CSI report although the UE transmits CSI reporting on PUCCH resulting in an unnecessary PUCCH transmission. In the opposite case, the UE would not transmit CSI reporting and the eNB may be able to detect DTX through the energy detection. 
However, in case of CSI collision or periodic CSI transmission on PUSCH, the impact due to the ambiguity may not be negligible. 

· CSI collision: since the independent CSI configuration is used for CSI reporting of each serving cell, there is a case that CSI reporting of multiple serving cells happen to be transmitted in the same subframe. In this case, it is defined that the higher priority of CSI reporting will be selected and transmitted. The priority is given by reporting type or cell index. However, it is yet to be decided whether the selection is among activated serving cells or configured serving cells. If selection is based on configured serving cell, there is no impact due to the ambiguity. Instead, the dummy bits should be transmitted when the corresponding serving cell is deactivated. 
· CSI on PUSCH (especially CQI/PMI): CSI is transmitted on PUSCH when PUSCH is scheduled and PUSCH+PUCCH is not configured or when A/N is transmitted and PUSCH is scheduled and PUSCH+PUCCH is configured. In this case, the packet data is rate-matched according to the number of CSI coded bits and CQI is assigned first before data when mapping to PUSCH resource. If there is ambiguity in CSI transmission on PUSCH, the eNB will apply different bit mapping and rate matching.  
To avoid the problems described above, it is recommended to transmit dummy bits in CSI reporting even if the corresponding SCell is deactivated.
4. Aperiodic CSI reporting

Aperiodic CSI reporting is determined with respect to the bit size of CSI reporting request. 
· 1bit: a report is triggered for serving cell 
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 if the CSI request field is set to ‘1’
· 2bit: a report is triggered according to the value in Table 7.1.1-1A in TS36.213 (copied below for reference) corresponding to aperiodic CSI reporting. In case of ‘10’ or ‘11’, CSI report of multiple serving cells can be transmitted. 
Table 7.2.1-1A: CSI Request field for PDCCH with uplink DCI format in UE specific search space

	Value of CSI request field
	Description

	’00’
	No aperiodic CSI report is triggered

	‘01’
	Aperiodic CSI report is triggered for serving cell 
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	‘10’
	Aperiodic CSI report is triggered for a 1st set of serving cells configured by higher layers

	‘11’
	Aperiodic CSI report is triggered for a 2nd set of serving cells configured by higher layers


When CSI reporting of a serving cell is transmitted with 1-bit request or ‘01’ in 2-bit request, there should be no impact due to the ambiguity because the UE will not be scheduled on the serving cell that the eNB assumes is deactivated or alternatively the UE will not receive an uplink grant if the UE assumes the serving cell is deactivated although the eNB sends UL grant triggering aperiodic CSI report. 
On the other hand, when CSI reporting of multiple serving cells is transmitted with ‘10’ or ‘11’ in 2-bits request, it can happen that the one of serving cell is deactivated. In this case, if the UE omits CSI reporting of the deactivate serving cell, it would not be possible for the eNB to decode CSI information correctly because the information bit size is different from what the eNB assumes. In addition, packet data decoding is also affected if the number of encoded symbol for CSI transmission is changed with respect to the information bit size. 
Different from periodic CSI transmission, there are two possible approaches to avoid the impact due to SCell activation/deactivation ambiguity. 
· Without dummy bits: the resources used for UCI transmission are fixed in order not to change the rate-matching mechanism for the data portion of the transmission. The information payload size is reduced if some of serving cells to be reported are deactivated. Since the eNB still may not know which serving cell is deactivated, the cell index may be included in CSI report similar to PHR reporting. In addition, the eNB should perform the blind decoding for the variable information payload size. However, considering the limited number of possible SCells, blind decoding complexity may not be a big problem. The main advantage of this approach is an increase in coding gain by sending CSI of the activated serving cell only. However, given that the UCI codeword size is dimensioned to meet the performance requirement of CSI reporting, this advantage may not be so important when CSI is transmitted with PUSCH data. In case only aperiodic CSI is transmitted, the UE could decrease the power level if the smaller size of information bit is transmitted. 
· With dummy bits: similar to periodic CSI reporting, the dummy bits are included if the corresponding serving cell is deactivated. The code rate of each CSI report is fixed regardless of the number of activated serving cells. At first glance, since CSI of all serving cells should be reported the overall coding rate is higher than the first approach. However, if the dummy bits are distributed over the CSI payload, decoding performance can also be improved [2]. 
Table 1 : comparison of two approaches

	
	Without dummy bits
	With dummy bits

	Advantage
	Decreased code rate 
	No blind decoding/cell index 
Dummy bits can improve decoding

	Disadvantage
	Blind decoding in eNB

Cell index may need to be included
	Increased code rate


Based on the above observation, we prefer to transmit the dummy bits for CSI reporting when  the corresponding serving cell is deactivated. And we recommend RAN1 discuss about detail on CSI reporting to better utilize the dummy bits in decoding of CSI report [2]. 
5. Conclusion

In this document, we discussed the impact of the ambiguity in activation/deactivation on CSI reporting. Based on the discussion in section 3 and 4, followings are proposed for CSI reporting. 
· For periodic CSI reporting, the UE transmits the dummy bits for CSI reporting when the corresponding SCell is deactivated.
· For aperiodic CSI reporting, transmit the dummy bits for CSI reporting if the corresponding serving cell is deactivated. Furthermore we recommend RAN1 consider bit location of CSI reporting in order to better enhance decoding performance utilizing dummy bits [2].
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