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1
Introduction

The issue of CQI report at SCell activation was raised in RAN2#72 meeting [1].  In addition, RAN4 has confirmed RAN2 understanding that “there is no need to start measuring the SCell before subframe n+x” [3].  According to the understanding of RAN2 and RAN4, the main issue is that when a UE has no valid CQI measurement results for a SCell at the beginning of this SCell activation (i.e., after subframe n+8, where UE receives the activation command in subframe n.) how the UE reports this SCell’s CQI.  In this contribution, we would like to analyze this issue and provide our suggestions. 
2 Discussion

There are four solutions proposed in [1] to solve when and how to report CQI at SCell activation as follows:
Solution 1: UE does not report CQI until it has valid CQI measurement result.
Solution 2: UE does not report CQI until the second timing.
Solution 3: UE reports CQI=0 until it has valid CQI measurement result.
Solution 4: UE reports CQI=0 until the second timing.
In addition to these four solutions, in the last meeting some companies thought that this issue is similar to reporting CQI after receiving PDCCH at the end of active time of DRX. As described in the NOTE of DRX section [4], in this case UE can optionally choose whether to report or not. We think this method is slightly different from Solution 1 and Solution 2. Thus, we call the method described in the NOTE of DRX section Solution 5.
Solution 5: UE may optionally choose to not send CQI reports until the second timing.

Although CQI report could be periodic or aperiodic, we only focus on the periodic CQI report for this issue.  This is because the aperiodic CQI report is fully controlled by eNB.  Furthermore, regarding the periodic CQI report, it may be carried on PUCCH or PUSCH.  For example, the periodic CQI report occurs in the same subframe as the PUSCH resource is allocated on other cells (e.g., PCell or the other activated SCells).  Hence, we should discuss CQI report on PUCCH and on PUSCH separately.

In this contribution, we would like to discuss this issue from the following factors: (i) the eNB detection, (ii) UE battery saving (send CQI report or not) and (iii) whether UE can report valid CQI measurement results if it is available.

For the eNB detection, if eNB does not know whether or not UE sends CQI report, eNB needs to detect CQI report on PUCCH or PUSCH. In the case of CQI report on PUCCH, eNB needs to detect the energy on PUCCH. In the case of CQI report on PUSCH, if UE does not report CQI the resource for CQI report on PUSCH could be reserved or allocated for data.  Thus, we consider the following two cases:

Case A:  Resource for CQI report on PUSCH is reserved if UE does not report CQI.
Case B:  Resource for CQI report on PUSCH is allocated for data if UE does not report CQI.

For Case A, eNB only needs to detect whether or not the CQI is reported on the CQI resource of PUSCH. But for Case B, eNB needs to decode data twice to determine whether or not the CQI is reported on PUSCH. Therefore, we divide Solution 1 into two solutions: Solution 1A and Solution 1B which are corresponding to Case A and Case B respectively. Similarly, Solution 5 could be divided into Solution 5A and Solution 5B. That is,
Solution 1A: UE does not report CQI until it has valid CQI measurement result. And if the resource of CQI report is on PUSCH, it is reserved.

Solution 1B: UE does not report CQI until it has valid CQI measurement result. And if the resource of CQI report is on PUSCH, it is allocated for data.
Solution 5A: UE may optionally choose to not send CQI reports until the second timing. And if the resource of CQI report is on PUSCH, it is reserved.
Solution 5B: UE may optionally choose to not send CQI reports until the second timing. And if the resource of CQI report is on PUSCH, it is allocated for data.
In addition, for Solution 3, since UE reports CQI=0 until it has valid measurement result, eNB needs to differentiate the no valid measurement result from the out of range (OOR).  For this case, eNB can just ignore some numbers of “CQI=0” at SCell activation based on eNB implementation.  Besides, the decision of “out of range” may not only depend on a single “CQI=0” report.  So we think that the smart eNB can deal with this ambiguity. 


For the UE battery saving, if UE does not report CQI on PUCCH or on PUSCH for Case A for no valid measurement result, UE can have battery saving. However, if UE does not report CQI on PUSCH for Case B, UE does not have battery saving.  So Solution 1A, 2 and 5A have the battery saving.

For whether or not valid CQI measurement result is available before activation, we consider two scenarios.  The first scenario is that although UE is not required to do measurement in the deactivation state it does not mean that UE can not do measurement. Thus, depending on UE implementation UE may have the valid measurement results before the activation (i.e., before subframe n+8). The relative timing is shown in Fig. 1. The second scenario is that the SCell is already activated and an activation command is received as shown in Fig. 2; in the meanwhile, this SCell is re-activated again. (The re-activation action of this SCell is not clear in the current spec.)  For this SCell, it has the valid measurement results before subframe n+8.  It is possible that UE has the valid measurement result before the activation (i.e., subframe n+8). From this perspective, Solution 2 and Solution 4 would limit UE to report the valid CQI. 

Considering the above factors, we compare all the solutions in Table 1. 
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Fig. 1 An activation command for a deactivated SCell
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Fig. 2 An activation command for an activated SCell
Table 1  Comparisons among the solutions
	
	eNB detection
	UE battery saving 

(send CQI report or not)
	UE has valid measurement result before activation.

	Solution 1A:

UE does not report CQI until it has valid CQI measurement result. And if the resource of CQI report is on PUSCH, it is reserved.
	CQI on PUCCH 
eNB needs to detect whether CQI is reported on PUCCH
	CQI on PUCCH

Battery saving for no valid measurement results.
	Can provide valid CQI for both PUCCH and PUSCH cases.

	
	CQI on PUSCH 
eNB only needs to detect whether or not the CQI report is carried on the CQI resource of PUSCH.
	CQI on PUSCH
Battery saving for no valid measurement results.
	

	Solution 1B: 
UE does not report CQI until it has valid CQI measurement result. And if the resource of CQI report is on PUSCH, it is allocated for data.
	CQI on PUCCH 
eNB needs to detect whether CQI is reported on  PUCCH
	CQI on PUCCH

Battery saving for no valid measurement results.
	Can provide valid CQI for both PUCCH and PUSCH cases.

	
	CQI on PUSCH 
eNB needs to decode data twice to determine whether or not the CQI report is carried on PUSCH
	CQI on PUSCH

No battery saving for no valid measurement results.
	

	Solution 2:

UE does not report CQI until the second timing.
	eNB expects no CQI report on PUCCH or on PUSCH until the second timing
	CQI on PUCCH

Battery saving until the second timing
	Waste the measurement results.

	
	
	CQI on PUSCH
No battery saving
	

	Solution 3:

UE reports CQI=0 until it has valid CQI measurement result.
	eNB expects CQI report on PUCCH or on PUSCH.

eNB needs to differentiate the “no valid CQI measurement” from “out of range”. 
	No battery saving for both cases.

May waste energy to transmit CQI=0 if no valid measurement result.
	Can provide valid CQI for both PUCCH and PUSCH cases.

	Solution 4:

UE reports CQI=0 until the second timing.
	eNB expects CQI report, CQI=0, on PUCCH or on PUSCH until the second timing.

eNB does not need to differentiate the “no valid CQI measurement” from “out of range”.
	No battery saving for both cases

Waste energy to transmit CQI=0.
	Waste the measurement results.

	Solution 5A:

UE may optionally choose to not send CQI reports until the second timing.  And if the resource of CQI report is on PUSCH, it is reserved.
	CQI on PUCCH 
eNB needs to detect whether CQI is reported on  PUCCH
	CQI on PUCCH

Battery saving for not sending CQI report.
	If UE chooses not to report CQI, it wastes the measurement results.

	
	CQI on PUSCH 
eNB only needs to detect whether or not the CQI report is carried on the CQI resource of PUSCH.
	CQI on PUSCH
Battery saving for not sending CQI report.
	

	Solution 5B:

UE may optionally choose to not send CQI reports until the second timing. And if the resource of CQI report is on PUSCH, it is allocated for data.
	CQI on PUCCH 
eNB needs to detect whether CQI is reported on  PUCCH
	CQI on PUCCH

Battery saving for not sending CQI report.
	If UE chooses not to report CQI, it wastes the measurement results. 

	
	CQI on PUSCH 
eNB needs to decode data twice to determine whether or not the CQI report is carried on PUSCH
	CQI on PUSCH

No battery saving for not sending CQI report.
	


From the above analysis, Solution 1A has energy saving gain and less eNB detection overhead.  Solution 3 has less eNB detection overhead but needs to differentiate “no measurement result” from “out of range”. Thus, we prefer Solution 1A or Solution 3. However, since Solution 1A and Solution 3 may impact physical layer (RAN1 SPEC), we may need to respect RAN1’s decision. 

Proposal 1:  We kindly ask RAN2 to decide a solution for this issue from Solution 1A and Solution 3.
3 Conclusions

For the issue of CQI report at SCell activation, we have the following proposal:
Proposal 1:  We kindly ask RAN2 to decide a solution for this issue from Solution 1A and Solution 3.
Although this issue is also discussed in RAN1, we kindly ask RAN2 to decide a solution and send LS to inform RAN1 our decision.
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