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1 Introduction
In RAN1#63 the feedback content and signalling details for periodic channel state information reporting (PUCCH CQI/PMI/RI reporting) within one component carrier were finalized in [1]. Accordingly the following report types are supported in Rel-10 [1]:

· Type 1 report supports CQI feedback for the UE selected sub-bands 
· Type 1a report supports subband CQI and second PMI feedback 
· Type 2, Type 2b, and Type 2c report supports wideband CQI and PMI feedback.
· Type 2a report supports wideband PMI feedback
· Type 3 report supports RI feedback

· Type 4 report supports wideband CQI
· Type 5 report supports RI and wideband PMI feedback (or W1)
· Type 6 report supports RI and PTI feedback
On the other hand, how to transmit periodic CQI/PMI/RI feedback is still unresolved with only a baseline having been agreed in RAN1#61bis for configuring different (in time) PUCCH resources for reports for each cell.This implies that depending on the report configurations, channel state information (CSI) corresponding to different cells may or may not collide in time. A simple example of CSIs of different cells colliding in time can be seen more clearly in Figure 1.
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Figure 1: Collision between PUCCH resources from different DL CCs

In the case when multiple CSIs of different cells collide in time, either by design or because this cannot be avoided, depending on whether there is PUSCH resource in that particular subframe, the UE may take different actions. 

In this contribution, we discuss further details and possible procedures in particular addressing the case when CSI of different cells collide in time and there is a PUSCH available resource in that subframe. 
2 Discussion

In case that a PUSCH resource is available in the subframe where multiple CSIs of different cells collide, CQI/PMI/RI from multiple DL cells can be reported together on that PUSCH resource. In this scenario, how the UE reports CQI/PMI/RI from multiple DL cells on the PUSCH resource needs to be resolved.

In general, there are two possible procedures:

Alt. 1: The UE jointly encodes all the information bits and maps the jointly encoded bits onto the CQI region on a PUSCH. 
Alt. 2: The UE groups the feedback content from the number of CSI reports into two categories: RI related category and CQI/PMI category. That is:
· RI related category: Type 3 report, Type 5 report, and Type 6 report

· CQI/PMI category: Type 1 report, Type 1a report, Type 2 report, Type 2a report, Type 2b report, Type 2c report, and Type 4 report
The feedback contents in each category are jointly encoded and the modulation symbols generated from the coded bits are mapped to a corresponding region on PUSCH, either on RI region or CQI region depending on the category, as shown in Figure 2. 
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Figure 2: UCI mapping on PUSCH

If 5 Type 5 reports are scheduled in one subframe, there will be altogether 25 bits to be piggybacked in the RI region. In order to provide better protection for the RI region, the following three options exist to reduce the payload:

· Alt. 2.1: the UE jointly encodes the information bits in Type 5 report (if any) with the other CQI reports’ information bits and maps onto the CQI region on a PUSCH. 
In this way, the maximum payload in the RI region will be 20 bits instead of 25 bits allowing the use of dual-RM coding. However, the drawback of this option is that the protection of Type 5 report will be weakened. 
· Alt. 2.2: the Type 5 report is separated into two sets of information bits: RI and W1.

· The RI is mapped to the RI region and the W1 is mapped to the CQI region on the PUSCH. 
· An example of splitting the information into RI (a 3-bit RI, b11 b12 b13) and W1 (a 3-bit PMI, b21 b22 b23) is shown in Table 1: 
Table 1 Splitting the RI+W1 information into RI and W1

	[b11 b12 b13]
	RI
	
	[b21 b22 b23]
	i1 (W1) values

	
	
	
	
	

	000
	1
	
	000
	0

	001
	2
	
	001
	4

	010
	3
	
	010
	6

	011
	4
	
	011
	8

	100
	5
	
	100
	10

	101
	6
	
	101
	12

	110
	7
	
	110
	14

	111
	8
	
	111
	2


In this option, both RI and W1 are well protected even though the code rate of W1 for high rank transmission is low.  
· Alt. 2.3: the UE encodes the three most significant bits for Type 5 reports together with other RI related information (Type 3 report and/or Type 6 report) and places the jointly encoded bits in the RI region while jointly encoding the remaining payloads of the Type 5 reports together with other PMI/CQI related information and placing them in the CQI region. 

The specific structure of joint encoding of RI + W1 (Table 7.2.2-1E in [3]) is shown in Table 2.
Table 2: Joint encoding of RI and 
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	values

	0-7
	1
	{0,2,4,6,8,10,12,14}

	8-15
	2
	{0,2,4,6,8,10,12,14}

	16-17
	3
	{0,2}

	18-19
	4
	{0,2}

	20-21
	5
	{0,2}

	22-23
	6
	{0,2}

	24-25
	7
	{0,2}

	26
	8
	{0}

	27-31
	reserved
	NA


From Table 2, the operational meaning of the first 3 most significant bits can be related to the RI information as shown in Table 3:

Table 3: Relationship between MSBs and RI for type 5 reports

	First MSB
	Second MSB
	Third MSB
	Corresponding RI

	0
	0
	0
	RI = 1

	
	
	1
	RI = 1

	
	1
	0
	RI = 2

	
	
	1
	RI = 2

	1
	0
	0
	RI = 3 or 4

	
	
	1
	RI = 5 or 6

	
	1
	0
	RI = 7 or 8

	
	
	1
	NA


 Accordingly, these three bits should be well protected compared the rest of payload of type 5 reports. 
Overall, all the three options can reduce the payload in the RI region. Alt. 2.2 and Alt. 2.3 seem to be preferable due to the better protection of RI related feedback information. 

3 Conclusion

This contribution discussed issues related to periodic CSI reports for carrier aggregation. In case there is a PUSCH resource in the subframe where CSIs of multiple cells collide, either by design or because this cannot be avoided, potential procedures for piggybacking the CSIs in the PUSCH resource are described. Pros and cons for each option is discussed. Alt. 2.2 and Alt. 2.3 seem to achieve good tradeoffs between design simplicity and RI protection.
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