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1. Introduction

In RAN1#63bis meeting, periodic CSI (CQI/PMI/RI) transmission on PUCCH for CA was discussed and followings were agreed for periodic CSI reporting for CA:
· When simultaneous PUCCH + PUSCH is not configured:

· Periodic CQI/PMI/RI is reported for only one DL component carrier (CC) in one subframe

· For which DL CC is determined according to a priority:

· Prioritise between CCs based on reporting mode/type

· If the reporting mode/type is the same, prioritize by RRC-configured priority between CCs

· The same priority rule applies to both the case without PUSCH and the case with PUSCH

· CQI/PMI/RI for other DL component carriers is dropped

From the agreement, we can see that DL CC for periodic CQI/PMI/RI reporting is determined according to a priority based on reporting mode/type and then RRC-configured priority. However, since several periodic PUCCH reporting modes and types are defined in [1], it is necessary to arrange a detailed DL CC selection priority based on reporting mode/type. In this contribution, we discuss the details on DL cell selection priority definition for periodic CQI/PMI/RI reporting based on reporting mode/type.
2. DL Cell Determination Priority based on Reporting Mode/Type
For periodic PUCCH reporting, four reporting modes (i.e. Mode 1-0, 2-0, 1-1 and 2-1) are currently defined [1]. Also, for transmission mode 9, three reporting modes (i.e. Mode 1-1 submode 1, Mode 1-1 submode 2 and Mode 2-1 for TM9) are additionally applied in Rel-10. As shown in table 1, each reporting mode is composed by reporting types.
Table 1. Reporting mode definition according to reporting types
	Reporting mode
	Reporting Type

	Mode 1-0
	Type 3 (RI)
	Type 4 (wb CQI)
	　-

	Mode 2-0
	Type 3 (RI)
	Type 4 (wb CQI)
	Type 1 (sb CQI)

	Mode 1-1
	Type 3 (RI)
	Type 2 (wb CQI, wb PMI)
	　-

	Mode 2-1
	Type 3 (RI)
	Type 2 (wb CQI, wb PMI)
	Type 1 (sb CQI)

	Mode 1-1 submode 2
	Type 3 (RI)
	Type 2c (wb CQI, wb 1st PMI, wb 2nd PMI)
	　-

	Mode 1-1 submode 1
	Type 5 (RI, wb 1st PMI)
	Type 2b (wb CQI, wb 2nd PMI)
	　-

	Mode 2-1 for TM 9
	Type 6 (RI, PTI)
	Type 2a (wb 1st PMI)
	Type 2b (wb CQI, wb 2nd PMI)

	
	
	Type 2b (wb CQI, wb 2nd PMI)
	Type 1a (sb CQI, sb 2nd PMI)


For peiodic CSI reporting in case of single carrier, since reporting type 3, 5 or 6 has the longest period (
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) and information of type 1, 1a, 2, 2a, 2b and 4 should be determined based on reported RI, wb 1st PMI or PTI, it is described in [1] that in case of collision of PUCCH reporting type 3, 5, or 6 with 1, 1a, 2, 2a, 2b, 2c, or 4 the latter PUCCH reporting types (1, 1a, 2, 2a, 2b, 2c, or 4) have lower priority and are dropped.
For periodic CSI reporting in case of carrier aggregation, since it is decided that the set of higher-layer configuration parameter for periodic PUCCH reporting are independently configured for each DL component carrier, more various collision cases of reporting types or reporting modes can occur. For example, the collision case between the PUCCH reporting type 1 and 2 which not occur in case of single carrier has to be considered in case of carrier aggregation.. 
From the agreement in RAN1#63bis, there still remains the possibility of DL cell selection according to a priority based on reporting mode. However, if a DL cell selection priority for periodic CQI/PMI/RI reporting based on reporting mode is applied as a preceding [image: image3.wmf]

condition

condition, the frequent dropping case of essential reporting information for a given activated DL cell could not be prevented. Moreover, for the same reporting type collision cases, we already have the RRC configured DL cell selection priority rule for periodic CQI/PMI/RI reporting. From our technical perspective, it is very unclear to have a DL cell selection priority based on reporting mode in case of carrier aggregation. On the other hands, a reporting priority rule only based on reporting type is very advantageous in terms of effectiveness and simplicity on specification. Considering the importance of reporting information and the collision capability in case of carrier aggregation, first of all, the reporting types can be grouped and prioritized as follows:

RI (type 3, 5, or 6) > wideband CQI/(PMI) (type 2, 2a, 2b or 2c) > subband CQI/(PMI) (type 1 or 1a) [2,3]. 
Proposal 1: In the case of carrier aggregation, for the reporting types with the highest priority (e.g. type 3, 5 or 6) to keep the reporting priority, a DL cell should be determined according to a priority based on reporting type.
Proposal 2: The reporting types can be prioritized according to reporting type group (i.e. RI > wideband CQI/(PMI) > subband CQI/(PMI)).
In RAN1#63 meeting, reporting period in periodic PUCCH reporting mode 2-1 for transmission mode 9 is decided [4]. Reporting period is determined according to reporting type and PTI configuration. According to the agreement, reporting type 6 (RI, PTI) has a period of 
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. In case of PTI=0, type 2a (wb 1st PMI) has a period of 
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and type 2b (wb 2nd PMI and wb CQI) has a reporting instance of 
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 and type 1a has a reporting instance of 
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(a) In the case of PTI = 0
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(b) In the case of PTI = 1
Figure 1. Periodicity of reporting mode 2-1 for transmission mode 9

The figure 1 shows an example of periodicity of PUCCH reporting mode 2-1 assuming M=2 for transmission mode 9 with 8-ports CSI-RS. As shown in the figure 1(a), the type 2a may have the same periodicity with that of type 2b in the case of PTI=0. Furthermore, the reporting period of type 2a could be even shorter than that of type 2b in the case of PTI=1 as shown in the figure 1(b). If we simply follow the prioritization rule mentioned above in which a reporting type having longer periodicity has a higher priority, the reporting type 2b should be higher priority as compared with type 2a. However, due to a specific codebook structure of 8Tx, the type 2a contains long-term spatial channel information while type 2b is more related to short-term spatial channel information, thus it seems to be natural that the type 2a should be highly prioritized than other reporting types in mode 2-1 other than type 6. Therefore, we can generalize the rules in PUCCH reporting mode 2-1 with the case of carrier aggregation that the reporting type 2a has higher reporting priority than the reporting types 1, 1a, 2, 2b, 2c and 4.

Proposal 3: Type 2a should have higher reporting priority than type 1, 1a, 2, 2b, 2c and 4.
DL CC Determination Rule
Based on the aforementioned our proposals, we can illustrate the overall DL cell selection priority for periodic CQI/PMI/RI reporting in case of carrier aggregation as follow:
· For which DL cell is determined according to a priority:
· Prioritize between activated DL cells based on reporting type
·  Reporting types are prioritized according to Group A > B > C > D

· Group A: Reporting types including RI (type 3, 5 and 6)

· Group B: Reporting types including wideband 1st PMI without CQI (type 2a)

· Group C: Reporting types including wideband CQI (type 2, 2b, 2c and 4)

· Group D: Reporting types including subband CQI (type 1 and 1a)
·   If the priority of reporting type is the same, prioritize by RRC-configured priority between activated DL cells
· CQI/PMI/RI for other DL cells is dropped
In addition, the following text proposal in Section 7.2.2 on TS36.213 can be described for more than one activated DL cells:
· In case of collision of PUCCH reporting type 3, 5, or 6 with 1, 1a, 2, 2a, 2b, 2c, or 4 the latter PUCCH reporting types (1, 1a, 2, 2a, 2b, 2c, or 4) have lower priority and are dropped [1].
· In case of collision of PUCCH reporting type 2a with 1, 1a, 2, 2b, 2c, or 4 the latter PUCCH reporting types (1, 1a, 2, 2b, 2c, or 4) have lower priority and are dropped.

· In case of collision of PUCCH reporting type 2, 2b, 2c, or 4 with 1 or 1a the latter PUCCH reporting types (1, 1a) have lower priority and are dropped.
In case of collision of same PUCCH reporting types, the PUCCH reporting type with [the highest priority which is configured by higher layer between activated DL cells] is reported, and the CQI/PMI/RI for other DL cells is dropped.
3. Conclusion
In this contribution, we discussed the remaining details of DL CC determination according to a priority based on reporting mode/type for carrier aggregation. From the discussion, we can conclude as follow:
· Proposal 1: In the case of carrier aggregation, for the reporting types with the highest priority (e.g. type 3, 5 or 6) to keep the reporting priority, a DL cell should be determined according to a priority based on reporting type.

· Proposal 2: The reporting types can be prioritized according to reporting type group (i.e. RI > wideband CQI/(PMI) > subband CQI/(PMI)).

· Proposal 3: Type 2a should have higher reporting priority than type 1, 1a, 2, 2b, 2c and 4.
· Proposal 4: If the same reporting types are collided, a DL CC for periodic CQI/PMI/RI reporting is selected by RRC-configured priority between activated DL cells
Based on the abovementioned proposals, we propose the text proposal in Section 7.2.2 on TS36.213 for more than one activated DL cells as follows:

· In case of collision of PUCCH reporting type 3, 5, or 6 with 1, 1a, 2, 2a, 2b, 2c, or 4 the latter PUCCH reporting types (1, 1a, 2, 2a, 2b, 2c, or 4) have lower priority and are dropped.
· In case of collision of PUCCH reporting type 2a with 1, 1a, 2, 2b, 2c, or 4 the latter PUCCH reporting types (1, 1a, 2, 2b, 2c, or 4) have lower priority and are dropped.

· In case of collision of PUCCH reporting type 2, 2b, 2c, or 4 with 1 or 1a the latter PUCCH reporting types (1, 1a) have lower priority and are dropped.
· In case of collision of same PUCCH reporting types, the PUCCH reporting type with [the highest priority which is configured by higher layer between activated DL cells] is reported, and the CQI/PMI/RI for other DL cells is dropped.
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