
3GPP TSG RAN WG1 #61bis
        

              R1-103652
Dresden, Germany, June 28 – July 2, 2010
Agenda item:
6.2.8
Source: 
Samsung 

Title: 



Aperiodic CQI Activation in CA
Document for:
Discussion and Decision
1 Introduction

This contribution discusses issues on aperiodic CQI activation in carrier aggregation cases. In LTE Rel-8, aperiodic CQI reporting can be activated by 1 bit signaling in the UL grant. In case of carrier aggregation for LTE-A, it seems difficult to re-use the LTE Rel-8 method to activate aperiodic CQI reporting. For example, in cases that more DL CCs are configured than UL CCs, the LTE Rel-8 activation mechanism cannot be used for DL CCs which are not linked to any UL CC. Thus, in this contribution, we consider several cases of DL and UL CC combinations and discuss issues related to supporting of the aperiodic CQI activation for each of those cases.
2 Aperiodic CQI reporting under carrier aggregation
2.1 Need for aperiodic CQI reporting
When the eNB activates multiple DL CCs to a UE, the number of DL CCs used for PDSCH transmission in a subframe may vary depending on required data rate, QoS and channel quality in each DL CC, etc. Considering these aspects, the eNB schedules PDSCH on a subset of DL CCs among all activated DL CCs. 
In order to be aware of the channel status of each activated DL CC, the eNB can utilize periodic CQI reporting from the UE. The eNB could set periodicity of periodic CQI reporting for each DL CC independently, e.g., short periodicity for DL which would be frequently scheduled, but relatively long periodicity for DL CCs which would be less frequently scheduled.
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Figure 1: A subset of DL CCs scheduled in a subframe among the activated DL CCs.
In Figure 1, although the UE has four DL CCs activated, it is scheduled PDSCH on one DL CC, DL CC1, in a subframe. If, due to a traffic burst, the eNB needs to increase the DL transmission data rate for the UE, it can use additional DL CCs to transmit data (e.g. DL CCs 2-4 in Figure 1). However, if the additional CCs have long periodicity for periodic CQI reporting, the eNB has to wait to receive periodic CQI reporting for additional CCs. In this case, if aperiodic CQI reporting for additional DL CCs is supported, then eNB can schedule the DL data quickly on the other DL CCs based on the channel quality information obtained from the aperiodic CQI feedback.
In LTE Rel-8, aperiodic CQI is activated by 1 bit signaling from DCI format 0 and one DL CC is linked with one UL CC. On the other hand, in LTE-A, a one-to-one linkage between DL CCs and UL CCs cannot be generally assumed due to carrier aggregation and introduction of CIF (e.g. DL heavy asymmetric configuration). 
2.2 Support of aperiodic CQI reporting 
In RAN1 #60, two options regarding the linkage between PDSCH/PUSCH and PDCCH were identified [2] and in RAN1 #60b, only option 1 was agreed as working assumption. Aperiodic CQI reporting is discussed considering option 1 for the following cases:
a) Case 1: CIF is included with Option 1
b) Case 2: CIF is not included with Option 1
Case 1: CIF is included with Option 1
In Option 1, the UE only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC. It means that one UL CC is linked with only one DL CC and PDSCH in a DL CC is scheduled by PDCCH on only one DL CC. 
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Figure 2: An example for the linkage between DL CCs and UL CCs in case 1.
Figure 2 shows an example for the linkage between DL CCs and UL CCs in option 1 when CIF is included. In Figure 2, the solid line indicates the linkage between the UL CC and DL CC. The arrow lines indicate the linkage between the DL CCs carrying PDCCH and PDSCH. For example, PUSCH on UL CC1 is scheduled by PDCCH on DL CC1 while PUSCHs on UL CC2 and UL CC3 are scheduled by PDCCH on DL CC2. Also, PDSCH on DL CC3 are cross-carrier scheduled by PDCCH on DL CC2 while PDSCHs on DL CC1 and DL CC2 are scheduled by PDCCH on DL CC1 and DL CC2 respectively. Note that the eNB transmits DL assignments and UL grants only on DL CC1 and DL CC2. 
For the configuration in Figure 2, aperiodic CQI activation for DL CC1 and DL CC2 is possible using the Rel-8 approach but aperiodic CQI for DL CC2 is transmitted on the UL CC indicated by the CIF of the UL grant between UL CC2 and UL CC3. On the other hand, how to activate aperiodic CQI for DL CC3 is not clear because an UL grant is not transmitted on DL CC3 and DL CC3 is not linked with any UL CC. 
Case 2: CIF is not included with Option 1
Second, the case that CIF is not quite necessary and thus is not included with option 1 is considered.
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Figure 3: An example for the linkage between DL CCs and UL CCs in case 2.
Figure 3 shows an example for the linkage between DL CCs and UL CCs in option 1 when CIF is not included. PUSCH cannot be scheduled on DL CC4 because DL CC4 is not linked with any UL CC. Aperiodic CQI for DL CC1, DL CC2 and DL CC3 can be activated and transmitted as in LTE Rel-8. On the other hand, support for aperiodic CQI activation and reporting for DL CC4 is unclear since DL CC4 neither schedules PUSCH transmission nor has any linked UL CC. 
Considering the above 2 cases, one possible solution is to always report CQI for all activated DL CCs whenever aperiodic CQI is requested on a DL CC [1] at the expense of increasing the UL signaling overhead for CQI reporting. Another approach is to utilize existing L1/L2 control signaling but a drawback is that the aperiodic CQI activation procedure can become complicated to support DL CCs which are not linked to any UL CC.
3 Conclusions
This contribution discusses support of aperiodic CQI triggering and reporting in CA scenarios. In some DL/UL CC configurations, the LTE Rel-8 CQI request field cannot be used for aperiodic CQI reporting. The following approaches are for further investigation to support aperiodic CQI activation in CA scenarios: 
· Aperiodic CQI reporting is always for all activated DL CCs using the LTE Rel-8 CQI request field.
· CC-specific aperiodic CQI activation is supported.
References:
[1] R1-101262, “Aperiodic CQI Reporting for Carrier Aggregation”, Panasonic, HTC
[2] R1-101661, “Summary from email discussion on CIF”, Ericsson
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































UL CC3





UL CC2





UL CC1





DL CC4





DL CC3





DL CC2








DL CC1








UL CC3





UL CC2





UL CC1








DL CC3





DL CC2





DL CC1





DL CC4




















DL CC3




















DL CC2
































DL CC1











PAGE  
1

[image: image1]