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1. Introduction

Due to the introduction of carrier aggregation in LTE-A Rel-10, the reporting and triggering mechanisms for aperiodic CSI (i.e., CQI/PMI/RI) on PUSCH should be extended for multiple component carriers (CCs) scenarios.  In RAN1-#61bis, the discussion of aperiodic CSI (i.e., CQI/PMI/RI) reporting focused mainly on selecting which UL CC should convey the aperiodic CSI.  There were only limited discussions on the triggering of aperiodic CSI reporting in the case of multiple DL CCs; specifically, it was noted that the number of possible triggers for aperiodic CSI and the DL CC(s) to which they relate is FFS. 
In this contribution, we discuss the triggering mechanism for aperiodic CSI for multiple DL CCs using UL grants.
2. Triggering of Aperiodic CSI
Several methods for triggering aperiodic CSI reporting have been proposed in [1 - 4].  We discuss some possible methods below, categorised according to the overhead incurred by the aperiodic CSI request in the UL grant.
We also note that in principle it should be possible to trigger CSI for multiple DL CCs without having to send multiple UL grants. 

2.1. 5-bit overhead in UL grant
As mentioned in [1], a bit mapping method with a 5bit CSI-request field in every UL grant could be used to trigger the aperiodic CSI reporting for up to 5 activated DL CCs.  Note that RAN2 has agreed in 36.300 section 11.2 that a UE is not required to perform CQI measurements on deactivated CCs. Therefore if the number of activated DL CCs for the specific UE is less than 5, some bits in the 5-bit aperiodic CSI request field would be reserved.  
· Pros: 
· No unnecessary CSI reporting overhead since the eNodeB can request CSI reporting for only the CCs for which it is needed;

· Maximum flexibility, as CSI reporting can be requested for any combination of activated DL CCs;
· One UL grant is enough to trigger CSI for up to 5 DL CCs;

· Cons: 
· High overhead in the UL grants due to the fact that the 5-bit CSI-request field is present in every UL grant irrespective of the number of DL CCs for which CSI is actually needed.
· Not easily scalable to larger numbers of CCs in the future. 
2.2. 1-bit overhead in UL grant
By keeping the 1-bit field for aperiodic CSI request as in Rel-8, two different triggering mechanisms can be considered as follows:
a) Trigger aperiodic CSI reporting for one DL CC by its respective UL grant and trigger aperiodic CSI reporting for multiple DL CCs by multiple UL grants in one subframe or consecutive subframes.
· Pros: 
· No unnecessary CSI reporting overhead due to the fact that individual CSI reports can be triggered for each CC;

· Minimum overhead in UL grant if the number of CCs for which CSI is required is low or zero;

· Good flexibility, enabling aperiodic CSI to be triggered for any number of DL CCs;
· Cons:

· Significantly increased UL grant payload if CSI for multiple DL CCs is requested in one subframe without corresponding PUSCH data transmissions on their linked UL CCs.
· Significantly increased reporting delay multiple UL grants for aperiodic CSI requests for different DL CCs are sent in consecutive subframes.
· Not obvious how to trigger CSI reports for DL CCs in cases when there is no linked UL CC in DL-heavy aggregation scenarios. 

· Cannot trigger CSI reports for DL CCs that are configured for cross-carrier scheduling, when the UL grant is sent in the common search space (i.e. with no CIF). 

b) Trigger aperiodic CSI reporting for all activated DL CCs.

· Pros: 

· Minimum size for each UL grant;
· Low DL control signaling overhead irrespective of the number of DL CCs for which aperiodic CSI is actually needed;
· Cons:

· Inflexible reporting manners;

· Potentially suffers from desynchronisation of reporting format between UE and eNB because of timer-based deactivation.
  
2.3. Intermediate overhead in UL grant
In order to provide a way forward which trades off the overhead for aperiodic CSI request in each UL grant against the flexibility of triggering, we consider some compromise solutions: 
Alt 1: Using a bit mapping method with a limited number of bits (< 5) in every UL grant to trigger aperiodic CSI for activated DL CCs, where each bit is used to trigger aperiodic CSI reporting for a subset of the DL CCs.  The configuration of DL CCs into subsets would be semi-statically provided by RRC signalling.  For example, if a 3-bit field were to be provided for aperiodic CSI request in every UL grant, the 1st bit could be mapped to a subset consisting of CC1 and CC2, the 2nd bit to a subset consisting of CC3 and CC4 and the 3rd bit to a subset consisting of just CC5.
If the bit corresponding to a given subset was set to trigger CSI for that subset, CSI would only be reported for the activated CCs in the subset.

· Pros: 

· Reduced overhead in each UL grant compared to the 5-bit bitmap;

· No additional CSI reporting delay;

· Reasonably low DL control signaling overhead irrespective of the number of DL CCs requesting aperiodic CSI reporting;

· Flexible reporting to some extent, allowing aperiodic CSI to be triggered for certain combinations of activated DL CCs;
· Cons:

· Increased size of each UL grant compared to Rel-8;
· Some additional CSI reporting payload if not all DL CCs in one subset need aperiodic CSI reporting.

Alt 2: Each UL CC is always paired with one DL CC to compose a cell (SIB2 linkage), as illustrated in the example in Fig. 1.  Based on this, a CSI triggering bit-map with less than 5 bits could be used to trigger aperiodic CSI for the most useful DL CCs including,
· Any DL CC to which no UL CC is associated (e.g. CC3 in Fig. 1);
· Any DL CC for which the linked UL CC has no UL-SCH data transmissions (e.g., CC2 in Fig. 1).
Moreover, a priority order among the DL CCs could be provided by RRC signaling.  For the DL CCs that have UL-SCH data transmission on the linked UL CC (e.g., CC1 in Fig. 1), the UL grant can be used to trigger the aperiodic CSI reporting for its own DL CC.
For example, the 1st bit of the aperiodic CSI request field in CC1’s UL grant could be mapped to DL CC1, the 2nd bit to DL CC3 and the 3rd bit to DL CC2.  In the unlikely case 3-bits are not enough, it is straightforward to use additional UL grants to trigger CSI reports for the remaining CCs:
· Using a separate UL grant to trigger aperiodic CSI reporting for one DL CC, where only the 1st bit of aperiodic CSI request field is mapped to its own DL CC and other bits are reserved;
· Using multiple UL grants to trigger CSI for different DL CCs in different subframes.  
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Fig. 1
Illustration of DL/UL CC pair and cross-carrier scheduling

Therefore, Alt 2 combines the bit-mapping method for the most useful DL CCs and individual UL grant triggering for DL CCs with UL-SCH data transmission on their linked UL CCs.

· Pros: 

· Tolerable size of each UL grant;

· No CSI reporting delay (unless muliple subframes are used);

· No unnecessary CSI reporting payload for CCs for which CSI is not needed;  

· Good flexibility
·  Cons:

· Increased size of each UL grant compared to single bit;

· Additional UL grants may be needed if the limited number of bits in the CSI request field is not sufficient to trigger CSI for all the DL CCs for which CSI is needed;
Alt 3:  Each value of the limited number of bits in the CSI-request field could be assigned a different meaning, rather than simply using it as a bit-map. 

For example, with a 2-bit CSI-request field, one value could be used to trigger CSI just for the DL CC carrying the UL grant, one value could be used to trigger CSI for all activated carriers, one value could be used for no CSI request at all and the other value could be used for different RRC-configured subsets of the DL CCs. 

This allows the additional overhead in the UL grant to be kept very small, while still allowing significant flexibility as in Alt 2. 

3. Aperiodic CSI trigger bits in DCI messages 
The additional bits could be present in all uplink grant messages, including DCI format 0. This would mean that the DCI Format 0 for Rel-10 UEs would be slightly larger than for Rel-8 UEs. 

On the other hand, if it is desired to keep the DCI Format 0 for Rel-10 UEs the same size as for Rel-8 UEs, the additional bits could be included in DCI Format 0 only when it is in the UE-specific search space (similar to the CIF field). In this case, only 1 bit would be available in DCI format 0 in the common search space, and it would be necessary to decide whether this 1 bit should trigger CSI for all activated CCs or only for the CC carrying the grant. In this case, our preference would be for DCI Format 0 in the common search space to trigger CSI for all activated CCs, because otherwise any CC that was configured to be cross-scheduled from another CC could not have aperiodic CSI triggered via PDCCH in the common search space. 
4. Conclusions

In this contribution, we discuss various possible triggering mechanisms for aperiodic CSI reporting for multiple DL CCs.  
We note that RAN2 has decided that CSI reports are not sent for deactivated DL CCs. 

Considering the tolerable UL grant size, limited DL control signaling overhead, low additional CSI reporting payload, we propose:
· The CSI request field in the UL grant is increased to 2 bits (or possibly 3 at most), preferably in both the common search space and the UE-specific search space, but in any case at least in the UE-specific search space. 

· One value of the CSI request field triggers an aperiodic CSI report for the DL CC carrying the UL grant. 
· One value of the CSI request field triggers aperiodic CSI reports for all the activated DL CCs. 
· One value of the CSI request field denotes no aperiodic CSI request at all.
· The other value(s) of the CSI request field can be assigned by RRC signalling to correspond to subsets of the configured DL CCs. 
· If the CSI request field triggers CSI reports for one of these subsets, CSI reports are only sent for the activated DL CCs in the subset. 
· If the CSI request field in the UL grant is not increased in the common search space, the 1-bit trigger should trigger CSI for all activated CCs.
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� If timer-based implicit deactivation is used, the UE and eNB may have different understandings of which CCs are activated.  Thus, a misalignment may occur between aperiodic CSI reporting at the UE and aperiodic CSI decoding at the eNB, which would results in the PUSCH data and UCI being incorrectly received.
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