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1. Introduction

In RAN1 #61bis meeting, the following with respect to aperiodic CSI triggering have been left FFS:
· which DL CC(s) an aperiodic CSI report relates to.

· the number of possible triggers for aperiodic CSI and the DL CC(s) to which they relate is FFS. 
In RAN1 #62bis meeting, the issues have been discussed in many contributions. 
In this contribution we share our views on these two problems.

2. Discussion
2.1. The number of possible triggers
Concerning the number of possible triggers, at most one trigger in one subframe is preferred because
· Since UCI on PUSCH should be carried on PUSCH scheduled by an UL grant containing a trigger, if exists, multiple triggers require an additional rule to determine which one among multiple PUSCHs scheduled by the corresponding UL grants containing the triggers to transmit UCI.
· Since eNB has to perform PUSCH DTX detection before UCI detection to figure out whether any trigger is missed, multiple triggers naturally require parallel PUSCH DTX detections on the corresponding multiple CCs.
· One trigger instead of  multiple triggers for multiple DL CCs is under discussion.
Proposal 1: There is at most one trigger for aperiodic CSI reporting for one UE in one subframe.

2.2. Which DL CC(s) an aperiodic CSI report relates to
To our standing, the question which DL CC(s) an aperiodic CSI report is requested for actually involves two issues, 

· cross-carrier triggering

· one-to-many triggering 

Cross-carrier triggering

Cross-carrier triggering is mainly used to trigger an aperiodic CSI report for an ‘unpaired DL CC, i.e. a DL CC configured/activated for a UE but whose linked UL CC is not configured/activated for the same UE.
At least four methods have been proposed:

Option 1: When cross-carrier scheduling is configured, the CIF included in the triggering PDCCH is used to identify for which DL CC the CSI report is requested.
Option 2: A bitmap or an indicator in UL grant is used to indicate the intended DL CC.
Option 3: The unpaired DL CC is bundled with a specific DL CC, e.g. DL PCC and upon a trigger for the specific DL CC, UE would feedback a CSI report for them all.
Option 4: It is determined by the subframe timing of the triggering PDCCH.
In our view, option 1 has been widely accepted, i.e. cross-carrier triggering by CIF. This way would not cause too much extra signalling overhead or scheduling restriction. 
When CIF in the triggering PDCCH is used to indicate the DL CC, PUSCH scheduled by this triggering PDCCH should be transmitted on a default UL CC, e.g. 
· UL PCC
· the UL CC SIB-2 linked to the DL CC on which triggering PDCCH is transmitted
· It means the unpaired DL CC cannot be configured as PDCCH CC.
It is FFS whether cross-carrier triggering should be supported when cross-carrier scheduling is not configured, i.e. without CIF included in PDCCH. Maybe once any unpaired DL CC is configured/activated for a UE, cross-carrier scheduling must be configured.
However, if the same triggering flexibility needs to be provided, option 2-4 could be considered. 

For option 2, without increasing DCI format size, an x-bit indicator (e.g. 3-bit) can be extracted from the existing field(s) in UL grant with a positive CQI request to indicate for which DL CC the CSI report is requested. That means, cross-carrier triggering is realized at a price of scheduling restriction.

Option 3 may result in some redundant CSI reports and of course, uplink resource waste. However, it is beneficial for downlink capacity, esp. considering that asymmetrical carrier aggregation is configured for the UE, implying high downlink traffic burden. 

Option 4 ties DL CC to subframe number, which complicates the timing of scheduling.
Note that option 2 or 3 or 4 can work independently or can be combined with option 1. For example, option 1 is used when cross-carrier is configured and option 3 is used when cross-carrier is not configured.
One-to-many triggering 

It is FFS whether one-to-many triggering should be supported. By one-to-many triggering, multiple DL CCs’ CSI would be reported upon a single trigger, e.g. CSI for all activated DL CCs. 

The main benefits from this are less reporting delay and less triggering overhead. Considering a use case of heavily asymmetrical downlink/uplink load, eNB has much downlink data and schedules multiple DL CCs for a UE. Then eNB may trigger UE to feedback CSI report for multiple DL CCs. But UE has few uplink data to transmit. In that case, one-to-one triggering is obviously not an efficient way to trigger aperiodic CSI reporting.  

However, as there is already periodic CSI reporting, aperiodic CSI reporting is just a complementary and optimization method. To feedback CSI report for all activated DL CCs of a UE upon every trigger could be unnecessary and a waste of uplink resource. High overhead may also degrade uplink signaling/data performance and uplink capacity. 

So it is proposed that eNB configure (by higher layer signalling) or indicate (by dynamic L1/L2 control signalling) a UE to feedback a CSI report for one DL CC or for multiple DL CCs in one subframe upon one trigger.
Proposal 2: eNB configures (by higher layer signalling) or indicates (by dynamic L1/L2 control signalling) a UE to feedback a CSI report for one DL CC or for multiple DL CCs in one subframe upon one trigger.
In our view there are already 3 viable approaches of one-to-many triggering. 
Alt.1: One-to-many triggering is configured by higher layer signalling.
Alt.2: One-to-many triggering is indicated by UL grant with a positive CQI request.

For example, a 1-bit flag is extracted from the existing field in UL grant with a positive CQI request. Or an available code point related to the trigger is used to implicitly inform UE to feedback multiple DL CCs’ CSI.

An alternative is to restrict a CSI report for multiple DL CCs to CSI-only transmission on PUSCH without UL-SCH data, i.e. to restrict one-to-many triggering to CQI-only request. That means a normal aperiodic CQI request is only used to trigger a CSI report for a single DL CC while a CQI-only request is used to trigger a CSI report for multiple DL CC, e.g. all activated DL CCs. 
In DCI format 0 CQI-only request could be in a similar way in Rel-8 by setting CQI request bit = “1”, IMCS = 29 and NPRB ≤ 4. In DCI format 4 small modification would be needed [1]. Whether the value of NPRB should be increased is FFS.
Alt.3: One-to-many triggering is indicated by an x-bit indicator or by CIF.

If cross-carrier triggering is supported by CIF and by an x-bit indicator separately, depending on whether cross-carrier scheduling is configured or not, specific value(s) of the indicator and CIF is assigned to denote one-to-many triggering.
If CSI for only part but not all of activated DL CCs is reported simultaneously upon a trigger, i.e. a subset of DL CCs is predefined or configured,  

· for Alt. 1 and Alt. 2, which subset of DL CCs is requested for is based on:

· which UL CC is scheduled by the UL grant
· which DL CC the UL grant is transmitted on

· for Alt. 3, which subset of DL CCs is requested for is based on the specific value of the indicator and CIF.
3. Conclusions

In this contribution, aperiodic CSI triggering for carrier aggregation is discussed. We have the following proposals:
Proposal 1: There is at most one trigger for aperiodic CSI reporting for one UE in one subframe.
Proposal 2: eNB configures (by higher layer signalling) or indicates (by dynamic L1/L2 control signalling) a UE to feedback a CSI report for one DL CC or for multiple DL CCs in one subframe upon one trigger.
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