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1
Introduction

In R8, the network can request an aperiodic CSI report by setting the “CQI request” field in a DCI format 0 or in a Random Access Response Grant (for non-contention-based procedure). 

This contribution discusses how the aperiodic CSI reporting mechanism of R8 should be extended in case the UE is configured with multiple carriers. Various triggering alternatives are surveyed and analyzed against selected criteria. Our preference is to adopt a mechanism that always allows the reporting for a single DL carrier at a time.
The case of the aperiodic CSI request in the RAR grant is also addressed. It is proposed that the UE reports the CSI of the primary cell in this situation.
2
Requirements
With carrier aggregation the UE measures CSI for each activated carrier. Thus one obvious question is whether PUSCH in a single subframe can always contain the aperiodic CSI reports of all activated carriers or not. In the latter case there would be need for some mechanism to indicate or prioritize the DL carriers for which CSI is to be reported.

The link budget is the main factor that limits the amount of reporting in a given subframe. In case of spatial multiplexing in R8, the required number of bits for a 20 MHz carrier ranges between 29 bits and 64 bits depending on the feedback type and number of antenna ports. If the aperiodic report were to be provided for all configured carriers in the same subframe, this number could easily exceed 100 bits. As this is not achievable for all UEs in the cell, it would clearly be desirable that the UE can provide the aperiodic CSI report for a subset (possibly single) carrier in a subframe.
Proposal 1: In a given subframe, aperiodic CSI can be reported for a subset of the activated DL carrier(s).

The indication of the DL carrier(s) to report could be realized using physical layer signalling. However, it would seem important to not degrade the PDCCH link performance to support this functionality, if this can at all be avoided. Thus, a starting point for selecting a solution could be that it doesn’t require an increase of the size of the DCI format.

Proposal 2: Size of DCI format should not be increased for the purpose of indicating the DL carrier(s) to be reported.
3
Alternatives for indicating the DL carrier(s)
In this section we describe and briefly discuss several possible solutions that satisfy the above requirements. Some of these solutions have already been outlined in previous contributions [1]-[12].
3.1
Semi-static selection only
One solution could be that higher layer (i.e. RRC) indicates, for each DL carrier, whether its CSI would be included in the aperiodic report (when triggered) and, if yes, the reporting mode to use. This solution is very simple and does not require any change to the triggering mechanism. However, an obvious drawback is that an RRC reconfiguration procedure would be required every time the network would want to change the carrier(s) for which the detailed CSI report can be obtained. It would be preferable to avoid the overhead of the RRC procedure (15 ms from the end of the reception of the message) and associated delay.
3.2


Explicit indication

Another solution consists of explicitly indicating the DL carrier(s) to be reported in a field of the PDCCH transmission. This can be realized without increasing its size by using one of the following approaches:

a) Reusing an existing field, such as the TPC field, when the CQI request field is set. Reusing the TPC field would provide 4 codepoints that can be used to indicate up to 4 subsets of DL carriers. This allows DL carriers to be reported individually, if so desired, except in the case of 5 configured carriers. A drawback is that the TPC field would not be available for transmit power control purposes. However, this may be tolerable if aperiodic CSI is not requested very frequently. Another possibility could be to reuse the Cyclic shift for DM RS field.
b) Defining codepoints of an existing field that are currently unused. For instance:

- CIF field [9]: at least 3 codepoints of this field are available if the maximum number of UL carriers is 5. These codepoints could be used to indicate a subset of DL carrier(s) to report and the UL carrier to which the grant apply could be the same for these codepoints. However, this approach is only available if CIF is configured. 

- RIV field: some codepoints are available from the fact that they do not correspond to a valid grant in R8/9. These could be used to indicate a subset of DL carriers along with a valid grant (according to some newly defined rule). However, since the number of these codepoints is lower than the number of possible RB allocations there would be a loss of flexibility when the network wants to issue a grant and request aperiodic CSI. This approach would also require a lot of specification work for optimizing the mapping for these codepoints.
3.3


Implicit indication
The subset of DL carrier(s) could also be implicitly indicated by some property of the PDCCH transmission other than a field value. Three alternatives with this type of solution are:
c) Indication by the (subframe-level) timing of the PDCCH transmission containing the CQI request [3][4]. For instance, in the case of 2 DL carriers, reception in an odd-numbered subframe could trigger reporting of DL carrier #1 while reception in an even-numbered subframe could trigger reporting of DL carrier #2. This approach increases the latency of the reporting, since the network has to wait for the right subframe to transmit the request, but this increase may not be very significant (e.g. at worse 5 ms if 5 carriers are configured to be reported individually).
d) Indication by the DL carrier from which the grant containing the CQI request is transmitted [4]
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[7] [11]. With this approach each DL carrier from which PDCCH is read is associated with one or more DL carrier(s) as per higher-layer configuration. The UE reports aperiodic CSI for the set of DL carrier(s) associated to the DL carrier from which the grant with CQI request was read. In case the UE doesn’t read PDCCH from a given DL carrier, this method alone does not allow each DL carrier to be reported individually, i.e. some DL carriers would necessarily be combined in the same report.
e) Indication by the UL carrier concerned by the grant containing the CQI request [5][10][12]. A variant of this is to indicate by the search space where the DCI is found [4].With this approach each UL carrier is paired with one or more DL carrier(s) as per higher-layer configuration (e.g. SIB2 linking). This applies regardless of whether cross-carrier is configured or not for the concerned DL carrier. With this method it is possible to have each DL carrier reported individually by associating a DL carrier to its SIB2-linked UL carrier. In case the SIB2-linked UL carrier is not configured for a DL carrier, a possible workaround is to  utilize a grant with zero-size TB to this UL carrier, whose sole effect is to trigger the aperiodic reporting of CSI for the paired DL carrier. The aperiodic CSI report would then be sent in another UL carrier for which an (actual) grant is available. 
3.3


Combination of explicit and implicit indications
Some of the above solutions can also be combined. For instance, one could employ an explicit mechanism where one of the codepoints represents the set of DL carriers obtained using an implicit mechanism. An example of this has been proposed in [1] which combines explicit indication with approach (d) for the implicit indication.
4


Discussion

To determine which of the above mechanisms are the most attractive, the following criteria are considered:

Reporting delay: defined as the worst-case delay between the time the network desires to obtain an aperiodic CSI report for a specific DL carrier and the time it can obtain it. 
Best coverage: whether the solution maximizes coverage by allowing the reporting of CSI of any DL carrier one at a time.
Robust to missed DCI: whether the solution is robust to error cases such as the UE missing a DCI (i.e. whether the eNB would fail reception of PUSCH as a result)
Restrictions: whether the solution introduces scheduling or other constraints for the network.

PDCCH overhead has also been mentioned as a criterion. However, since all solutions allow the reporting of CSI for more than 1 DL carrier at a time (depending on how subsets of DL carriers are defined) it will not be considered further. (Besides, it could be questioned if any mechanism needs to do better than R8 in that regards, since even in R8 a CSI request anyway results in the reporting of a single (unique) DL carrier.)
Another aspect is the robustness to the activation state mismatch. This issue may occur with any alternative that allows the reporting for more than 1 carrier at a time. Again, the situation is the same for all alternatives. 

The following Table shows how each alternative fares with respect to the above criteria. There is some trade-off between optimizing the reporting delay on one hand, and other criteria such as robustness and coverage on the other hand. In our opinion it is quite important to maintain the same coverage as R8 for the aperiodic report by ensuring that there is a way to report a single carrier at a time for any carrier. This is always possible with the RRC-based and the timing-based alternatives, but not with explicit methods (unless 5 codepoints can be found) or PDCCH-based. The Grant-based alternative allows it with the use of zero-size grants, but this would create robustness issues if the UE misses the DCI as the eNB has no easy way of detecting this condition and may fail the PUSCH decoding.
Another drawback for PDCCH-based or Grant-based alternatives is that, since it has been decided to use the CQI request field to indicate the UL carrier containing the UCI, the reports of certain DL carriers are constrained to always be transmitted in a certain UL carrier. 

Between the remaining methods (RRC or timing-based), the latter has a better reporting delay and is thus preferred for adoption as a baseline.
Proposal 3: The UE reports the CSI of a subset of DL carrier(s) determined by the subframe timing of the grant containing the aperiodic CSI request.

As a possible optimization, one could envision combining the reuse of the TPC field to enable the network to request reporting of e.g. all activated DL carriers at the same time to minimize the reporting delay.
	Alternative
	Reporting delay
	Best coverage
	Robust to missed DCI
	Restrictions

	RRC
	Worst (>15 ms)
	Yes
	Yes
	None

	Explicit

Reuse field (a)
	Best
	Need 5 codepoints
	Yes
	May affect functionality of reused field (e.g. TPC)

	Explicit

Unused codepoints (b)
	Best
	Need 5 codepoints
	Yes
	Potentially severe if e.g. RIV field is used

	Implicit

Timing- based (c)
	<= 5ms additional
	Yes
	Yes
	None (other than additional delay)

	Implicit

PDCCH-based (d) 
	Best
	No
	Yes if at most 1 DCI contains CQI request
	None

	Implicit

Grant-based (e)
	Best
	Yes with zero-size grants
	Yes if at most 1 DCI contains CQI request and without zero-size grants
	None
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CQI request in random access response grant
In R8 it is possible for the network to request an aperiodic CSI report by setting a CQI request bit in the payload of the random access response grant in case of non-contention based procedure. The same mechanism should also exist with carrier aggregation.
In case of a non-contention based procedure the UE already has a C-RNTI and may be configured with more than one DL carrier. Therefore the following options could be envisioned:
· Report primary DL carrier only

· Report subset of DL carrier(s), possibly including the primary and signalled in the payload of the RAR grant

· Report all configured (and activated) DL carriers

Normally, the UE only performs the non-contention-based random access procedure in case it is not synchronized, i.e. the timing advance timer (TAT) has expired. Discussions in RAN2 have not yet concluded on whether secondary cells should be deactivated or released upon TAT expiry. Regardless of the outcome of this discussion, however, requesting the UE to report the CSI of more than 1 DL carrier after a potentially long period of inactivity may not be very robust since the power headroom is not known by the network. Thus the safest approach is to limit the reporting to the primary DL carrier only.
Proposal 4: Upon reception of CQI request in RAR grant, the UE reports CSI of primary DL carrier only. 

6
Conclusions
This contribution discussed triggering of aperiodic reports for carrier aggregation. The following proposals are made:
Proposal 1: In a given subframe, aperiodic CSI can be reported for a subset of the activated DL carrier(s).

Proposal 2: Size of DCI format should not be increased for the purpose of indicating the DL carrier(s) to be reported.

Proposal 3: The UE reports the CSI of a subset of DL carrier(s) determined by the subframe timing of the grant containing the aperiodic CSI request.

Proposal 4: Upon reception of CQI request in RAR grant, the UE reports CSI of primary DL carrier only. 
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