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1. Introduction

Until the last meeting, the discussion about UCI on PUSCH was mainly focused on UL CC selection rule [1][2]. The FFS points regarding DL CC(s) selection for aperiodic CSI request(s) are as follows:
· The number of possible triggers for aperiodic CSI.
· The number of DL CCs a single CSI request is related to.
In this paper, we discuss how to relate the DL CCs and CSI request(s) in UL grant(s) with the possible cases when the number of CSI request instances is single or multiple.

2. Relation between DL CC(s) and aperiodic CSI request when a single CSI request is triggered
When a single CSI request is triggered to a UE, CSI report(s) can be of a single or multiple (/whole) active DL CCs as shown in Figure 1. Possible options for the two cases are considered.
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Figure 1: Relation between DL CC(s) and aperiodic CSI request when a single CSI request is triggered

2.1 Case A: A single CSI request is related to a single DL CC’s CSI report
In the Case A, a single CSI request is related to a single DL CC’s CSI report. Several possible options are listed below.
Option A.1) SIB2-linked DL CC’s CSI report
In this option, when a periodic CSI is triggered in a UL grant, CSI of the DL CC which has SIB-2 linkage with the scheduled UL CC is reported. This option is almost same as to Rel-8 aperiodic CQI request operation, and could be the basic aperiodic CSI request operation because the single DL CC configured UE will operate with this option.
However, some DL CC(s) would not have a SIB-2 linkage with any UL CC (we call such a DL CC as ‘unpaired DL CC’ for convenience) in case of DL-heavy aggregation scenario. There can be possible options for handling DL-heavy aggregation scenario as follows:
· Tying DL CCs to subframe number: For example, DL CCs for the CSI report are tied cyclically to the subframe number of the subframe where the UL grant is scheduled. This option may cause CSI request scheduling restriction in time domain in comparison to above two methods. On the other hand, this option can be used in non-cross carrier scheduling mode without CIF (while it is FFS whether the operation of DL-heavy aggregation without CIF will be allowed or not).
· Defining a virtual SIB2 linkage: One DL CC which has no SIB2 linkage is configured to have a virtual SIB2 linkage with a UL CC. This virtual SIB2 linkage can be explicitly configured by RRC or implicitly determined by logical or physical CC index. When an aperiodic CSI request is triggered, UE is configured to send CSI feedback for multiple DL CCs which have a SIB2 or virtual SIB2 linkage to a single scheduled UL CC. If there is a remaining code-point in CIF, it could be used for indication to choose one DL CC among multiple DL CCs paired with a scheduled UL CC.

Option A.2) Explicit indication of DL CC for CSI report by RRC
 The linkage between a granted UL CC and a target DL CC for CSI request is signalled by RRC. With this option, semi-static scheduling flexibility for PUSCH in CC domain can be achieved. Still, CSI reporting in DL-heavy aggregation case should be handled.
Option A.3) Explicit indication of DL CC for CSI report by L1 signalling

DL CC for CSI request is signalled by the DCIs for the UL grant. In this option, PUSCH scheduling flexibility may be achieved. The possible methods are listed below.

· Additional field for DL CC indication in UL grant: Full flexibility of PUSCH in CC domain can be achieved. But, additional bit field is needed in PDCCH for UL grant.
· CIF stealing in UL grant to indicate DL CC: For example, when CSI request is triggered, CIF value in UL grant indicates DL CC instead of UL CC and PUSCH is transmitted on UL PCC. Instead, UL grant with CSI report triggering can schedule UL PCC only. This method works in DL CC heavy case as well. However, it causes DCI format ambiguity issue when UE-specific search spaces are overlapped between PCC and SCC and if their DCI formats for DL/UL have the same payload size (DCI format for UL PCC and DCI format for DL SCC). Details are described in Appendix.
From the aspects of the options listed above, the scheduling flexibility gain from Option A.2 and A.3 is not clear considering the other trade-off factors. Therefore, Option A.1 (SIB2-linked DL CC’s CSI reporting) is preferred and additional handling for DL CC heavy case should be discussed further.
2.2 Case B: A single CSI request is related to multiple DL CCs’ CSI reports
In the Case B, a single CSI request triggers multiple DL CCs’ CSI reports. There can be several possible options as below. Triggering multiple DL CCs’ CSI report by a single UL grant may reduce the error cases on the UL CC selection for CSI report, while unnecessary feedback information could waste UL resources. This waste could be reduced by introducing the single CSI request related to a single DL CC’s CSI report in addition to this approach. 
Option B.1) Explicit indication of DL CCs for CSI reports by RRC
Linkage of a granted UL CC to multiple DL CCs for CSI request is signalled by RRC. When a CSI request is triggered in an UL grant, the CSIs of the RRC-configured multiple DL CCs are transmitted. This method will provide eNB scheduler with the semi-static selection between CSI report of a single DL CC and multiple DL CCs depending on the latency requirement, PUSCH overhead, etc.
Option B.2) Explicit indication of DL CCs for CSI reports by additional bit(s) in UL grant
DL CCs for CSI request is signalled by bitmap in UL grant. Alternatively, CSIs of whole active CCs can be triggered by an additional 1 bit in UL grant. The former method enables full flexible CSI reports regarding PUSCH location and number of DL CCs and the latter method enables dynamic change of CSI report of single DL CC and all DL CCs. However these methods require additional bit field in UL grant, which is not desirable.
Option B.3) Remaining CIF value for CSI reports of all active DL CCs

A remaining CIF for UL is additionally used to trigger CSI report of all active DL CCs on the UL PCC. That is, when the UE receives UL grant with the additional CIF, the UE reports CSI for all active DL CCs on the UL PCC. This option enables dynamic change of CSI report of single DL CC and all active DL CCs without increasing PDCCH payload size for UL grant. 

Option B.4) DL CCs associated to monitoring CC of a UL CC [3]

When a CSI request is triggered, the CSIs of whole DL CCs which are the monitoring DL CC of the UL CC covers are transmitted. In this option, dynamic change of CSI report of single DL CC and multiple DL CCs is not possible.
Option B.5) Always all CSI reports of active DL CCs
When a CSI request is triggered, the all CSIs of active DL CCs are transmitted.
3. Relation between DL CC(s) and aperiodic CSI requests when multiple CSI requests are triggered

When multiple CSI requests are triggered to a UE, CSI report can be of a single, multiple DL CCs or whole active DL CCs.
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Figure 2: Relation between DL CC(s) and aperiodic CSI requests when multiple CSI requests are triggered

3.1 Case C: Multiple CSI request is related to single DL CC’s CSI reports
If a single CSI report is required, multiple CSI requests are redundant because it can be done with a single CSI request. Therefore, this case is not applicable.
3.2 Case D: Multiple CSI request is related to multiple DL CC’s CSI reports
If multiple CSI reports of DL CCs are required with multiple CSI request triggering, the natural and simple way is to extend the Option A.1 used in single CSI request triggering. That is, each CSI request triggers CSI report for the DL CC which has SIB-2 linkage with the scheduled UL CC. This option enables full flexible number of CSI reports
Among the 4 categories (Case A, B, C and D) discussed above, Option A.1 for the CSI triggering for a single DL CC and the direct extension of Option A.1 for the CSI triggering for multiple DL CCs seem reasonable. In addition, it should be discussed further whether triggering CSI for multiple DL CCs by a single UL grant (Case B) is necessary or not.
4. Summary
In this paper, to relate the DL CCs and CSI request(s) in UL grant(s). Our proposal is as follows:
· A single CSI request is related to a single DL CC’s CSI report.

· A single CSI request triggers CSI report for the DL CC which has SIB-2 linkage with the scheduled UL CC.
· Multiple CSI request is related to multiple DL CC’s CSI reports.

· Each CSI request triggers CSI report for the DL CC which has SIB-2 linkage with the scheduled UL CC. 

· In addition to the above two methods, it should be discussed further whether triggering CSI for multiple DL CCs by a single UL grant is necessary or not.
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Appendix: DCI Format ambiguity issue between DL and UL DCIs in overlapped UE-specific search spaces in case of PCC’s CIF stealing.
Per-CC UE-specific search spaces (USS) for multiple CCs can be overlapped according to agreed SS designs. In the overlapped region, multiple DCI formats for different CCs, which have the same payload size including CIF, can be transmitted. In normal case, the same size DCI formats between DL CCs or between UL CCs can be distinguished by CIF value. Moreover, even between DL and UL DCI formats, the same size DCI formats can be distinguished by SIB2-based UL CIF configuration where a UL CC has the same CIF value with its SIB2-linked DL CC’s CIF [4]. However, if CIF stealing is used for aperiodic CSI request in UL PCC, an UE has ambiguity when decoding PDCCHs because the different DCI formats which have no SIB2 linkage have the same CI value.
This ambiguity can occur between DL and UL CCs as shown in Figure A, when non-SIB2-linked DL/UL will have the same CI. For example, it’s assumed that UL PCC and DL SCC#2 have bandwidths of 100 and 50 RBs, respectively, and DL SCC#2 has a transmission mode corresponding to Format 1B with 2 transmit antennas. Therefore, CIF-attached payload size with 16 bit CRC will be the same as 47 for both Format 1B of SCC#2 and Format 0 of PCC. These payloads can not be distinguished by CIF any more.
Furthermore, according to the search space sharing agreement for the same sized DCI formats of different CCs, above described problem happens in all search spaces as well as the overlapped USS.
	[image: image3.emf]SSfor UL PCC

SSfor DL SCC#2

PDCCH for UL PCCwith CIF stealing

(CIF=2 for request CSI of SCC#2)

CIF

=2

PDCCH for DL SCC#2

DCI format 

ambiguity 

CIF

=2

Ex) DCI format0 for PCC (100RB BW) and 

DCI format1B for SCC#2 (50RB BW)

Same payload size


	3 bit CIF attached payload size with 16 bit CRC

	
	Bandwidth (RBs)
	6
	15
	25
	50
	75
	100

	
	Format 0/1A
	39
	41
	43
	45
	46
	47

	
	Format 1
	38
	42
	46
	50
	52
	58

	
	Format 1B/1D
(2 tx ant)
	41
	43
	45
	47
	49
	49

	
	Format 2
(2 tx ant)
	50
	53
	58
	62
	64
	70

	
	Format 2A
(2 tx ant) /2B
	47
	50
	55
	59
	61
	67

	
	Format 1B/1D
(4 tx ant)
	43
	45
	47
	49
	50
	51

	
	Format 2
(4 tx ant)
	53
	57
	61
	65
	67
	73

	
	Format 2A
(4 tx ant)
	49
	52
	57
	61
	63
	69


Figure A and Table A. CI ambiguity cases in the overlapped UE-specific SS

















































































































































