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Discussion/Decision
1
Summary
The principle of separately encoded PDCCH for each CC was agreed in the May 09 RAN1#57 meeting. Furthermore, the possible use of an additional carrier indicator field was agreed.

· Separate coding of DL assignments and UL grants for each component carrier based on DCI format(s) for single carrier with an additional carrier indicator field of 0-3 bits

· In case of 0 bits, no carrier indicator

Following these developments in RAN1#57, one of the main questions to be discussed is when such a carrier indicator field is needed, and if yes, for which DCI formats exactly.

In this contribution we discuss several fundamental operating principles for LTE-A carrier aggregation based on symmetric and DL-heavy asymmetric aggregation scenarios in order to identify the cases in which a carrier indication extension may become necessary for existing DCI’s.
We propose to endorse the principle of fixed association between DL and UL component carriers, i.e. each UL CC is associated with precisely one DL CC that carries the corresponding PHICH. Moreover, the UL grant is carried in the same DL CC that also carries the PHICH for the associated UL CC. ACK/NACK for a DL CC is always to be carried on the associated UL CC, independently of the presence or absence of simultaneous PUSCH transmission(s) on that UL CC or another UL CC.
We propose to consider introduction of carrier indication into DL assignment DCI’s, in particular to address DL-heavy asymmetric carrier aggregation use case scenarios.

2
Introduction
LTE-A BW Extension will allow for carrier aggregation by the use of more than one component carrier in the DL and UL directions. Carrier aggregation supports both contiguous and non-contiguous scenarios, and also allows for multiple component carriers to be located in different E-UTRA bands. 

Support for carrier aggregation through LTE-A requires that the L1/L2 control signalling structure is extended. To what extent, and how exactly, the existing L1/L2 control signalling structure needs to be modified depends mainly on the anticipated operating scenario.
Carrier aggregation scenarios may be split into 3 categories as shown in Figure 1,
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Figure 1: Carrier aggregation scenarios

No LTE-A deployment scenario currently exists where Scenario 3 “UL-heavy asymmetric” needs to be supported [3]. In this contribution we therefore consider only Scenarios 1 and 2.

Section 3 discusses the operating principle and need for carrier indication through the PDCCH for Scenario 1: Symmetric. Section 4 considers this for the case of Scenario 2: DL-heavy asymmetric.

Conclusions and recommendations based on above two scenarios are provided in Section 5 of this contribution.
3
Carrier aggregation scenarios
3.1 Symmetric
A straightforward approach to support carrier aggregation when an equal number of DL and UL CC’s is used is to always associate a given DL CC with a given UL CC (Figure 2). This semi-static association may correspond to the R8 frequency duplex, or support for somewhat more flexible duplex assignments that may be introduced for LTE-A equipment in the context of the agreed-upon LTE-A deployment scenarios [3].
The fundamental principle is that there is a configurable one-to-one mapping of DL CC’s to UL CC’s. Each UL CC is associated with a corresponding DL CC on a per-UE basis. This simple structure allows for reuse of the current mapping from UL resources to PHICH. Additional advantages include backwards-compatible multiplexing of ACK/NACK transmissions from both legacy R8 UEs and LTE-A UEs onto specific component carrier pairs.
This approach results in duplication of and only minimal modifications to the R8 processing chain.

Any received DL assignment on the PDCCH of a given DL CC must pertain to a PDSCH received on that same DL CC. Correspondingly; any UL ACK/NACK must be carried on the associated UL CC. Any received UL grant on the PDCCH of a given DL CC pertains exclusively to the associated UL CC. Any PUSCH transmission on that UL CC will correspond to a PHICH occurrence on the associated DL CC where the UL grant was issued.

In this approach, the UE DL Component Carrier (CC) Set is the set of DL CC’s where a UE is configured to receive PDSCH. There is no distinct UE UL Component Carrier Set, i.e. a set of separately defined UL CC’s that a UE is configured to transmit PUSCH, because each UL CC corresponds to precisely one associated DL CC. There is no distinct UE CC PDCCH set in this scenario, because only the PDCCH of a given DL CC can carry DL assignments for PDSCH on that same DL CC, or UL grants on its associated UL CC.
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Figure 2: Symmetric / Semi-static DL and UL CC pairing
The configuration and/or activation of additional component carriers is to be performed by dedicated signalling following RRC connection establishment by the UE and the network [2]. 
A first consideration is related to UE power consumption. It is very desirable that operation with an increased number of simultaneously active CC’s does not result in a commensurate increase of UE power consumption during periods of low Rx or Tx activity for any particular CC pairing. As such, some basic provision is needed to limit the RF on-time, the amount of PDCCH reception, and processing activities on the different DL CC’s while in RRC Connected Mode. 

No UL data or UL ACK/NACK will be transmitted by a UE on an UL CC unless the associated DL CC carries an UL grant or DL assignment. Any permanent (or intermediate disabling of) UE PDCCH processing through either removing the DL CC from the UE CC Set (or through short/long DRX applied to that DL CC) will amount to controlling the associated UL CC as well.

Exceptions to this principle are the cases of SPS, RI/PMI/CQI and SRS transmissions by the UE, but these are under full network control through RRC. For example, in the case of aperiodic CQI/PMI/RI reporting using PUSCH, the UE can be semi-statically configured by higher layers independently for each DL/UL pair thereby dealing with UE power consumption in this specific context of aperiodic reporting mode.
Given that RRC signalling to activate or release or to (re-)configure the UE CC et constitutes the baseline, the other options for complimentary activation / (re-)configuration mechanisms of the UE CC Set if latency is proven to be of concern are using MAC control, or PDCCH-based activation/release (similar to SPS in R8). Very clearly, carrier indication through DCI in the PDCCH is not needed in the context of a UE’s CC Set activation/release, unless a PDCCH-based activation/release of the DL CC Set pertains to possibly more than just one other DL CC.
Independent of the activation/(re-)configuration mechanism for the UE’s DL CC Set, operation based on either cross-CC DL assignments or cross-CC UL grants, or both are modifications to semi-static DL and UL CC pairings as possible modes of operation. 
The first modification is to introduce the full ability to schedule DL assignments for DL CC#2 from DL CC#1 or vice versa (left side of Figure 3). The second possible modification to the baseline approach is to introduce the ability to schedule UL grants for a given UL CC from more than one DL CC (right side of Figure 3).

One consideration for the potential interest in such schemes is the ability for reduced UE power consumption by not monitoring the 2nd DL CC during periods of low Rx activity. Another consideration is to reduce the overhead incurred due to the presence of the PDCCH in the Control Region of a subframe, e.g. in the order of some 15-20% assuming at least some 2-3 control symbols are freed up for PDSCH transmissions.

Support for either of these would require carrier indication as part of DCI Formats 0 (Flexible UL grants) and DCI Formats 1-x/2-x (Flexible DL assignments).
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Figure 3: Symmetric / Flexible DL assignments (left) and Flexible UL grants (right)

In practice, both modifications, e.g. Flexible DL assignments and Flexible UL grants together would need to be supported simultaneously (unless the principle of semi-statically associated DL to UL CC pairings is given up).

This is because UE power consumption cannot be reduced when DL assignments for DL CC#2 are monitored from DL CC#1 while PHICH and/or UL grants still need to be decoded by the UE through the PDCCH of DL CC#2. Similarly, when UL grants for UL CC#2 are carried on DL CC#1, but the UE is still required to process PHICH on DL CC#2 (associated with UL CC#2), the potential for reduced UE power consumption is much diminished, given that at least the first symbol of the PDCCH on DL CC#2 still needs to be decoded.

To move away from the principle of semi-statically assigned DL to UL CC pairings would amongst others result in the necessity to support some form of ACK/NACK bundling/multiplexing on PHICH. In addition, the potential for UE power consumption reduction is greatly diminished when the PDSCH on another CC needs to be received by the UE while the PDCCH carrying the DCI with the cross-carrier assignment is still being processed, which entails either tighter UE processing requirements or some modification of the R8 baseline HARQ timing relationships. There would be need for some form of ACK/NACK bundling/multiplexing through either PUCCH or PUSCH.
Because of the potential complexity to support such a Flexible DL assignment and Flexible UL grant scheme in combination, our preference is to support semi-statically associated DL and UL CC pairings.

3.2 DL-heavy asymmetric aggregation

In order to support carrier aggregation when the number of available DL CC’s exceeds the number of UL CC’s, a modification of R8 baseline operation cannot be avoided.
An approach to support carrier aggregation when the number of DL CC’s exceeds the number of UL CC’s is to always associate a given UL CC with a specific DL CC. The fundamental principle is that there is a configurable one-to-one mapping of a DL CC to UL CC’s. Each UL CC is associated with precisely one corresponding DL CC on a per-UE basis.
Any received DL assignment on the PDCCH of a given DL CC must pertain to a PDSCH received on that same DL CC. Correspondingly; any UL ACK/NACK must be carried on the associated UL CC. Any received UL grant for the UL CC is carried on the PDCCH of the associated DL CC. Any PUSCH transmission on that UL CC will correspond to a PHICH occurrence on the associated DL CC where the UL grant was issued.

In this approach, the UE DL Component Carrier (CC) Set is the set of DL CC’s where a UE is configured to receive PDSCH. The UE UL Component Carrier Set is a subset of the DL CC Set, because each UL CC corresponds to precisely one associated DL CC. There is no distinct UE CC PDCCH set in this scenario, because only the PDCCH of a given DL CC can carry DL assignments for PDSCH on that same DL CC, and some DL CC’s won’t carry any UL grant.
Implicitly, DL CC#1 will take on the role of a “scheduling carrier” for the associated UL CC.
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Figure 4: DL-heavy asymmetric / Semi-static DL and UL pairing
Support of some form of ACK/NACK bundling/multiplexing with PUCCH or PUSCH at least to an extent similar to R8 LTE TDD operation is inevitable for DL asymmetric aggregation in order to carry ACK/NACK for possibly more than just one DL CC.

Considerations for the activation/(re-)configuration mechanism for the UE’s DL/UL CC Set which are the same as in the case of symmetric carrier aggregation, e.g. no DCI-based carrier indication mechanism is needed.

While it is in principle possible to change the baseline mode of operation described above to allow PHICH on either DL CC#1 or DL CC#2 to carry ACK/NACK for UL CC#1 (even DL CC#2 not associated with UL CC#1), this is not deemed desirable for the same reasons considered already in the Symmetric / Flexible UL grants case.
As such, the possible modification to the baseline approach described above is to introduce the ability to schedule DL assignments for DL CC#2 from DL CC#1 or vice versa (Figure 5).

Support for this modification would in principle require carrier indication as part of DCI Formats 1-x/2-x (Flexible DL assignments).
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Figure 5: DL-heavy asymmetric / Flexible DL assignments

Unlike the symmetric aggregation case however, the modification of Flexible DL assignments can be supported without giving up on the principle (and simplicity) of semi-statically associated DL to UL CC pairings.

This is because monitoring DL assignments for DL CC#2 from DL CC#1 doesn’t require processing of either PHICH and/or PDCCH carrying UL grants on DL CC#2 by the UE. Similar to the baseline scheme with semi-static DL and UL CC pairing in the DL-heavy asymmetric case, the same support for some form of ACK/NACK bundling/multiplexing with PUCCH or PUSCH is necessary with flexible DL assignments, e.g. no extra penalty is incurred.
Consequently, introduction of cross-carrier assignments, e.g. carrier indicator in some of the DL assignment messages would provide full benefits in terms of the potential for reduced UE power consumption, and a decrease in PDCCH overhead, with no additional UE implementation complexity. This makes it possible for the network to configure, for a certain UE, that some DL CC’s that have the role of a “data carrier” but do not have the role of “scheduling carrier”.
Our recommendation is therefore to consider inclusion of carrier indication into a subset of DCI Format’s 1-x/2-x.
4
Conclusions

In this contribution we have considered various possible use cases for carrier indication for both the symmetric carrier aggregation scenario and for the DL heavy asymmetric carrier aggregation scenario.

We propose to endorse the principle of fixed association between DL and UL CC pairs, and to consider the use of carrier indication through existing DCI’s as possible mode of operation applicable to DL assignment DCI’s.
Proposal,
· Each UL CC is associated with precisely one DL CC that carries the corresponding PHICH
· UL grants are carried in the DL CC that also carries the PHICH for the associated UL CC
· ACK/NACK for a DL CC is always carried on the associated UL CC, independent of the presence or absence of simultaneous PUSCH transmission(s) on that UL CC or another UL CC
· The use of RRC for activation/(re-)configuration of DL and/or UL and/or PDCCH CC sets is preferred
· Use of a carrier indicator for (some or all) DL assignment DCI’s, e.g. DCI formats 1/1A/1B/1C/1D and 2/2A
· There may be DL CC’s from which the UE is configured to receive PDSCH but not PDCCH
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