3GPP TSG RAN WG1 Meeting #60bis  



 




   R1-101940
Beijing, China, Apr. 12-16, 2010
Agenda Item:
6.2.3.3
Source:
Huawei
Title:
CQI/PMI/RI reporting for carrier aggregation
Document for:
Discussion/Decision
1 Introduction

The aperiodic and periodic CQI/PMI/RI reporting should in LTE-Advanced be extended to carrier aggregation. In Rel-8, aperiodic reports are scheduled through the CQI request bit in DCI Format 0. In LTE-Advanced, a UE may be configured to support cross-carrier scheduling. Hence usage of CIF bits for scheduling aperiodic reports also needs to be addressed. In this contribution, we consider some issues with regards to scheduling and transmitting aperiodic reports. Furthermore, some aspects of the periodic reporting are discussed.    

In general, the transmission of UL control information, e.g., CQI/PMI/RI, relates to the principles of the primary CC (PCC) agreed by RAN2 ‎[1]; 
· A PCC concept is introduced in Rel-10 CA

· The UL PCC and DL PCC are configured per UE

· The UL PCC is used for transmission of L1 uplink control information
· The DL PCC cannot be de-activated
· Configured CC’s which are not the PCC are called the Secondary CC’s (SCC)
· Explicit activation and deactivation of configured DL component carriers is done by MAC signaling

RAN1 agreed that  ‎[5];

A single UE-specific UL CC is configured semi-statically for carrying PUCCH A/N, SR, and periodic CSI from a UE.

which would then be the PCC. Whether also aperiodic CSI transmission should be constrained to the PCC remains to be determined. 

Furthermore, according to ‎[2], on a configured but deactivated component carrier, a UE does not monitor PDCCH, nor receive PDSCH, nor perform CQI measurements. The need for CQI/PMI/RI reports is thus in control of the eNB also through CC activation and de-activation.

A few initial agreements have also been made that set the framework for feedback in carrier aggregation. For example, in ‎[3], it was given for ACK/NACK that: 

Do not optimize the A/N feedback for multiple DL CC assuming large number of UEs being simultaneously scheduled on multiple DL CC. 

This does not preclude that the number of UEs in a cell having more than one configured and activated CC may be large, but according to the above, it could be assumed that the number of UEs actually being scheduled on more than one CC is small. This would then further imply that most of the time, a UE is confined to use a single CC, and only occasionally be scheduled on multiple CCs. Hence, the PCC can be assumed to be the one CC predominantly used by the UE. 
2 Issues for aperiodic CQI/PMI/RI reporting
As the UE is mostly using the PCC only, aperiodic CQI/PMI/RI reports should be supported for the PCC according to the Rel-8 mechanism. The general principle of carrier aggregation so far has been a modular design, e.g., the operation is as much as possible independent (separate transmission modes, control channels etc.) among CCs and support for aperiodic reporting for each CC would be in accordance with this. Furthermore, as is described in Sec. 3, periodic reporting may be affected by collisions between reports and/or ACK/NACKs. Hence, the ability to use aperiodic reporting on active SCCs could be needed.  
Hence, it is proposed that aperiodic reporting is supported for any active DL CC.
To maximally reuse the Rel-8 mechanism and not introduce unnecessary new DCI formats for carrier aggregation, it is further proposed that aperiodic reports are triggered by a CQI request bit in the UL grant.
Scheduling of aperiodic reports
A first issue is the scheduling of aperiodic reports, i.e., determining for which DL CC the report should be provided for. In Rel-8 only one carrier is active so this issue does not exist and scheduling is done through the CQI request bit in the UL grant in the PDCCH. With carrier aggregation, a number of implications may arise, e.g.: 

· Non-monitored DL CCs
In order to reduce blind PDCCH decoding, it is currently discussed that a UE configured for cross-carrier scheduling only monitors PDCCH on one DL CC for each PDSCH/PUSCH CC ‎[4], i.e., the so called Option 1. This may, depending on the DCI payloads, also occur for the more flexible Modified option 1 ‎[4]. 
A consequence is then that the UE may not necessarily monitor the PDCCH on the DL CC for which the aperiodic report should apply. RAN1 has previously also discussed introducing a PDCCH monitoring set which would imply that there could be activated DL CCs which are not monitored. 
Hence, it may become an issue how to schedule aperiodic reports for non-monitored DL CCs, and means for cross-carrier scheduling CQI/PMI/RI reports should be considered.
· UEs configured for cross-carrier scheduling
If the UE is configured for cross-scheduled PUSCH, it would enable that also the aperiodic CQI/PMI/RI reports can be cross-scheduled, i.e., a positive CQI request in the UL grant PDCCH on a DL CC can trigger the aperiodic CQI/PMI/RI reporting for another of the active DL CCs, which could solve the above problem. Since cross-carrier scheduling allocates PUSCH resources on an UL CC, it is an open issue for which DL CC the aperiodic report should be provided, as the CIF bits in DCI Format 0 refer to the UL CC used for the PUSCH transmission. 
Hence, usage of CIF bits in conjunction with a positive CQI request could be considered for scheduling of aperiodic reports.
· UEs not configured for cross-carrier scheduling
Without cross-carrier scheduling capability, it could be assumed that the UE monitors PDCCH in all activated CCs, at least for DL assignments. If the DL CC is linked to an UL CC, i.e., a PUSCH can be scheduled from its PDCCH, the aperiodic CQI/PMI/RI report could be scheduled by a PDCCH located on the same DL CC for which it applies and the report would be transmitted on the linked UL CC. If each DL CCs is linked, the Rel-8 aperiodic reporting principle can be maintained. If a DL CC is not linked, no UL grants can be transmitted and the CQI/PMI/RI reports must be scheduled by a PDCCH from another DL CC, i.e., somehow be cross-carrier scheduled.
If it is required that, as for the periodic reports, also the aperiodic reports have to be transmitted on the UL PCC, the aperiodic report for an SCC can then not be provided if there is no linkage between the SCC and the UL PCC.
Hence, the question whether PUSCH can be scheduled from any DL CC for UEs not configured for cross-carrier scheduling should be addressed for scheduling of aperiodic reports.

· Scheduling of single or multiple aperiodic reports
Since a report is associated with a PDCCH transmission, it could be considered to trigger multiple aperiodic reports from one PDCCH so that PDCCH overhead for requesting aperodic CQI/PMI/RI can be saved. Multiple reports would thus be contained in one PUSCH transmission. This may be applicable regardless if the UE is configured for cross-carrier scheduling, or not. 
Furthermore, if it is assumed that a UE transmits most of its UL data through the UL PCC, an aperiodic report that is transmitted on an SCC, would seldom be multiplexed with data. A better utilization of the PUSCH in an SCC could then be possible if aperiodic reports for multiple component carriers are contained in one PUSCH transmission. However, since the PCC is the prioritized and most frequently used carrier, it would still be useful to be possible to schedule aperiodic reports for the PCC only.
Transmission of aperiodic reports
A second issue is whether the transmission of aperiodic reports should be constrained to a pre-defined CC, e.g., the UL PCC, as agreed for the periodic reports. RAN2 ‎[2] decided not to introduce separate activation/deactivation procedure for UL component carriers, i.e., a UE is required to be able to transmit PUSCH transmissions on any configured UL CC when scheduled on PDCCH. Considering that the aperioidic reports are scheduled, there is no fundamental principal difference if it is data or CQI/PMI/RI information contained in the PUSCH; the UE must be able to transmit PUSCH in any active CC. Hence, further consideration is needed if there is any benefit of designating the UL PCC only for transmission of the aperiodic reports, which may partly be related to the scheduling issues above. 

If not constrained to be in the PCC, the aperiodic reports could be transmitted in a pre-defined carrier, e.g., the UL CC that is linked to the DL CC containing the PDCCH with the CQI request. Such predefined rule may also be applied even if the UE is configured for cross-carrier scheduling and the grant contains CIF bits, which is in accordance with Option 1 and Modified option 1 in ‎[4], as it is required that: “For any DL carrier with CIF where the UE monitors PDCCH, PDCCH on the DL carrier shall be able to schedule PDSCH at least on the same carrier and/or PUSCH on a linked UL carrier.” 
Concerning carrier linkage, any active DL CC would have to reserve PUCCH resources on at least one UL CC. However, whether such association also implies that the carrier is linked, i.e., that PUSCH can be scheduled, would need further discussion. Notably this is currently also being discussed in RAN2, where both cell-specific (SIB-2) and UE-specific linkage alternatives are considered. SIB-2 linkage may for asymmetric carrier aggregation imply that unpaired DL CCs are not linked.
If cross-carrier scheduling is configured, a larger flexibility may be provided and the allocation of UL CC can be carried by CIF bits in the UL grant. 
3 Issues for periodic CQI/PMI/RI reporting
For the periodic reporting, it was agreed ‎[3] that:

· Periodic CSI reporting for up to 5 DL CC supported

· Semi-statically mapped onto one UE specific UL CC

· Following Rel8 principles for CQI/PMI/RI

· Consider ways to reduce reporting overhead, e.g. DL CC cycling

· Consider ways to support extending CSI payload

Multiple reporting instances
For periodic CQI/PMI/RI reporting, a first approach, and the most straightforward design, leveraging on Rel-8 as much as possible, would be to use multiple reporting instances for different CCs, on either one single resource or several (e.g., one per DL CC) configured PUCCH resources 
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, at the discretion of the eNB considering its transmission mode
 and CQI reporting mode. The independent configuration for each CC can enable the reuse of the principle of Rel-8 periodic CQI/PMI/RI reporting per CC, and reduce the standardization effort. That is, the Rel-8 periodic feedback design is replicated per CC and the reports are transmitted on the UL PCC. However, with per-CC cycles, there could be collisions among CQI/PMI/RI reports from different CCs, as well as collisions among multiple ACK/NACKs and one or several CQI/PMI/RI reports. 
For the former issue, different offsets could be used to TDM periodic reports from multiple CCs. Typically one offset value for CQI/PMI and another offset value for RI may be used per CC for collision-free transmission. Only for the smallest reporting periods (
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), the number of available offsets becomes limiting and it may result in collisions if the number of active CCs is large. Hence for the case of multiple reporting instances, there may be some restriction on the configuration of reporting periods for different CCs to avoid or reduce the CQI/PMI/RI collision. Nevertheless, larger reporting periods could be configured to alleviate possible collision problems among the periodic reports, if the number of configured CCs is large. Thereto, since periodic reports are only to be given for activated carriers, the eNB is ultimately in control of the collision events and can chose to deactivate CCs, e.g., if short reporting periods are desired for some CCs. Furthermore, already in Rel-8, it is possible to turn off the periodic reporting ‎[6], hence, a subset of the active CCs could utilize aperiodic CQI/PMI/RI reporting only.
Another related option is to define the reporting such that all activated CCs would be part of one joint cycle. Essentially that would mean the period and offset values are set per UE. Such a cycle may become prohibitively long and may also need to be continuously adapted to the number of currently activated CCs. Other ways of reporting than Rel-8 (i.e, which wideband CQI, bandwidth parts etc.) may be considered in that case ‎[7].    
Regarding the issue of collision between ACK/NACK(s) and CQI/PMI/RI reporting, in Rel-8, PUCCH format 2a/2b is used to solve this problem, but it can only support two bits of ACK/NACK. In Rel-10, to support more than two ACK/NACKs transmission, a new transmission scheme is required which is currently being discussed and therefore further study for the simultaneous transmission of multiple ACK/NACKs and CQI/PMI/RI is needed. 
Single reporting instance
A second approach is to convey multiple reports in a single reporting instance. Using multiple sequences, i.e., simultaneous transmissions of Format 2/2a/2b, would be a straightforward way but has the drawback of increased CM and the performance loss due to power splitting, assuming the same transmission power as Rel-8. Table 1 includes the CM computed as an average over all cyclic shifts for one base sequence, for the cases where multiple resources are used in either the same or different resource blocks in one CC. 

	
	N=1
	N=2
	N=3
	N=4
	N=5

	Same RB
	1.82
	3.17
	3.71
	3.88
	4.06

	Different RB
	1.82
	3.71
	4.32
	4.64
	4.86


Table 1. CM for multiple Format 2 transmissions for N CCs.

With a single sequence transmission using Format 2 on the other hand, the supported payload of up to 13 bits is the limiting factor. If the number of activated CCs is small, some types of CQI/PMI reports could be multiplexed into one Format 2 transmission. For example, 3 CCs could feedback wideband CQI (4 bits each) in one Format 2 transmission. However such multiplexing is not scalable to different number of aggregated carriers with different transmission and reporting modes. 
A few other proposals in addition to use Format 2 have also been discussed in order to increase the payload of periodic reports ‎[7]‎[8]. Further discussions on the ACK/NACK signaling are necessary first as it may lead to introduction new formats that could be related to CQI/PMI/RI reporting. 

4 Conclusions
· It is proposed that aperiodic reporting is supported for all activated DL CCs and that the CQI request bit in the UL grant is used for triggering.

For aperiodic reports, it needs to be considered how to enable reporting for any activated DL CC and on which UL CC the associated PUSCH transmission should occur. Support for cross-carrier scheduled CQI/PMI/RI reports, i.e., where the CQI request is not contained in a PDCCH on the DL CC for which the report applies may be needed if a UE is not monitoring PDCCH in all DL CCs. Hence, usage of CIF bits in conjunction with a positive CQI request could be considered for scheduling of aperiodic reports.
For periodic reports, the eNB is to a large extent in control of collision events among CQI/PMI/RI reports, through configurations of reporting periods and offsets, carrier de/activation and enabling/disabling periodic reporting on certain carriers. Further study is needed if, in addition to Format 2/2a/2b, new formats with larger payload size should be introduced and how to handle the collision of between multiple ACK/NACK and CQI/PMI/RI reports.
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� It is agreed � REF _Ref257290099 \r \h ��‎[5]� that the transmission modes are independent among CCs,
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