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1. Introduction
In the previous meeting, RAN1 agreed on PDCCH option 1b which can bring the benefits of better scheduling flexibility, enhanced PDCCH interference control, and common PDCCH design for symmetric/asymmetric carrier aggregations etc. 

From the LS R1-093709, it said as below:
	Question: Does PDCCH exist on every component carrier? 

Answer: Support for component carriers without PDCCH transmission is FFS in RAN1. RAN1 has decided to support the inclusion of a Carrier Indicator (CI) Field [3] consisting of 1-3 bits to dynamically indicate the component carrier where PDSCH or PUSCH transmission is scheduled. The CI Field allows the component carrier on which PDCCH is transmitted to be different from the component carriers on which PDSCH or PUSCH is transmitted. The inclusion or not of the CI field is semi-statically enabled.
Question: What form of DL/UL carrier combinations are considered for RACH resources allocation?
In release-8 the combination of the serving DL carrier and the UL carrier for random access is fixed. RAN2 have thought in the context of carrier aggregation, the combination of serving DL carriers and the UL carriers for random access could depart from that of release-8.
Answer: RAN1 discussed about RACH aspects to support initial access for carrier aggregation and concluded that no changes are needed in RAN1 specification. 


We can learn the points from the LS as below:
1. From eNB side, it hasn’t decided whether there are carriers without PDCCH;
2. From UE side, the PDCCH and indicated PDSCH/PUSCH can be in the different carriers;
3. There will be two scheduling schemes, cross-carrier scheduling scheme or not;

4. The scheduling scheme is configured by network.

This contribution will discuss the impact of cross-carrier scheduling on RAN2.
2. Discussion
In the cross-carrier scheduling scheme, the relationship between PDCCH and PDSCH will not be as same as Rel-8. So we should make some consideration about it. We will present our consideration from the using cases, configuration, DRX and RLF.
2.1. Using cases
In cross-carrier scheduling scheme, eNB can use one PDCCH carrier to scheduling more than one PDSCH/PUSCH carriers. So the PDCCH carrier number can be less than the PDSCH/PUSCH carrier number. There will be some using scenes for cross-carrier scheduling.

Case 1: There is the PDCCH-less carrier by system side.
UE is configured PDSCH-less carrier by system side (if the carrier exists). The transmission on this carrier can only be scheduled by cross-carrier scheduling scheme.
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Case 1
Note1: PDCCH CC1 and DL CC1 are the same CC;

Note2: DL CC1 and UL CC1 belong to one cell.
For example, from the eNB side, CC1 is Rel-8 compatible CC and CC2 has no PDCCH and is the extension CC. The two carriers are configured to UE.  So the PDCCH on CC1 can schedule CC1 and CC2.
In case 1, the carrier without PDCCH in system can only works by cross-carrier scheduling scheme.
Case 2: All aggregated carriers have PDCCH
From system side, all aggregated carriers have PDCCH, such as Rel-8 compatible carrier aggregation. In cross-carrier scheduling scheme, there will be some carriers without PDCCH from perspective of UE.
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Case 2
Note1: PDCCH CC1 and DL CC1 are the same CC, and so on;

Note2: DL CC1 and UL CC1 belong to one cell, and so on.
For example, CC1 and CC2 are all Rel-8 compatible carriers. The two carriers are configured to UE for data transmission but only CC1 is configured to UE as PDCCH carrier. UE can use PDCCH on CC1 to schedule the PUSCH/PDSCH transmission on CC1 and CC2.
In case 2, the carrier with PDCCH in system can be the carrier without PDCCH for UE, such as the PDCCH CC2 for the UE in the example.
Case 3: More than one PDCCH carrier
The PDCCH carriers can be more than one, so if UE is configured more than one PDCCH carriers in cross-carrier scheduling scheme, PDCCH on each carrier can schedule the data transmission on each PDSCH/PUSCH carrier.
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Case 3
Note1: PDCCH CC1 and DL CC1 are the same CC, and so on;

Note2: DL CC1 and UL CC1 belong to one cell, and so on.
For example, UE is configured three PDSCH/PUSCH carriers (CC1, CC2, CC3) and two PDCCH carriers (CC1, CC2). The PDCCH on either CC1 or CC2 can schedule the uplink and downlink transmission on CC1/2/3.
If the data amount is small, the PDCCH can be restricted on one carrier, it will be better for power saving. 

In case 3, if there is more than one PDCCH carrier, the data transmission on any CC can be scheduled by the PDCCH on any PDCCH carrier.

Case 4: RACH procedure
It was concluded that RA procedure would not impact the RAN1 spec, which means the procedure is Rel-8 compatible in RAN1 spec, the RA procedure will not use cross-carrier scheduling scheme. Since the RA procedure can be used for connected UE, it only happens on the PDCCH carrier and the related uplink carrier.
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Case 4
Note1: PDCCH CC1 and DL CC1 are the same CC, and so on;

Note2: DL CC1 and UL CC1 belong to one cell, and so on.
For the same example as case 3, the PRACH resources which connected UE uses is only exist on uplink CC1/2, and the random access procedure happens on either CC1 or CC2, not CC3.
In case 4, RACH procedure is initiated on the PDCCH carriers and the related uplink carriers, in which the linkage of the uplink carrier and downlink carrier is cell-specific.
Case 5: System information transmission procedure

The benefits of the cross-carrier scheduling are in point on the PUSCH/PDSCH data transmission for connected UE. Since System information can be delivered on PDSCH, can it use the cross-carrier scheduling? Considering the reasons as below,  it is not suggested to deliver the system information by the cross-scheduling:
1) System information should be compatible with Rel-8.

System information is cell-specific information, and should work well for the Rel-8 and Rel-10 UE in the Rel-8 compatible cell. 

2) The cross-carrier scheduling should be configured at first.
System information is cell-specific, so there is no other message before it to configure the scheme.
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Case 5

Note1: PDCCH CC1 and DL CC1 are the same CC, and so on;

Note2: DL CC1 and UL CC1 belong to one cell, and so on.
For example as figure above, system information in Cell1 (DL CC1, UL CC1) only can scheduled by PDCCH CC1, and so on.
From these using cases, some new features are brought as below:
1) PDCCH and PDSCH can be in different carriers; 
2) There will be carriers without PDCCH for UE, but with PDCCH for other UE, such as the case2;
3) In RA procedure the linkage of PDCCH CC, DL CC and UL CC should be as same as Rel-8;
4) The System information should be scheduled as same as Rel-8, with no impact of cross-scheduling.
Some RAN2 procedures will be impacted, such as RLF, DRX, and configuration. So we hope RAN2 to discuss and confirm the using cases.
Proposal 1: We hope RAN2 to confirm the using cases, and consider the related procedures under these cases.
2.2. Configuration
In the cross-carrier scheduling scheme, PDCCH uses the carrier indicator (CI field) to indicate the PUSCH or PDSCH carrier. So eNB should configure the relationship between the frequency and the carrier indicator first. There are several configuration methods, by RRC dedicated signaling or by system information. For the range of the carrier indicator, it can be eNB based or UE based. There are 3 options:
· Option 1: Carrier indicator is eNB based. The relationship between CI and frequency is configured by system information;
· Option 2: Carrier indicator is eNB based. The relationship between CI and frequency is configured by RRC dedicated signaling;
· Option 3: Carrier indicator is UE based. The relationship between CI and frequency is configured by RRC dedicated signaling.

If the carrier indicator is eNB based, all the UE in the aggregated carriers will use the same indicator for the same frequency. If CI is UE based, the relationship can be different for each UE. Obviously, eNB based CI is simple and without disadvantage.
Proposal 2: CI is eNB based.

Since the CI is related with carrier configuration, it is better for UE to learn the CI with the carrier configuration simultaneously. If UE acquire the all the carriers’ configuration, such as bandwidth, frequency etc., from system information, the CI is better in system information; but if UE acquires the all the carrier’s configuration from RRC dedicated signaling, the CI is better in dedicated signaling.
Proposal 3: CI is configured by the same way as the multi-carrier configuration for UE by dedicated RRC signaling.
Connected UE in carrier aggregation mode has multi-carrier configuration, and has data transmission on multi-carriers. So it brings the requirement to maintain transmission or make configuration in carrier unit. So we can consider using the CI to meet the requirement, with the same relationship between CI and frequency.
Proposal 4: CI can be used in carrier-specific scheduling/configuration.
3. Conclusion
According to the presentation in section two, it is proposed:

Proposal 1: We hope RAN2 to confirm the using cases, and consider the related procedures under these cases.
Proposal 2: CI is system based.
Proposal 3: CI is configured by the same way as the multi-carrier configuration for UE by dedicated RRC signaling.
Proposal 4: CI can be used in carrier-specific scheduling/configuration.
4. References

[1]. R1-093709, LS Reply to RAN2 on Carrier Aggregation






PAGE  
2
R2-096500

_1315210560.vsd
�

�

DL CC1


DL CC2


PDCCH
CC2


PDCCH
CC1


UL CC1


UL CC2



_1315219887.vsd
�

�

DL CC1


DL CC2


PDCCH
CC2


PDCCH
CC1


DL CC3


UL CC1


UL CC2


UL CC3


PDCCH
CC3


PRACH


PRACH



_1315723415.vsd
�

�

DL CC1


DL CC2


PDCCH
CC2


PDCCH
CC1


DL CC3


UL CC1


UL CC2


UL CC3


PDCCH
CC3



_1315216661.vsd
�

�

DL CC1


DL CC2


PDCCH
CC2


PDCCH
CC1


DL CC3


UL CC1


UL CC2


UL CC3


PDCCH
CC3



_1315209311.vsd
�

�

DL CC1


DL CC2


PDCCH
CC1


UL CC1


UL CC2



