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1 Introduction

It was agreed at WG1 meeting #66bis to introduce [1]
Support the inter-band CA of TDD Carriers with different configurations in Rel-11.

Observed benefits of supporting inter-band CA of TDD CCs with different configurations

· Legacy system co-existence

· Hetnet support, aggregation of traffic-dependent carriers

· Flexible configuration: more UL subframe in lower band for better coverage, and more DL subframes in higher band

· Higher peak rate

Email discussion until RAN1#67, to address the spec impact questions raised in RAN1#66. (Xiaodong, CMCC)

In this contribution, we provide further views on solutions supporting interband TDD CA with different UL-DL configurations taking into consideration the following aspects:

· Achievability and flexibility of capturing the observed benefits of supporting inter-band CA of TDD CCs with different configurations.
· TSG-RAN WG4 guidance [2] on TDD interband frequency spacing and feasibility of TDD UE supporting simultaneous transmission/reception.

· The working assumption of introducing an enhanced physical downlink control channels (enhanced CCH) [1].
In Section 2 we discuss the implication of the above listed aspects and derive requirements for interband TDD CA solutions. We present potential solutions meeting these requirements in Section 3 and Section 4. Section 5 deals with the issue of whether special treatment of specific combinations of UL-DL configurations is needed.
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Figure 1 Example of interband TDD aggregation of configurations #1 and #2 cells. Subframes can be classified into nonconflicting DL subframes, nonconflicting UL subframes and conflicting subframes based whether the UL-DL transmitting directions across all aggregated cells agree or disagree during the concerned subframes.

2 Requirements on Interband TDD CA Support of Different TDD UL-DL Configurations on Different Bands
Regarding TDD interband frequency spacing and feasibility of TDD UE supporting simultaneous transmission/reception, an LS Reply from TSG-RAN WG4 [2] has provided the following guidance:

· The TDD inter-band frequency spacings and the FDD duplex spacings are both band specific. Hence, the comparison of TDD inter-band frequency spacings to FDD duplex spacings shall be done on a case by case basis. Taking Band 38 and Band 40 as an example scenario for TDD inter-band carrier aggregation, the corresponding inter-band frequency spacing is similar to that of FDD band 1. Currently there is no active TDD inter-band carrier aggregation WI in RAN4. Hence RAN4 is not in the position to provide any guidance on the prioritization of particular band combinations. Decisions on Work Items for band combinations are made by RAN Plenary.
· The feasibility of TDD UE supporting simultaneous transmission/reception for a given band combination should be considered on a band combination specific basis. A UE supporting inter-band carrier aggregation with different UL-DL configurations does not necessarily mean supporting of simultaneous transmission/reception on different bands. There is no architectural limitation to do so. Additional complexity and cost or degraded RF performance (sensitivity, output power) may occur for TDD UEs supporting simultaneous transmission/reception on different bands, compared to UEs not supporting simultaneous transmission/reception on different bands. If similar filtering performance for TDD is assumed as for FDD then similar band separation can be expected as for FDD.
Furthermore, it agreed at WG1 meeting #66bis [1] that

Based on considerations from CA Enhancement new carrier type, CoMP and DL MIMO:

Working Assumption:

· Introduce an enhanced physical downlink control channel that is:

· able to support increased control channel capacity

· able to support frequency-domain ICIC, 

· able to achieve improved spatial reuse of control channel resource 

· able to support beamforming and/or diversity

· able to operate on the new carrier type and in MBSFN subframes

· able to coexist on the same carrier as legacy UEs

Desirable characteristics include ability to be scheduled frequency-selectively, and ability to mitigate inter-cell interference.

Taking these two aspects and the observed benefits of supporting inter-band CA of TDD CCs with different configurations into consideration, the following requirements on the solutions are proposed:
· Support and strive a common solution for UEs with full- or half-duplex RF capabilities.

Since band combinations are yet to be specified, precluding support of half-duplex UEs may limit the feasibility of certain operator scenarios due to “additional complexity and cost or degraded RF performance (sensitivity, output power)” for “TDD UEs supporting simultaneous transmission/reception on different bands.” From core specification perspective, both full- and half-duplex UEs should be supported. 

· Support and strive a common solution for UEs with or without UL-CA capability.

· Provide peak rate enhancement benefits to both full- and half-duplex UEs.

· Support dynamic UL-DL traffic adaptation for full- and half-duplex UEs.

· Allow CC load balancing when needed (e.g., some CA deployment scenario 2).

· Minimize impact to core specification and existing eNB architectures.

· Rel-10 scheduling and HARQ A/N feedback timing rules are reused.

· PUCCH transmitted on Pcell only as in Rel-10.  

· PHICH carried on the cell that transmitted the PDSCH grant.

· Focus on enhanced CCH solutions with its characteristic abilities to be scheduled frequency-selectively and to mitigate inter-cell interference.
· With enhanced CCH, cross-carrier scheduling across cells with different UL-DL configurations can be avoided. This removes the potential need to introduce substantial scheduling and PHICH timing complexity.
Many solutions to cross-carrier scheduling across cells with different UL-DL configurations require UEs configured with interband CA to be scheduled at different time(s) than UEs not configured with interband CA. Such heterogeneous scheduling timings can impact existing eNB scheduling implementation, service prioritization policies and frequency- and spatial-domain scheduling and coordination effectiveness.
· PDCCH-based cross-carrier scheduling is for FFS.

3 PDSCH HARQ Feedback

When the Pcell is configured to contain more DL subframes than the Scell, a simple solution to PDSCH HARQ feedback timing issues is requiring the UE to change the Scell HARQ timing to follow that of the Pcell. This principle can be generalized to support the cases when the Pcell has less DL subframes than the Scell [6].

· UE is configured with a PDSCH HARQ timing reference configuration number via RRC signaling 

The UE shall then use the reference configuration to determine the PDSCH HARQ timing across all cells. The HARQ feedback is transmitted on the Pcell PUCCH. With this design, the HARQ timing rules from Rel-10 are reused. UE is simply instructed to follow a specific Rel-10 timing rule entry based on the PDSCH HARQ timing reference configuration number.

The PDSCH HARQ timing reference configuration number can be set such that the PDSCH A/N feedback is transmitted on the Pcell during UL subframes without conflicting UL-DL directions across all aggregated cells (see Section 5 for further discussion). For the aggregation example of configuration #1 and configuration #2 cells, the PDSCH HARQ timing reference configuration number can be set to #2. The resulting behavior for the UE is illustrated in Figure 2. The configuration of PUCCH resources should be studied further.

One advantage of transmitting PDSCH A/N feedback during nonconflicting UL subframes is that PDCCH and PHICH transmission will not be constrained by PDSCH A/N feedback. DL and UL scheduling flexibility is retained. Furthermore, any of aggregated cells can serve as the Pcell, which makes load balancing between/among component carriers easier.
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(a) Configuration #1 cell is Pcell
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(b) Configuration #2 cell is Pcell
Figure 2 PDSCH HARQ feedback timing for interband TDD aggregation of configuration #1 and #2 cells.

4 Scheduling and PHICH

PDSCH and PUSCH scheduling information for cell(s) within a band is transmitted on cell(s) within the respective band.
 PHICH is carried by the cell that transmitted the PUSCH grant.

· For a UE configured of half-duplex operations

If the network is to schedule the UE to transmit in UL subframe(s), such grants are sent in advance so the UE is fully prepared to perform the transmission. If a UE had not been instructed to perform UL transmission on any cell during a conflicting subframe, the UE shall monitor cell(s) that can carry PDCCH and PHICH for possible scheduling information. If PHICH is to be transmitted during a conflicting subframe, the network can refrain from scheduling a PUSCH transmission for the same subframe.
 

Through this dynamic scheduling mode, peak DL throughput benefits of carrier aggregation can be afforded to UE only capable of half-duplex operations. 

· For a UE configured of full-duplex operations

Since the UE can monitor PDCCH/PHICH in DL while performing transmission in UL simultaneously, there is no restriction on scheduling. Hence, there is no impact on peak DL throughput benefits achievable by full-duplex UEs.
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Figure 3 PUSCH grant (in solid lines) and PHICH (in dashed lines) timings for interband TDD aggregation of configurations #1 and #2 cells.

5 Support of Possible Configuration Combinations

The seven UL-DL configurations available in Rel-10 can be arranged to more clearly illustrating their mutual compatibility. An example of such a subframe compatibility hierarchy is shown in Figure 5. Reading from this illustration, it can be seen that the DL subframes of a configuration that can be connected from a second configuration with downward arrows form a superset of the DL subframes of the second configuration. Therefore,

· For a given set of aggregated UL-DL configurations, the PDSCH HARQ timing reference configuration number can be set to a configuration that can be connected from all the aggregated configurations with downward arrows in the subframe compatibility hierarchy.

For example, when configurations #1 and #2 are aggregated, the PDSCH HARQ timing reference configuration number can be set to 2 (or 5).  When configurations #0 and #2 are aggregated, the PDSCH HARQ timing reference configuration number can be set to 2 (or 5).

It can be further observed that a PDSCH HARQ timing reference configuration number can always be set for any number and combination of aggregated UL-DL configurations. For example, when configurations #1 and #3 are aggregated, the PDSCH HARQ timing reference configuration number can be set to 4 (or 5). When configurations #0, #3 and #6 are aggregated, the PDSCH HARQ timing reference configuration number can be set to 3 (or 4 or 5).

Therefore, there is no need of treating any combination or number of UL-DL configurations specially or specifically. This generality can reduce core specification impact substantially.
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Figure 4 Subframe compatibility hierarchy.

6 Conclusions

In this contribution we discuss 

· Support and strive a common solution for UEs with different capabilities including full- or half-duplex RF and with or without UL-CA.

· Provide peak rate enhancement benefits and support dynamic UL-DL traffic adaptation.

· Focus on enhanced CCH solutions with its characteristic abilities to be scheduled frequency-selectively and to mitigate inter-cell interference.
· With enhanced CCH, cross-carrier scheduling across cells with different UL-DL configurations and its substantial impact to core specifications and existing eNB scheduler can be avoided.
· PDCCH-based cross-carrier scheduling is for FFS.

· UE is configured with a PDSCH HARQ timing reference configuration number via RRC signaling. 

· The PDSCH A/N feedback can be configured to transmit on the Pcell during UL subframes without conflicting UL-DL directions across all aggregated cells.

· PDSCH and PUSCH scheduling information for cell(s) within a band is transmitted on cell(s) within the respective band. PHICH is carried by the cell that transmitted the PUSCH grant.

· During a conflicting subframe, a half-duplex UE shall monitor cell(s) that can carry PDCCH and PHICH for possible scheduling information if it had not been instructed to perform UL transmission on any cell.

· Avoid treating any combination or number of UL-DL configurations specially or specifically to reduce impact to core specifications.
Questions to address:

· Is cross-carrier scheduling between aggregated TDD cells with different UL-DL configurations supported?

[Ericsson] Focus on enhanced CCH solutions with its characteristic abilities to be scheduled frequency-selectively and to mitigate inter-cell interference. Standardizing multiple solutions to the same scenario should be avoided. PDCCH-based cross-carrier scheduling between cells with different UL-DL configurations is for further study. 
· How many bands are supported? (QC: supporting more than 2 bands is quite unrealistic)

[Ericsson] Up to five bands are supported from core specifications perspective. RAN4 can specify specific band combinations.
· Are there any restrictions on which combinations of UL-DL configurations can be aggregated?

[Ericsson] No restriction from core specifications perspective. Specific configuration combinations are the choices of the operators to suit particular deployment and application scenarios.
· Is PUCCH still transmitted on only 1 CC?

[Ericsson] Yes.
· Is PUCCH always on the PCell?

[Ericsson] Yes.
· Is PHICH transmitted on the cell carrying the UL grant?

[Ericsson] Yes.
· Same HARQ timing rules as in Rel-10?

[Ericsson] The HARQ timing rules from Rel-10 are reused. For PDSCH HARQ feedback, a UE is configured with a PDSCH HARQ timing reference configuration number via RRC signaling
· Same scheduling timing as in Rel-10?

[Ericsson] No change to scheduling timing rules is needed if cross-carrier scheduling between cells with different UL-DL configurations is not supported.
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� That is, cross-carrier scheduling within each band can be optionally configured by the network with no impact to the present discussion.


� The PUSCH grant and PHICH timings for the aggregation case of configurations #1 and #2 are shown in � REF _Ref308363258 \h ��Figure 3�. It can be observed that PHICH timing for this important aggregation case does not impose any restriction on scheduling.





