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1. Background
During RAN1#66 meeting, Support of different TDD UL-DL configurations on different bands is online discussed and send LS to RAN4 with regards to ask about relevant inter-band spacings (and their priorities) compared to FDD duplex spacings - can simultaneous Tx/Rx be assumed? 

The agreement of RAN1#66 is as follows,

· No new TDD UL/DL configurations will be considered in this WI.
· If Support of different TDD UL-DL configurations on different bands is specified, the UEs will be informed of the actual UL/DL configuration of each aggregated CC.
During RAN1#66bis, additional agreement are as follows,
· 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

This contribution addresses relevant questions on support of different TDD UL-DL configurations on different bands.
2. Specification and implementation impact to support different TDD UL/DL configurations on different bands
2.1. Supported number of carriers
Proposal 1: For Rel-11 inter-band CA with different TDD UL/DL configurations on different bands, support of 2 carriers on different band should be as baseline and optimized.  
2.2. UE simultaneous Tx/Rx on different band

[12] provides analysis of supporting different UL-DL configurations on different bands for inter-band CA. The RF filter should provide at least 47dB isolation to support simultaneous transmission/reception in different bands. This requirement is comparable to FDD duplex isolation for protection of its own receiver. The frequency gap for TDD to support simultaneous transmission/reception on different bands would be the comparable to FDD duplex gap.
Table 1 in [12] lists the existing 3GPP E-UTRA TDD frequency bands as well as their deployment areas. Based on the frequency bands allocation, Table 2 in [12] summarise the possible TDD inter-band aggregation scenarios. Comparing with FDD that operating in the similar frequencies and with similar bandwidth, in theoretical, the frequency spacing could support the simultaneous transmission/reception on different bands (except for scenario 10: Band 42 and Band 43 CA) in the same handset. For Band 42 and Band 43 inter-band CA, the UE could not support simultaneous transmission/reception on the different bands due to 0MHz frequency spacing. Therefore, simultaneous transmission or reception in different bands for inter-band CA is band specific for TDD.
Taking Band 38 and Band 40 as an example scenario for TDD inter-band carrier aggregation, the corresponding inter-band frequency spacing as well as the relative bandwidth (Bandwith/Band Centre Freq=50/2345=2.1%) is similar to that of FDD band 1 (Bandwith/Band Centre Freq=60/1950=3%).
Taking RAN4 response to this question [3]into account, the feasibility of TDD UE supporting simultaneous transmission/reception for a given band combination should be considered on a band combination specific basis. If similar filtering performance for TDD is assumed as for FDD then similar band separation can be expected as for FDD. Supporting simultaneous Tx/Rx for the UE leads to a complexity and cost increase. While the corresponding advantages of performance and other related aspects should be prioritized in order to ahead of UE does not support simultaneous Tx/Rx.
Proposal 2: Simultaneous Tx/Rx on different band should be supported for Rel-11 TDD UE.
2.3. Transmission direction determination in UL/DL subframes

For subframe n with different UL/DL directions in different carriers on different band(hereafter called it UL/DL subframe), UE need to determine whether that subframe is for uplink or downlink transmission when it does not support simultaneous Tx/Rx in different band.
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Figure 1 Subframes with conflicting UL-DL directions in inter-band TDD CA scenario
Two information could be helpful to implicit indicate the transmission direction of conflicting subframes. 

· UL grant on the same or different band can indicate whether the conflicting subframe n is scheduled uplink transmission or not.

· ACK/NACK transmission associated to a PDSCH on that conflicting subframe n can indicate whether that subframe is a uplink transmission or not.

Though UE has some probability to miss detect UL grant or PDSCH, which means UE may misinterpret that uplink to downlink, it does not make any error case. Because eNB does not schedule anything on that conflicting UL/DL subframe n.
Therefore, 

Proposal 3: For a UE does NOT support simultaneous Tx/Rx on different band, if it has been implicitly indicated by either UL grant or ACK/NACK transmission on conflicting UL/DL subframes, it assumes that subframe is for uplink transmission, otherwise, that subframes is for downlink transmission.
2.4. Scheduling timing

For Rel-8/9/10, base station only takes the scheduling decision according to the current status in one subframe. It does not rely on the scheduling decision which is made before several subframe ago. For Rel-11system, expect additional benefit, we think it is not necessary to allow a more complex scheduler, which requires base station to take the scheduling decision according to the decision made by a series of subframes ago. Since high complex scheduler could impact the performance of scheduling.
Proposal 4: scheduling timing on each CC is not changed. With or without cross-carrier scheduling supported, 
· For uplink transmission, the scheduling timing rule is based on the CC which carries PUSCH.
· For downlink transmission, no multi-TTI PDSCH scheduling is as baseline. 
2.5. Harmonized HARQ design
In Rel-10, HARQ design for different UE supporting UL CA and non-CA shares the common framework. that is to say the same HARQ timing, same feedback carrier, power control mechanism is defined. Except additional benefit, Rel-11 UE follows Rel-10 principles could maximize commonality between Rel-10 and Rel-11 designs, which is very simple and proved workable. Our view is that HARQ design for different UE capabilities should keep the same framework, e.g., same HARQ timing, same feedback carrier, power control mechanism. these capabilities includes,

· UL carrier aggregation

· UE simultaneous Tx/Rx on different band

Proposal 5: Irrespective of UEs supports the above capabilities or not, they should share the same HARQ design principle.

2.5.1. Downlink HARQ procedure
2.5.1.1. PUCCH transmission on one cell
In Rel-10, the understanding in RAN1 is that it could not assume UL CA capability is tied together with DL CA capability. If Rel-11 mandates that for UE supporting different TDD UL/DL configuration in different band, the following characteristics need to be taken into consideration
· In some scenario, e.g, heterogeneous network, always CA in uplink may lose the possibility to coordinate interference in neighboring cell.
· In Rel-10, PUCCH is transmitted on only 1 CC. simplifying design for UEs supporting and UEs not supporting multiple carriers transmission in uplink is one of the motivation in Rel-10. For Rel-11, if PUCCH are separately transmitted on multiple CCs, additional specification complexity need to be further investigated.
Proposal 6: irrespective of UE supporting UL CA or not, PUCCH transmission on one CC for UE supporting different TDD UL/DL configuration in different band.
Furthermore, considering PCell and SCell may have different characteristics in Rel-10 design as follows,

· PCell is configured for better uplink performance.

· Additional specification work should be defined if SCell is reserved for PUCCH transmission, e.g.,

· TPC on SCell is widely redefined for other purpose in Rel-10 specification.

Other alternatives, e.g., shifting ACK/NACK transmission from UL/DL subframe to other UL subframe without different UL/DL directions, could also avoid PUCCH to be transmitted on SCell.
2.5.1.2. ACK/NACK timing

For subframes without different UL/DL directions, it is naturally that ACK/NACK timing follows PCell HARQ timing since the ACK/NACK transmission only on PCell is simple and less UE capability-dependent. This operation brings minimum ACK/NACK resource indication/reservation on PCell.
For subframes with different UL/DL directions (TS3 in Fig.1), it is not defined according to PCell’s HARQ timing, on which uplink subframe it should carry ACK/NACK transmission. Further investigation on additional ACK/NACK resource reservation/indication should be studied.
Open issue 1: Further investigation on additional ACK/NACK resource reservation/indication for downlink subframes on SCell with different UL/DL directions to PCell.
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Figure 1. Additional ACK/NACK resource should be reserved on PCell
2.5.2. Uplink HARQ procedure
There is one key question related to the uplink HARQ after RAN1#66 meeting. Is PHICH transmitted on the cell carrying the UL grant? 
If no cross-carrier scheduling is configured, it is obviously PHICH transmitted on the same carrier of UL grant/PUSCH.

When cross-carrier scheduling is configured, scheduling timing rule based on the CC which carries PUSCH can simplify eNB scheduling algorithm. It is FFS whether the PHICH is always on the cell carrying the UL grant, or can also be on the cell carriers PUSCH. And PHICH resource collision between PCell and SCell should also been defined after.
Open issue 2: It is FFS whether the PHICH is always on the cell carrying the UL grant, or can also be on the cell carriers PUSCH. And PHICH resource collision between PCell and SCell should also been defined after.

2.6. Support of cross-carrier scheduling for different TDD UL/DL configurations on different bands
Scenario 1: Heterogeneous network deployments
Carrier-based ICIC for  is used to improve control channel reliability in heterogeneous network deployments. Cross-carrier scheduling enables scheduling data on one carrier from another carrier. 
Scenario 2: Improve control channel robustness in another carrier

With downlink carrier aggregation in different band, the control channel robustness may be different between two bands. This is due to different carrier frequency, traffic load, transmission power on different band. Allowing cross-carrier scheduling from another more robustness carrier leads to more reliable control channel transmission.
Proposal 7: Rel-11 UE should support cross-carrier scheduling for different TDD UL/DL configurations on different bands
3. Conclusion
Proposal 1 : Rel-11 should support different TDD UL/DL configurations on different bands, which offers deployment flexibility, performance benefit as well as legacy system co-existence. 

Proposal 2: Simultaneous Tx/Rx on different band should be supported for Rel-11 TDD UE.  
Proposal 3: For a UE does NOT support simultaneous Tx/Rx on different band, if it has been implicitly indicated by either UL grant or ACK/NACK transmission on conflicting UL/DL subframes, it assumes that subframe is for uplink transmission, otherwise, that subframes is for downlink transmission.

Proposal 4: scheduling timing on each CC is not changed. With or without cross-carrier scheduling supported, 

· For uplink transmission, the scheduling timing rule is based on the CC which carries PUSCH.

· For downlink transmission, no multi-TTI PDSCH scheduling is as baseline. 
Proposal 5: Irrespective of UEs supports the above capabilities or not, they should share the same HARQ design principle.
Proposal 6: Irrespective of UE supporting UL CA or not, PUCCH transmission on one CC for UE supporting different TDD UL/DL configuration in different band.
Proposal 7: Rel-11 UE should support cross-carrier scheduling for different TDD UL/DL configurations on different bands
Open issues:

· Further investigation on additional ACK/NACK resource reservation/indication for downlink subframes on SCell with different UL/DL directions to PCell.
· It is FFS whether the PHICH is always on the cell carrying the UL grant, or can also be on the cell carriers PUSCH. And PHICH resource collision between PCell and SCell should also been defined after.
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