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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? 

This previous meeting’s discussion covers wide area. This includes UE functionality, HARQ-ACK impact, cross-carrier scheduling, How many bands are supported and etc. [1] gives a detail of questions to be addressed in RAN1#66bis and RAN4#60bis.
The current 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.
For RAN1#66bis, it is agreed for the companies to provide their analysis of the motivation/benefits for inter-band aggregation of CCs with different TDD UL-DL configurations, before deciding whether inter-band aggregation of CCs with different TDD UL-DL configurations will be supported in the RAN1 specs in Rel-11.
This contribution addresses relevant questions on support of different TDD UL-DL configurations on different band.
2. Motivation of supporting different TDD UL/DL configurations on different bands

2.1. Observations

During offline discussion and observations in the last meeting, the following aspects are found to be useful to support different TDD UL/DL configurations on different bands.
Support aggregation on traffic dependent carriers. 
Imbalanced traffic load on UL and DL may require aggregation of carriers with different number of UL and DL subframes[8].
Heterogeneous network deployments. 

The uplink cell edge data rate is limited if UL:DL=1:3 is configured. However, by configuring more uplink subframe in macro cell for TDD system, e.g., UL:DL=2:2, can alleviate the insufficiency of uplink resources.
In such macro-pico deployment scenario[9], 

· macro-cell is targeting for seamless coverage for a wide area. Thus, configuring UL:DL=2:2 can not only gurantee uplink cell edge data rate, but also more adapt to services, e.g., VoIP.

· while pico-cell is targeting for hotspots for a small area. Thus, uplink data coverage is not a big issue, and configuring UL:DL=1:3 can better match mobile internet services due to asymmetric DL/UL allocation.

In such heterogeneous network deployments, Macro and Pico cells may not have the same needs in terms of DL-UL configuration on their respective interference protected CCs. The aggregation of different TDD CCs with different UL-DL configuration would allow desirable CC configurations and utilization of all CCs by all cells[8].
Legacy system co-existence requirement. 
Inter-band CA with different UL-DL configurations is motivated by co-existence with the adjacent legacy system. In Rel-10, the same UL-DL configuration is adopted for different CCs (e.g., configuration #1 or #2, etc.) when it considers the co-existence with a legacy TD-SCDMA system on the adjacent frequency. Fig. 1 shows two examples to illustrate the co-existence of TDD LTE and TD-SCDMA systems. However, in case of the inter-band TDD CA, the restriction would be reduced since other UL-DL configurations could be configured on other bands based on the traffic load.[3]
Increase peak data rate. 
Obviously, support carrier aggregation on different bands extends peak data rate of certain UEs which supports simutanous Tx/Rx on different band in one subframe. 

Others. 

Different UL-DL configurations of the aggregated CCs may be desirable in cases where one CC would be primarily used for broadcast/multicast services (eMBMS). [8]
2.2. Summary
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. 
3. Specification and implementation impact to support different TDD UL/DL configurations on different bands
3.1. Supported number of carriers
Proposal 2: 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.  
3.2. UE simultaneous Tx/Rx on different band

[10] 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 [10] lists the existing 3GPP E-UTRA TDD frequency bands as well as their deployment areas. Based on the frequency bands allocation, Table 2 in [10] 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.
TDD terminals usually don’t have front-end filter on the transmitter branch if there is no strict coexistence out-of-band emission requirement. However, to support simultaneous transmission/reception in different bands, the UE had to apply front-end filter in the transmitter branch which will increase the cost.
3.2.1. Transmission direction determination in UL/DL subframes

For subframe n with different UL/DL directions in different carriers on different band, 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.
3.3. Scheduling timing

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. 
3.4. Harmonized HARQ design for different UE capability
During the offline email discussion, two issues are raised which has impact to RAN1 aspects specifications. These aspects are related to UE hardware/software capabilities. 

· Question 1: If a UE supports aggregating cells on different bands with different UL-DL configurations, can it be assumed that the UE also supports simultaneous transmission/reception on the different bands?
· Question 2: If a UE supports aggregating cells on different bands in the downlink, can it be assumed that the UE also supports aggregating cells on the different bands in the uplink? 

For Question 1, LS has been sent to RAN4 and RAN1 should wait for RAN4 response. Question 2 is also related to downlink HARQ procedure.
3.4.1. Downlink HARQ

For Question 2, 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 5: PUCCH transmission on one CC for UE supporting different TDD UL/DL configuration in different band.
For ACK/NACK transmission associated to a PDSCH on SCell, two scenarios could be identified depending on whether uplink transmission on PCell is available or not.

Scenario 1: When ACK/NACK transmissions associated to a PDSCH on the SCell when uplink transmission on PCell is NOT available
In Rel-10, PUCCH are always transmitted on PCell. This is because in Rel-10, both intra-band and inter-band aggregation assumes aggregated CCs have the same TDD UL-DL configuration. Therefore, PCell and SCell share the same opportunity of uplink transmission/receiving.  Since PCell has top priority than other SCells, imposing PUCCH transmission on PCell is preferred.  

However, in Rel-11 inter-band CA with different TDD UL/DL configuration, PCell and SCell did not share the same opportunity of uplink transmission/receiving. Therefore, allowing ACK/NACK transmissions on SCell when PCells uplink transmission is not available could be a simple way to keep same HARQ timing rules as in Rel-10.
Proposal 6: ACK/NACK transmissions on SCell when uplink transmission on PCell is not available if UE is configured to support downlink carrier aggregation in different TDD UL/DL configuration in different band.

One example for 2:2(SCell) and 3:1(PCell) inter-band CA is illustrated as follows.
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 (1) Collision when ACK/NACK on PCell 

(2) Allowing ACK/NACK transmission on SCell
Figure 1. ACK/NACK transmissions on SCell when PCells uplink transmission is not available
However, PUCCH coverage on different carrier/band should be taken into consideration when allowing PUCCH transmission on SCell. Further investigation is needed.
Scenario 2: ACK/NACK transmissions associated to a PDSCH on the SCell when PCell uplink transmission is available
In this scenario, allowing ACK/NACK transmission on PCell may cause two different HARQ timing rules in PCell. It is FFS how to transmit ACK/NACK associated to a PDSCH on the SCell when PCell uplink transmission is available.
Based on the above two scenarios, it is proposed,

Proposal 7: the same downlink HARQ timing rules as in Rel-10 should be adopted in Rel-11 when UE supporting different TDD UL/DL configuration in different band.
That is to say, the UE shall upon detection of a PDSCH transmission or a PDCCH indicating downlink SPS release within subframe(s) 
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 is defined in Table 10.1-1 (TS36.213) intended for the UE and for which ACK/NACK response shall be provided, transmit the ACK/NACK response in UL subframe n. 
The reference TDD UL/DL configuration for determining k in Table 10.1-1 (TS36.213) is based on the carrier which carriers PDSCH transmission or a PDCCH indicating downlink SPS release. Thus the same HARQ timing mechanism could be reused. 
3.4.2. Uplink HARQ

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.
3.5. 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 8: Rel-11 UE should support cross-carrier scheduling for different TDD UL/DL configurations on different bands
4. 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: 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.  
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: PUCCH transmission on one CC for UE supporting different TDD UL/DL configuration in different band.

Proposal 6: ACK/NACK transmissions on SCell when uplink transmission on PCell is not available if UE is configured to support downlink carrier aggregation in different TDD UL/DL configuration in different band.

Proposal 7: the same downlink HARQ timing rules as in Rel-10 should be adopted in Rel-11 when UE supporting different TDD UL/DL configuration in different band.
Proposal 8: Rel-11 UE should support cross-carrier scheduling for different TDD UL/DL configurations on different bands
Open issues:

· FFS how to transmit ACK/NACK associated to a PDSCH on the SCell when PCell uplink transmission is available.
· FFS whether the PHICH is always on the cell carrying the UL grant, or can also be on the cell carriers PUSCH
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