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1. Background
During RAN1#66 and RAN1#66bis meeting, support of different TDD UL-DL configurations on different bands has been discussed.  One issue related to UE capability is that if a UE supports aggregating cells on different bands with different UL-DL configurations, can it be assumed that the UE supports simultaneous transmission/reception on the different bands. On top of that, can it be assumed UE support UL CA if it supports simultaneous transmission/reception on the different bands? Since in Rel-10, PUCCH is always on only one cell in order to target a common design for UL CA and UL non-CA UE.

This contribution addresses the following two aspects and gives high level point of view on supporting these two features for Rel-11TDD UE from performance aspects.
· UE simultaneous Tx/Rx on different band
· UE supporting UL CA and UL non-CA

2. Support of UE simultaneous Tx/Rx on different band
[1] 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 [1] lists the existing 3GPP E-UTRA TDD frequency bands as well as their deployment areas. Based on the frequency bands allocation, Table 2 in [1] 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 [2] 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 1: Simultaneous Tx/Rx on different band should be supported for Rel-11 TDD UE.
3. UE supporting UL CA and UL non-CA 
One of the most important motivation to address whether UE supporting UL CA or not is that it has impact to the PUCCH design. So far in Rel-10, PUCCH is always on only one cell in order to target a common design for UL CA and UL non-CA UE. The same logical should be followed if no any other motivation is observed to break it up. 
Proposal 2: For Rel-11 UE in TDD, target to a common PUCCH design for UE supporting UL CA and UL non-CA.
4. Performance aspects for UE supporting inter-band CA in Rel-11

In RAN1#66 and RAN1#66bis meeting ,observed benefits of supporting inter-band CA of TDD CCs with different configurations are as follows[3],
· 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
Among these observed benefits, some performance aspects are necessary to be addressed as follows,

· cross-carrier scheduling 
· Cross-carrier scheduling is one of the useful tool for HetNet deployment in order to avoid control channel interference from aggressor cell. 

· Downlink Peak Rate

· All downlink subframes in two bands can be used for downlink transmission.

· Uplink Peak Rate
· All uplink subframes in two bands can be used for downlink transmission.
The following section discusses which performance aspects should be linked to different UE supporting different capabilities.

1. For UE NOT support simultaneous Tx/Rx and NOT support UL CA
Supporting of cross-carrier scheduling could enable the network implement inter-cell interference cancellation. Since UL/DL subframe may not be able to be scheduled according to the Rel8/9/10 specification perspective, downlink peak rate cannot be achieved without any enhancement of current spec.
2. For UE support simultaneous Tx/Rx and NOT support UL CA
In additional to for UE NOT support simultaneous Tx/Rx and NOT support UL CA, one motivation for UE supporting simultaneous Tx/Rx is to enable more downlink subframe to be scheduled for transmission in UL/DL subframe. From UE performance perspective, 

· cell centre UEs benefit from simultaneous Tx/Rx in order to achieve downlink peak rate.
· cell edge UEs benefit from cross-carrier scheduling in order to implement inter-cell interference cancellation.
3. For UE support simultaneous Tx/Rx and support UL CA
In additional to For UE support simultaneous Tx/Rx and NOT support UL CA, one motivation for UE supporting UL CA is to enable more uplink subframe to be scheduled for transmission in UL/DL subframe. From UE performance perspective,
· cell centre UEs benefit from UL CA in order to achieve uplink peak rate.

Table 1 is a summary of the possible combination of different UE capabilities and its related performance aspects.
Table 1. Performance aspects for UE supporting inter-band CA in Rel-11
	
	Not support UL CA
	Support UL CA

	Not support simultaneous Tx/Rx
	Cross-carrier scheduling
	And/or cross-carrier scheduling

	
	
	And/or uplink peak rate

	Support simultaneous Tx/Rx
	And/or cross-carrier scheduling
	And/or cross-carrier scheduling

	
	And/or downlink peak rate
	And/or downlink peak rate

	
	
	And/or uplink peak rate


5. Conclusion
Proposal  1 : Simultaneous Tx/Rx on different band should be supported for Rel-11 TDD UE.
Proposal 2 : For Rel-11 UE in TDD, target to a common PUCCH design for UE supporting UL CA and UL non-CA.

Proposal 3: the possible combination of different UE capabilities and its related performance aspects for Rel-11 TDD UE is as follows,

	
	Not support UL CA
	Support UL CA

	Not support simultaneous Tx/Rx
	Cross-carrier scheduling
	And/or cross-carrier scheduling

	
	
	And/or uplink peak rate

	Support simultaneous Tx/Rx
	And/or cross-carrier scheduling
	And/or cross-carrier scheduling

	
	And/or downlink peak rate
	And/or downlink peak rate

	
	
	And/or uplink peak rate
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