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1. Introduction
UEs supporting inter-band CA should be capable of supporting a time difference between carriers of up to 30us according to [1]. The RF requirements for the on/off time mask in [3] define a 20us power ramp up time, hence, there could be some overlap of UL/DL for TDD UEs in case of large delays between the aggregated carriers. Furthermore, from Rel.11 a capability of supporting simultaneous Rx-Tx for TDD CA UEs was introduced in [2]. In this paper we analyze the relationships between these requirements and UE capabilities and propose some clarifications that should be included in the specifications. 
2. Discussion

Inter-band CA was introduced in Rel.10 and based on some deployment scenarios it was agreed that the UEs should cope with a relative propagation delay difference up to 30s among the component carriers to be aggregated. Adding the time alignment error at the transmitters, the total time difference can be up to 30.26us. This guideline/requirement is explicitly stated in Section J.1 of [1]. For FDD UEs this kind of time difference does not raise any issues as they are capable of transmitting and receiving signals at the same time. However, for TDD UEs, this time difference can create some serious issues if the DL and UL from different carriers overlap.

As this issue was recognized, from Rel.11 a capability to support simultaneous transmission and receive was introduced in [2] Section 4.3.5.4. Based on this, all Rel.10 TDD CA UEs and UEs from Rel.11 onwards that do not have this capability do not support simultaneous Rx-Tx, hence, their performance would be significantly degraded in case they have to perform Rx-Tx at the same time. 
In [3] Section 6.3.4 the Tx power ramp up and ramp down time is defined. Based on these requirements, the UE has to be able to ramp up/down the transmit power in 20us. This requirement is relevant to the Rx-Tx overlap that will be discussed next.
It should be noted that the analysis in this paper applies to UEs that do not support simultaneous Rx-Tx. Furthermore, it is assumed that the aggregated carriers operate under the same UL/DL configuration.

In TDD systems the Tx-Rx overlap can happen at any of the DL-UL or UL-DL switching points. In the case of DL-UL switching that takes place in the special subframe, the worst case of Tx-Rx overlap can be up to 10us if the UL transmission is pulled in for the entire guard period and the difference between the DL receive timing is 30us(accounting for the 20us power raming, the overalp is 30-20=10us). In the case of UL-DL switching, the Tx-Rx overlap can also be up to 10us if the timing difference between carriers is 30us(accounting for the 20us power ramping down, overlap is 30-20=10us). For a more intuitive understanding the switching points are also shown in Fig.1.
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Figure 1. Tx-Rx overlap at switching points
Based on the analysis from the previous paragraph it can be concluded that there could be a maximum 10us overlap of Tx-Rx for UEs that do not support simultaneous Tx-Rx. At the moment there are no requirements developed for this case but there would be significant performance degradation(Rx path is saturated by Tx noise) or the UE may not even be able to perform both at the same time if it has to switch between the receive and transmit RF chains. For this case it is recommended that the maximum time difference at the UE should be less than 20us.
The analysis above only considered the case of a single timing advance group(TAG). If the UE supports multiple TAGs, the analysis becomes more complicated but the overlap could be up to about 42us in the worst case since the maximum time difference between TAGs is 32.47us. In this case it is recommended that either multiple TAGs are not used(maximum difference at the UE would be up to 20us since the normal case would apply) or multiple TAGs are configured only in the case of co-located CA.
Another aspect that should be mentioned is that the requirements for the only TDD inter-band CA combination defined so far, of bands 39+41, were developed under the assumption that there is no Tx-Rx overalp. As such, it is important that this limitation is reflected in the specification and captured at least as guideline for the network operation.

Considering all the above we propose to add some clarifications to Section J.1 of [2] that a UE that does not support simultaneous Rx-Tx should not be expected to cope with a downlink time difference between CCs larger than 20us.
3. Conclusion
In this paper we analyzed some problems related to TDD CA and Tx-Rx overlap. We showed that there could be a maximum of 10us Tx-Rx overlap for UEs that do not support simultaneous Tx-Rx. We propose to add some clarifications to Section J.1 of TS 36.306 such that UEs that do not support simultaneous Rx-Tx should not be expected to handle a time difference between CCS larger than 20us.
If the above proposal is accepted an LS to RAN2 to ask RAN2 to implement the changes will be needed.
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