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1. Introduction

For LTE TDD carrier aggregation, the parameter special subframe configuration, specialSubframePatterns, is currently for further studies [1]. More specifically, the open issue is whether this parameter applies to all cells or whether it can be different for different cells in the case with carrier aggregation. In the present paper, we discuss the need for allowing it to be different between different cells, as well as the impact on the specification.

2. Discussion

As is well known, the special subframe consists of three fields, the downlink part (DwPTS), the guard period (GP) and the uplink part (UpPTS), with configurable lengths. It may be noted in the case with carrier aggregation, the different component carriers can use different special subframe configurations without any impact on the ACK/NACK feedback design. This since it does not change the timing relation between uplink and downlink, nor the maximum number of ACK/NACK feedback bits. The maximum UpPTS length of any carrier needs to be less than the minimum length of the GP combined with the UpPTS on any other carrier. This is needed to allow for non-zero switching time between uplink downlink. In Figure 1, one case with different but compatible carriers is depicted to the left, whereas a case with non-compatible special subframe configurations is shown to the right.

Since the maximum UpPTS length is two symbols, if any component carrier has an UpPTS length of two symbols, then the minimum length of the guard period on any component carrier with a UpPTS of duration one symbol is two symbols.
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Figure 1. The special subframe configuration to the left allows for switch time, whereas the configurations to the right do not allow for any switch time.

Observations

· Different component carriers can have different special subframe configurations with no impact on the ACK/NACK feedback design for TDD.

· To allow for switching time between receive and transmit, in case one component carrier has an UpPTS length of  two symbols, the guard period on a component carrier with an UpPTS of length one symbol  must be at least two symbols.

A natural question is then whether there is a need to support different special subframe configurations on different component carriers. One application is the case where different guard periods are appropriate to provide a larger guard for remote-basestation-to-basestation interference on at least one component carrier. It may be noted that remote basestation-to-basestation interference, which can occur in certain deployments, can also impact not only PUSCH but also PUCCH, and by allowing different guard periods on a carrier, at least one carrier with larger guard period could be used for robust ACK/NACK feedback without the need to have large guard periods on all carriers. Such a use case is depicted in Figure 2.
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Figure 2: Configurations with one carrier with large GP and two carriers with smaller guard period.

Furthermore, since different propagation applies for different frequency bands, different guard periods can apply in the case with inter-band carrier aggregation. This holds both from a basestation-to-basestation interference perspective as well as from cell range perspective.

The special subframe design also targets to provide efficient co-existence with other TDD systems such as TD-SCDMA, meaning that frame structure is configured so as to avoid overlap between UL and DL on adjacent carriers in the same band. Different constraints on the special subframe configuration may then apply for different component carriers in the inter-band case. An example is where there is a constraint to have a very large guard period on one component carrier in one band, but no constraint on another component carrier in another frequency band. 

Observation

· Reasons to allow for different special subframe configurations include remote basestation-to-basestation interference, different guard periods in the interband carrier aggregation context as well as to simplify co-existence with other TDD systems in the interband case.

3. Conclusions

Since allowing for different special subframe configurations on different cells in the context of carrier aggregation provide deployment flexibility and have no impact on the ACK/NACK feedback design, it is proposed to 

· Allow different special subframe configurations on different component carriers subject to the constraint that there is a non-zero switch time.
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