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Introduction
In the current UE RF specification, the maximum output power for a Power Class 3 UE is +23 dBm with +/-2 dB tolerance [1]. This requirement applies to both FDD and TDD terminal. However, due to the common output power requirements for both TDD and FDD terminals, the link budget situation is less favourable for TDD terminals.
In this contribution, we propose to introduce a new power class for TDD to balance the link budget situation between TDD and FDD terminals.
Discussion
When scheduling users in LTE, there is an incentive to allocate resource blocks preferentially in frequency rather than in time. In other words, users should preferentially be time multiplexed rather than frequency multiplexed. Such a strategy will typically maximise frequency diversity, minimise delay and thus increase system capacity. This logic applies equally whether the system is LTE FDD or TD-LTE, and hence a user will typically experience similar performance from either system.

A consequence of such a scheduling strategy on the uplink, however, is that the required peak transmit power increases as the number of resource blocks scheduled in a given sub-frame increases. The required transmit power will also tend to increase as the UE moves further from the serving eNB. Hence some UEs (let us call them “cell edge UEs”) may be unable to accommodate a scheduling strategy that allocates resources preferentially in frequency due to the specified UE maximum transmit power limitation.

For such cell edge UEs, it becomes necessary to allocate additional resources preferentially in time once a given number of resource blocks has been allocated in a given sub-frame. This effect becomes stronger as the UE moves further from the serving eNB. Ultimately the cell edge data rate for the UE will be defined by an allocation strategy that allocates resources to the UE in all possible uplink sub-frames, with the relationship between data rate and consequent maximum allowable pathloss being defined by the number of resource blocks allocated per sub-frame.

For LTE FDD, the limiting case for defining the cell edge link budget is reached when a UE is scheduled to transmit on resources in all 10 uplink sub-frames. For TD-LTE, however, the limiting case is defined by the uplink-downlink configuration, which in turn is dependent on the downlink-to-uplink switch-point periodicity. For a downlink-to-uplink switch-point periodicity of 10 ms, the maximum UL:DL ratio is 3:6. Hence a cell edge UE can be scheduled resources in a maximum of 3 sub-frames per frame. An example of this is shown in Figure 1 below, where UE 6 is a cell edge UE. Note that scheduling UE 6 in this way does not place a significant constraint on uplink scheduling for the other UEs.
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Figure 1: Example Uplink Scheduling for TD-LTE (cell edge users)
In this example, for any resource block allocation in a given sub-frame, TD-LTE suffers from a 10:3, or 5.2 dB, resource penalty compared to LTE FDD when defining cell-edge data rates. The penalty could be even higher for some other uplink-downlink configurations (e.g. configuration 5, which would result in a 10:1 or 10 dB penalty). Note that although some of this penalty can be recovered by allocating additional resource blocks per sub-frame to TD-LTE, the benefit of this is limited in the uplink because:

i) the UE is assumed to be peak power limited, and hence the power spectral density will decrease as additional resource blocks are allocated in frequency, and,
ii) for the lower uplink data rates (which will surely define cell edge data rates for initial deployments), the additional benefit of lowering the code rate further is limited.

Hence it is concluded that the current specification results in a much lower maximum range for TD-LTE UEs when compared to LTE FDD UEs for a specified service bit rate. This presents a problem to operators who would like to co-locate both FDD and TDD eNBs at the same sites.
Proposed Solution

To solve this problem, it is proposed that a new power class (Power Class 2) be defined for TD-LTE UEs which has a higher maximum output power than that defined for Power Class 3. The additional uplink transmit power available to such UEs would help to balance the link budget between LTE FDD and TD-LTE. Hence such terminals could be used in scenarios where both LTE FDD and TD-LTE eNBs are co-located at the same sites, in order to give both systems approximately equal coverage footprints. Such terminals could also be used to provide extended range in more conventional scenarios.

It is proposed that the new Power Class 2 limits be applicable to all terminal form factors, including handheld form factors. Hence it is important that the new maximum output power limit does not raise the SAR for the TD-LTE UE above that which could result for a Power Class 3 LTE FDD UE when transmitting in all available uplink timeslots. As shown above, this would limit the difference between Power Class 3 and Power Class 2 to 5 dB for TD-LTE UEs using a downlink-to-uplink switch-point periodicity of 10 ms. For a downlink-to-uplink switch-point periodicity of 5 ms, however, the UL:DL ratio can be much higher.
It is anticipated that uplink-downlink configuration 1 (with a 1:1 UL:DL ratio) will be the configuration with the highest UL:DL ratio that will be in common use for TD-LTE UEs using the 5 ms frame structure. Hence it is proposed that this case be used to define the maximum output power level for Power Class 2. A TD-LTE UE using this configuration can transmit on the uplink in at most 4 sub-frames per frame, compared to the 10 sub-frames per frame available to a LTE FDD terminal. Hence it is proposed that Power Class 2 be made 10·log10(10/4), or 4 dB, higher than Power Class 3, with a nominal maximum transmit power of +27 dBm.
For Power Class 2 TD-LTE UEs using uplink-downlink configurations with a higher UL:DL ratio (i.e. configurations 0 and 6), further restrictions on the maximum output power may be required if SAR is an issue for the chosen terminal form factor.
Conclusion

In this contribution, we studied the effect of TDD terminal link budget shortage situation compared to FDD terminal. It is proposed that a higher power terminal class be defined for TD-LTE UEs to help balance the uplink link budgets between the two systems. This class should be Power Class 2, and have a nominal maximum transmit power of +27 dBm. It should be applicable to all terminal form factors, including handheld.
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