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1. Introduction 

In this document we discuss the measurement gap requirements for TDD LTE.   
2. Discussion

2.1.  Measurement Gap Length
The current assumption is 6ms measurement gap periods applicable to all mobility scenarios.  In particular, 6ms measurement gaps are used for both TDD(TDD and FDD(TDD measurements.  The 6ms gap period is based on assuming 5ms active measurement time periods and 0.5ms switch times at both the leading and trailing edges of each measurement period.  The 5ms active measurement time corresponds to the 5ms periodicity of the LTE synchronization signals (PSS/SSS).  

When the UE visits a synchronous system (i.e. one whose system time is synchronous with that of the current serving system) then it is guaranteed, barring extreme propagation delay differences, that there can be useful measurements made within the 5ms active measurement period. 

Time synchronization across different frequencies or even different bands among TDD systems seems reasonable assumption although not guaranteed. On the other hand, time synchronization between FDD and TDD systems deployed in the same geographical area cannot be always assumed.  

Based on the above, we have to examine the scenarios that can occur regarding the measurement window alignment relative to the target systems’ synchronization signals. We will consider measurement in a target TDD system. 

2.2.   Placement of the Synchronization Signals
In a TDD system, the PSS symbol is the third OFDM symbol in the first slot of the second subframe; while the SSS symbol is the last OFDM symbol in the second slot of the first subframe.  This implies that the PSS and SS are three symbols apart (i.e. there are two other symbols in between them). 

Since the serving and target systems can be asynchronous, it is possible that the PSS is in part or in whole within the measurement period while the SSS is completely outside, or vice versa.  In this scenario, it is not possible to measure consecutive occurrences of the PSS and SS within one measurement period. 

2.3.   Combining of PSS and SSS

In the scenario mentioned in Section 2.2, it would be possible still to measure the SSS at the beginning of the 5ms measurement period and the PSS at the end of the same 5ms period; however this would preclude coherent detection of the SSS due to the following reasons: 

1. An almost 5ms time separation is beyond the coherence time in certain high Doppler propagation channels
2. The specification [2] mandates coherent transmission, i.e. using the same antenna port, for PSS and SSS only in the same half-frame (based on system time on the target carrier) for frame structure type 2.  Therefore the transmission phase or antenna port configuration can change between the PSS and SS signals at the opposite end of a 5ms measurement period.  

Supporting some level of coherent-type of SSC identification is necessary because otherwise the detected signals in the set of PSS and SSS codes cannot be paired up to obtain the Physical Cell ID hypotheses. 
2.4.  Negative Impact on Measurement Guard Period
The only way to facilitate measurements of PSS/SS pairs with 6ms gap periods under all system time offset conditions is to extend the measurement time by two OFDM symbols on both ends of the measurement window.  This has to come at the expense of the 0.5ms switch time, since the total of 6ms guard period is fixed.  In Table 1 below, we show the reduction in available switching time, for both the normal and extended CP cases. 

	CP type
	Nominal guard period within measurement gap (μs)
	Active measurement window extension   (μs)
	Available guard period            (μs)
	Guard Period Reduction (%)

	Normal
	500
	2 x 71.4 = 142.7
	357.3
	29

	Extended
	500
	2 x 83.3 = 166.7
	333.3
	33


Table 1   Reduction in Switch Time Allowance
In our opinion, the guard period reduction is significant enough to warrant the consideration of some kind of a workaround solution. 
2.5.  Possible Solutions
In the following, we list possible solutions to the problem identified above. 

1. Specify that the RRM requirements only apply when making TDD measurements from a synchronous TDD or FDD system

2. Increase the 6ms measurement gap period to 7ms when making TDD measurements

3. Ensure that the measurement gap periodicity is sliding relative to the 5ms TDD half-frame period time scale

Note that option 3) doesn’t eliminate all impacts on RRM measurements; it just ensures that an adverse measurement gap-to-target frame synchronization scenario doesn’t persist over a longer measurement period. It is TBD whether a small relaxation in the detection time requirement would be necessary in conjunction with Option 3).  
In spite of this drawback, Option 3) seems to be the only realistic solution.   

Note that, based on previous LSs received from RAN2, it is already under consideration that measurement gap period should be changed from multiples of 5ms to other values, where the proposed values all evenly divide the SFN repetition period. 
Based on the above considerations, selecting from the following set of possible measurement gap periods would be desirable:

· Gap repetition period   { 32ms,  64ms,  128ms } 

Note that 32ms and 128ms are closest to the previously agreed 40ms and 120ms gap repetition periods.  

Since 5 is a prime number, if the gap repetition period was chosen to be a power of 2, it would be guaranteed that the measurement gap-to-target frame synchronization scenario repeats in every 5th measurement gap, therefore the occurrence of any worst case scenario in a measurement gap sequence is reduced by 80%.   

3. Conclusion
In this document we considered possible problems with the currently defined measurement gaps for TDD(TDD and FDD(TDD mobility. 

We proposed choosing 32ms and 128ms gap repetition periods. If this proposal is accepted, we also further propose considering the need for a 20% relaxation in cell detection time requirements for TDD when measurements are made from an asynchronous LTE system. 

4. Reference
[1] TS35.133 v8.1.0
[2] TS36.101 v8.2.0
1
1

