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1. Introduction
For TDD, the subframes of a radio frame may be allocated to UL or DL.  In here, the periodicity of the allocation as well as the allocation flexibility is discussed. It is proposed that the periodicity shall be 
· 10ms for the generic frame structure with 1ms subframe duration, and
·  5ms for the alternative frame structure with 0.675ms subframe duration.  

Further, for the generic frame structure, it is proposed to constrain the flexibility of allocating subframes to UL and DL to 25 different possibilities.
2. Discussion
For TDD operation, there are currently two frame structures, the generic frame structure with 1ms subframe duration and the alternative frame structure with 0.675ms subframe duration.

2.1. Generic frame structure with 1ms subframe duration

For the generic frame structure with 1ms subframes, subframe #0 and subframe #5 are always allocated for downlink transmission, whereas the remaining eight subframes may be allocated to either uplink or downlink [1].
Recently, there has also been some discussions on the e-mail reflector regarding the periodicity in of the allocation of subframes to UL and DL as well as whether all 2^8=256 of allocations of subframes to UL and DL are to be allowed.
Regarding the periodicity, a common view appears to be that the periodicity is 10ms, meaning that the allocation of subframes to UL and DL is the same in each 10ms radio frame.   A greater periodicity, such as 20ms or 40ms could be used to do finer allocation of resources to UL and DL.  In Figure 1, two example allocations with periodicity 5ms and 10ms are shown.
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Figure 1 Illustration of different periodicities, 5ms (top) and 10ms (bottom),

Additionally, since idle periods are currently foreseen to be used in between consecutive allocations of UL and DL subframes, a way to reduce the overhead could be to not switch between UL and DL in every radio frame but rather every second or fourth radio frame. This overhead reduction would however come at the cost of increased latency.  Even though large cell ranges up to 100km are to be supported, there is no need to optimize for large cells, in which large guard periods could be required. Further, a periodicity greater than 10ms could impose additional requirements on downlink control signaling and also have an impact on radio frame synchronization.  Based on this it is proposed to have a periodicity of 10ms.

One may further reduce the flexibility by having at most one switch from DL to UL with consecutive DL and UL subframes during the first 5ms and the last 5ms of radio frame. This means that the number of possible allocations could be reduced from 256 to 25 assuming a periodicity of 10ms. In Figure 2, the 25 such possible allocations are shown.
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Figure 2 Allocations of subframes to UL and DL for at most one switch from DL to UL during 5ms.
Further limiting the flexibility would be to make the allocation of subframes to UL and DL the same during the first and last 5ms of each radio frame so that the periodicity of the allocation is 5ms.  This would allow five different allocations between UL and DL and would result in rather coarse flexibility and would only allow for DL:UL allocations 2:8, 4:6, 6:4, 8:2 and 10:0. More importantly however are the facts that for large cells, each pair of switches may require a relative large guard period, and that multiple subframes may need to be allocated to UL in order to provide long enough UL periods for random access.  For such large cells, it may still be desirable to have a rather downlink heavy asymmetry which means that only one pair of switches would be used in a 10ms radio frame.  Based on this, either 25 or 256 possible allocations are the preferred alternatives.   

Further, to enable co-existence with HCR UTRA TDD, allocation of subframe pairs to UL and DL may be of interest. This since the duration of a subframe pair is 2ms which coincides with the duration of three slots of HCR UTRA TDD.  Since subframe #0 and #5 are downlink, then either subframe #1 and #4 or subframe #6 and #9 need to be allocated to DL. In this way it is possible to construct 10 additional allocations as given in Figure 3.
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Figure 3 Allocations of 2ms subframe pairs to UL and DL.
In total, there are then up to 35 recommended allocations of subframes to UL and DL. There is also some redundancy among the allocations. The allocations in Figure 3 may be constructed by appropriate shifts of the two allocations at the top to the left in the Figure 3 and one of the allocations in Figure 2. This would reduce the number of allocations to up to 27.
Unless there are convincing arguments from a latency or channel sounding perspective, we believe that it currently would be beneficial to constrain the flexibility and allow for at most 35 possible allocations.   The primary reason is not to reduce the downlink control signaling on the broadcast channel, but rather to simplify the control signaling design. 

Finally, in Table 1, the number of possible allocations for different DL:UL asymmetries are given. As can be seen, there is quite some redundancy, so further reduction of the number of allocations could be considered.

	DL:UL

	10:0
	9:1
	8:2
	7:3
	6:4
	5:5
	4:6
	3:7
	2:8

	1
	2
	7
	4
	9
	4
	5
	2
	1


Table 1 Number of allocations for different asymmetries
2.2. Frame structure with 0.675ms subframe duration

For the frame structure with 0.675ms subframe duration, one could in principle consider using a periodicity being a multiple of 5ms, such as for example 10ms.   However, the frame structure provides a better granularity in allocation of resources between UL and DL than what would be the case if the periodicity for the generic frame structure was set to 5ms.  Additionally, from a co-existence with LCR UTRA TDD perspective, a periodicity of 5ms is adequate. Based on this, it is proposed to use a 5ms periodicity for the frame structure with 0.675ms subframe duration, even though a larger periodicity, such as 10ms could be considered.
3. Conclusion
Based on the discussion above, it is proposed to have 
· periodicity of 10ms for the generic frame structure with 1ms subframe duration and,
· periodicity of 5ms for the alternative frame structure with 0.675ms subframe duration.  

Further, unless there are convincing arguments regarding latency or channel sounding aspects, we propose to constrain the flexibility so that most 35 possible allocations of subframes to UL and DL are possible. This is expected to simplify further system design including control signaling.  Further constraints on the flexibility could be considered.
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