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1. Introduction 

The present document considers configurations for the DwPTS and UpPTS fields in the optimized frame structure type 2.  The duration of these fields may be chosen to 

· obtain switching point alignment with UTRA TDD system for efficient co-existence on adjacent carriers, 

· provide guard period flexibility to handle cells of different sizes and different deployments with eNodeB-to-eNodeB interference due to propagation delays and synchronization errors, 

· provide fine granularity of resource split between uplink and downlink.

In the present document we discuss the configurations required, both for TD-SCDMA co-existence as well as TD-CDMA co-existence.   We also consider guard period flexibility and to some extent the case when there are no co-existence requirements.

2. Efficient co-existence with UTRA TDD

2.1. Efficient co-existence with UTRA LCR TDD

For efficient co-existence interference between uplink and downlink is to be avoided.  For UTRA LCR co-existence, synchronization to a common time reference as well as appropriate shifting to align the UL to DL switch point is assumed.  In order to avoid eNodeB-to-eNodeB interference in a co-siting situation, we note that 

· DwPTS of LTE should not extend much beyond DwPTS of UTRA LCR TDD. Some extension can probably be tolerated assuming that the transmit power ramp down of LTE TDD will be tighter than the requirement for UTRA LCR TDD.

· UpPTS of LTE should not extend too much beyond UpPTS into GP of UTRA LCR TDD. 
At the same, we also keep in mind that the UL of LTE TDD will be subject of timing advance in order to create the guard period at the switch from UL to DL, so some margin should be left for this as well.  In Table 1, a basic set of DwPTS and UpPTS durations is given.

Table 1 DwPTS and UpPTS lengths for efficient UTRA LCR TDD co-existence

	LCR TDD
asymmetry
	LTE TDD DwPTS duration (normal CP)
	LTE TDD UpPTS duration (normal CP)
	LTE TDD DwPTS duration (extended CP)
	LTE TDD UpPTS duration  (extended CP)

	5DL:2UL
	6
	6
	5
	5

	4DL:3UL
	10,11**
	2
	8,9
	2***

	3DL:4UL$
	1
	11
	1
	9

	2DL:5UL
	6
	6*
	5
	5*


*) For the 2DL:5UL asymmetry, it is possible to extend the length of UpPTS with one symbol. However, this would leave little room for UL timing advance and to reduce the number of options, the UpPTS length is aligned with the 5DL:2UL setting instead.
**) For the 4DL:3UL asymmetry, DwPTS of LTE extends DwPTS of UTRA LCR TDD with ~11us and given that the transmit power masks for LTE TDD are tighter, we recommend to support also the longer DwPTS length. 
***) With UpPTS duration of 2, UpPTS extends about 16us into the GP. This may be possible depending on how large the guard at UL to DL is required and the transmit power mask of the base station on the adjacent carrier.
$) This configuration may also be used for efficient co-existence with 6DL:1UL
It may be noted that already in UTRA LCR TDD, a form of guard period flexibility is provided. More specifically, by means of UpPCH shifting, the transmission of timing of the UpPCH, which is received in UpPTS, may be adjusted. In this way, the guard period between UL and DL may be increased by reducing the total length of the UL period.

2.2. Efficient co-existence with UTRA HCR TDD
When it comes to co-existence with UTRA HCR TDD,   it has previously been argued in for example ‎[1] that it is sufficient to provide efficient co-existence with two UTRA HCR TDD asymmetries,  9DL:6UL and 12DL:3UL,both using one switch point pair per 10ms. It may be noted that since the currently agreed minimum DwPTS length is one (1) symbol, it will not be possible to provide efficient co-existence with 9DL:6UL using a single switch point pair per 10ms.    Still switching point alignment with four asymmetries between 10DL:5UL and 13DL:2UL can be realized.   Considering the number of UpPTS configurations required for this, we note that three of them can be realized with two UpPTS and DwPTS configurations. Further, assuming guard times of one symbol gives, gives the configurations in Table 2 below.

Table 2 DwPTS and UpPTS lengths for efficient UTRA HCR TDD co-existence

	HCR TDD
asymmetry
	LTE TDD DwPTS duration (normal CP)
	LTE TDD UpPTS duration (normal CP)
	LTE TDD DwPTS duration (extended CP)
	LTE TDD UpPTS duration  (extended CP)

	13DL:2UL
	9
	4
	7
	4

	12DL:3UL
	13
	0
	11
	0

	10DL:5UL
	9
	4
	7
	4


However, using two switch point pairs per 10ms for UTRA HCR TDD, and using different allocations of resources to UL and DL in the two 5ms radio half frames of LTE TDD, makes it possible to support efficient co-existence with even more UTRA HCR TDD DL:UL allocations. Given that RAN1 agrees that efficient co-existence is sufficient with the above mentioned asymmetries, we note that the presented configurations are enough.

2.3. Reducing the number of options for co-existence

Considering the listed configurations above for the normal CP case, we note that there are in total six options. Further, to reduce the number of options we propose to adopt DwPTS:GP:UpPTS equal to 9:3:2 instead of 9:1:4 at the cost of less than 2% efficiency. Similarly, we propose to adopt 6:4:2 instead of 7:1:4. We would then have the following configurations.

Table 3 DwPTS:GP:UpPTS configurations for efficient co-existence

	Normal CP
	1:2:11
	6:2:6
	9:3:2
	10:2:2
	11:1:2
	13:1:0

	Extended CP
	1:2:9
	5:2:5
	6:4:2
	
	9:1:2
	11:1:0


3. Guard period flexibility and non-coexistence scenarios

In the co-existence scenarios one can question the need for guard period flexibility both from a flexibility point of view and possibly also from interference between UL and DL point of view. We therefore assume that guard period flexibility is not needed in the co-existence scenarios.  

Further, for the case that there are no requirements for efficient co-existence, there can be a need for an UpPTS field used for short RACH as well as UL sounding, and since the UpPTS may possibly be used for guard period, we would therefore propose the set of configurations in Table 4 to be used for the case that there are no requirements on co-existence. Additionally, to support large cells up 100km, we need to add another configuration in which DwPTS preferably could be used only for control signaling, and we propose a DwPTS duration of three symbols for this case.

Table 4 DwPTS:GP:UpPTS configurations for the case with no co-existence

	Normal CP
	3:9:2
	9:3:2
	10:2:2
	11:1:2
	12:1:1
	13:1:0

	Extended CP
	3:7:2
	
	8:2:2
	9:1:2
	10:1:1
	11:1:0


Note though that this is subject to how UpPTS and DwPTS will be used.

4. Conclusion
In the present contribution, configurations for UpPTS and DwPTS were considered. More specifically, efficient co-existence with UTRA TDD was considered. Given that efficient co-existence by means of switching point alignment is sufficient for UTRA HCR TDD asymmetries 10DL:5UL, 12DL:3UL and 13DL:2UL,   the following is proposed

· Support the following  DwPTS:GP:UpPTS configurations

	Normal CP
	3:9:2
	9:3:2
	10:2:2
	11:1:2
	12:1:1
	13:1:0

	Extended CP
	3:7:2
	
	8:2:2
	9:1:2
	10:1:1
	11:1:0


· Discuss to what extent efficient co-existence is required for all UTRA TDD asymmetries and select  additional configurations from the following set of DwPTS:GP:UpPTS lengths

	Normal CP
	1:2:11
	6:2:6
	

	Extended CP
	1:2:9
	5:2:5
	6:4:2
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