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1 Introduction

During the RAN1#42bis meeting, a new text was included in section 6.2.1 of the TR 25.814 [1] to address coexistence of the EUTRA TDD system with the existing UTRA TDD system. Indeed, in case of coexistence of UTRA and EUTRA in the same geographical area on adjacent channels [2, section 8.3], it may be advantageous to avoid simultaneous transmission of uplink (UL) and downlink (DL) slots depending on the transmitter and receiver characteristics (RAN4 issue). In order to cope with this coexistence issue, two approaches for frame design were proposed: a generic frame structure [1, section 6.2.1.2] and multiple fixed frame structures [1, section 6.2.1.1]. In the generic approach, the same numerology and parameters (number and duration of sub-frames, OFDM parameters) as in the FDD frame are used. By using idle symbols, interference between UL and DL slots is avoided at a small cost in spectral efficiency. In the multiple fixed frame approach, two different frame structures are described, one compliant with UTRA TDD LCR [3, section 5.A] and the other compliant with UTRA TDD HCR [3, section 5]. Frame parameters are the same as in UTRA TDD but are completely different from current EUTRA parameters.

In this contribution, we first describe the two frame structures in order to cope with UTRA TDD coexistence. Then, we propose some techniques to improve the spectral efficiency of the generic frame structure. Finally, the spectral efficiencies of both approaches are compared in the case of EUTRA TDD – UTRA TDD LCR coexistence on unpaired bands and in the case of standalone (green field) EUTRA TDD deployment.

2 Two approaches to cope with EUTRA TDD - UTRA TDD coexistence

In this contribution, we will avoid the name sub-frame, as it is ambiguous: it designates 1/20 of the frame (0.5 ms) in the generic structure and 1/2 of the frame (7 timeslots of 0.675 ms) in the LCR-TDD specific structure. We will use slot instead.

2.1 A specific approach (UTRA LCR TDD case)

The fixed frame structure described in [1, section 6.2.1.1] is the UTRA TDD LCR frame [3, section 5.A] with the additional feature of allowing multiple switching points. However, the presence of multiple switching points in the E-UTRA frame structure is not compatible with the single switching point of UTRA LCR TDD and so is not appropriate in the coexistence scenario.

Thus, to ensure coexistence, the frame structure is exactly the same as in UTRA TDD LCR. As depicted in Figure 1, there are two fixed DL/UL switching points per frame and at most one UL/DL switching point per half-frame. At the positions of the fixed DL/UL switching points, there are a downlink pilot time slot (DwPTS), an idle period (GP1) and an uplink pilot time slot (UpPTS). An idle period GPa is systematically inserted in each slot, to allow RF switch between UL and DL.

	[image: image21.bmp]


	Figure 1: Specific frame in case of coexistence with UTRA TDD LCR


In stand-alone deployment, when EUTRA does not coexist with a UTRA TDD LCR system, the flexibility in UL/DL repartition may be increased by allowing additional DL/UL switching points per half-frame as depicted in Figure 2. The duration of these idle periods GP2 is a multiple X2 of symbol durations. Similarly, GP1 may be extended by a multiple X1 of symbol durations taken out of the first UL slot of each half-frame to cope with large cells.
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	Figure 2: Specific frame in stand-alone deployment


Despite an easy coexistence with UTRA TDD LCR thanks to exactly the same positioning of DL and UL slots in the frame and a good dimensioning of the UL/DL idle period, the fixed frame structure induces several drawbacks:

· A serious loss of commonality with EUTRA FDD, e.g. meaning different structures for full duplex (FD) FDD, half duplex (HD) FDD and TDD, and different parameter sets including pilots, which is considered by the operators [8] as a key obstacle for a stand-alone deployment of EUTRA in both paired and unpaired bands;

· The need of an alternative frame structure to also ensure coexistence with UTRA TDD HCR, which represents a high risk to have two TDD modes with completely different technologies;

· A loss of flexibility due to the existence in each frame of two predetermined half-frames of 5 ms: in each of these half-frames the first slot is devoted to DL transmission and the second slot to UL transmission. As a result, both the range and granularity of DL/UL possible asymmetry, which are however key benefits of TDD, are significantly reduced. 

· The existence of short fields, i.e. DwPTS and UpPTS, within each half-frame of 5 ms.  The use of these fields within the E-UTRA system has not been clarified and it is unclear that they are needed for E-UTRA or represent the best way to perform synchronization.   It is also likely that if these fields are used for synchronization they would not then be aligned with the procedures adopted for FDD.

· The over-dimensioning of the DL/UL idle period;

· The systematic insertion of the UL/DL idle period GPa in each slot, i.e. even when they are not needed.

2.2 A generic approach

The frame structure described in [1, section 6.2.1.2] uses the same slot duration as in FDD [6]. An idle period is inserted only at switching points, when a downlink slot is followed by an uplink slot or when an uplink slot is followed by a downlink slot. The idle period duration is chosen as a multiple (X for the DL/UL idle period and X’ for the UL/DL idle period) of a symbol duration. Thus, in a stand-alone deployment, full flexibility is offered to the operator for setting the number of switching points and the DL/UL asymmetry without changing the basic transmission parameter set. The generic frame structure is depicted in Figure 3, X depends on the cell size and X’ is equal to one.
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	Figure 3: Generic frame structure in stand-alone deployment


To ensure coexistence with a UTRA TDD system, several methods may be applied depending on the UL/DL repartition of this UTRA TDD system interfering with the EUTRA system [7]. In the method depicted in Figure 4, additional idle symbols are inserted to avoid any interference between UL and DL slots to ensure coexistence with a UTRA TDD LCR system. In the method depicted in Figure 5, this interference is further minimised by also introducing a time shift between the EUTRA frame and the UTRA frame. The latter method may be advantageous in term of spectral efficiency for some UL/DL repartitions. 
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	Figure 4: Generic frame structure with UTRA TDD LCR coexistence requirements (insertion of idle symbols only)
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	Figure 5: Generic frame structure with UTRA TDD LCR coexistence requirements (time shift 0.175 ms and insertion of idle symbols)


Advantages of the generic structure are:

· High commonality with EUTRA FDD, i.e. same structures for full duplex (FD)-FDD, HD-FDD and TDD, same parameter set including pilots and synchronization reference signal;

· Same generic frame structure and parameter set for stand-alone deployment, coexistence with UTRA TDD LCR and coexistence with UTRA TDD HCR;

· Full flexibility in selecting DL/UL asymmetry and positioning switching points to adapt to the different traffic profiles and latency requirements.

Drawbacks are:

· Over-dimensioning of both the DL/UL and UL/DL idle periods (Note however that this over-dimensioning is reduced by suppressing the UL/DL idle period and using timing advance as explained in section 3.1);

Note that the effective transmission duration is different from one slot to another, depending on the presence or not of an idle period. However, EUTRA will have anyway to cope with different cell sizes, and thus different idle period durations. In case of large cells, the specific method faces the same issue. Furthermore, in a system allowing FD-FDD, HD-FDD and TDD, to handle both paired and unpaired bands, EUTRA will anyway have to work with different effective transmission durations. 

3 Methods to improve spectral efficiency

3.1 Timing advance based UL/DL idle period

In the generic frame structure, full flexibility is offered for adapting the idle period according to the cell coverage by replacing a multiple number of DL and/or UL symbols by idle symbols. In that way, the same set of transmission parameters is used whatever the cell range. 

However, the reservation of a whole symbol duration (Cf. Figure 3), either from the preceding UL timeslot or from the following DL timeslot, for the short UL/DL idle period that is required at each UL/DL switching point as written in [1, section 6.2.1.2] may lead to excessive over-dimensioning of the UL/DL idle period, and thus to a loss of spectral efficiency. 

As a better alternative (Cf. Figure 6), it is possible to create the UL/DL idle period with timing advance mechanisms. Indeed, as a result of being a multiple of the duration of either DL or UL symbols, the preceding DL/UL idle period duration may be larger than the sum of the idle durations required at both DL/UL and UL/DL switching points. For instance, with a 5 km cell radius and parameters given in [1, section 7.1.1], a reservation of the DL/UL idle period taken out of the preceding DL slot leads to a DL/UL idle period duration of 71.35 us. In contrast, the DL/UL required duration is only 41 us, i.e. 33 us of round trip delay and 8 us of switching time, whereas the UL/DL required duration is approximately equal to 8 us. In this case, as depicted in Figure 7, it is possible to shift in advance the alignment of UL slots at the Node B by adding to the conventional timing advance value transmitted to each UE an incremental timing advance value (t, which is slightly larger than 8 us and common for all UEs, so as to create the needed UL/DL idle period without any specific reservation of symbols for this idle period. With the EUTRA parameters and a 5 km cell, the reservation of an UL/DL idle period is not necessary and it does not increase the number of symbols reserved at the DL/UL switching point (X = X’’). A reduction of the total number of idle symbols is thus obtained.
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	Figure 6: Generic frame without reservation of an UL/DL idle period
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	Figure 7: Use of timing advance to create an UL/DL idle period 


3.2 UE-specific idle period

From [2, section 7.4], EUTRA should be operated with optimal performance for cell radius shorter or equal to 5 km. However, EUTRA should also be operated in larger cells with radius up to 100 km. In this case, provision of a generic frame structure with capability to adapt the idle period durations to the coverage requirements without altering the transmission parameter set is particularly interesting.

Whatever the proposed frame approach, a cell-specific DL/UL idle period according to the cell coverage may lead to excessive loss of active transmission duration, especially for UEs that are close to the Node B. Therefore, it has been proposed in [4] to allow a UE-specific idle period dimensioning for EUTRA half duplex operation. This process does not require any specific signalling. It is only based on the timing advance information that is already sent by the Node B to each UE. It may be seen as a specific scheduler with UE-specific scheduling restrictions according to its distance from the Node B: a close UE will have the opportunity to be scheduled on all but the last symbols of the slot whereas a farther UE will only be able to receive data on a smaller number of symbols. It should be noted that such a feature is anyway expected to handle both FD and HD UE in paired bands.

3.3 Use of short-block in UL

Due to the existence of both long and short blocks in SC-FDMA, there is also the possibility to improve the granularity of the idle periods. By assigning a short block as idle (rather than a long block), the active portion of the sub-frame may be adjusted in steps of approximately 33μs providing a closer match to specific deployment sizes. Examples of sub-frame formats adopting this approach are given in [9].

This could also be achieved in the OFDM case through the use of a half-length symbol as described in [5].

4 Spectral efficiency comparison

In this section, we evaluate the frame efficiency for both the fixed frame structure and the generic frame structure according to the percentage of DL slots per frame. The frame efficiency is calculated as a percentage corresponding to the ratio of the average number of DL and UL modulation symbols per frame over the system bandwidth. For the generic frame structure, the parameters given in [1, section 7.1.1] and [1, section 9.1.1] are considered for DL OFDMA and UL SC-FDMA transmission respectively. For the fixed frame structure, the parameters proposed in [10] are used for DL and UL OFDMA. For simplicity, we assume here a system bandwidth of 5 MHz but results can be easily extended to other bandwidths.

4.1 EUTRA coexistence with UTRA TDD LCR

In this section, we assume co-existence requirements with UTRA TDD LCR. 

Due to the limited flexibility of the UTRA TDD LCR frame, which requires one DL/UL switching point and allows at most one UL/DL switching point per half-frame, a DL/UL asymmetry corresponds to only one configuration of switching points.

Figure 8 represents the frame efficiency versus the DL/UL repartition. The fixed frame, which is always compatible with the UTRA TDD LCR frame exhibits a constant frame efficiency of 75.6%.. Only using insertion of idle symbols as explained on Figure 4, the generic frame efficiency ranges between 76.8% and 79.8% (red curve). Using a fixed time shift of 175 us as explained on Figure 5, the percentage efficiency for the generic frame structure is increased and ranges between 78.6% and 83.4% (green curve). Finally, choosing the most favourable method for each asymmetry, the generic frame provides a 4% increase of frame efficiency compared to the fixed frame, which faces significant losses due to the unnecessary idle period GPa located at the end of each slot and the DwPTS and UpPTS fields. 
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Figure 8: Efficiency of the generic frame [1, section 6.2.1.2] and the fixed [1, section 6.2.1.1] frame for coexistence with UTRA TDD LCR.



4.2 Stand-alone deployment of EUTRA

In this section, we do not assume any constraint of coexistence with any other TDD system so that full flexibility is offered to the operator for selecting an appropriate latency (related to the number of switching points) and a specific DL/UL asymmetry. For the generic frame structure, we assume that the idle period duration is always taken out of the slot preceding the switching point.

Figure 9 depicts the frame efficiency versus the DL/UL repartition for a cell radius of 5 km. Curves concerning the fixed frame structure are in dotted lines whereas curves concerning the flexible frame structure use solid lines. For each frame structure, the maximum (green) and minimum (red) frame efficiencies are given, which correspond to the minimum and maximum number of switching points respectively. The frame efficiency averaged over all possible numbers of switching points per asymmetry is also represented (black). 
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Figure 9: Efficiency of the generic [1, section 6.2.1.2] and fixed [1, section 6.2.1.1] frames (stand-alone deployment)


First, we see the larger range of DL/UL asymmetry that is offered by the flexible frame structure, from 5% of DL slots per frame up to 100%. In contrast, the fixed frame structure only offers a DL/UL asymmetry ranging between 14% and 86 % of downlink slots. Note also that due to a larger slot duration, the fixed approach exhibits a larger granularity of asymmetry (7% compared to 5% for the generic approach). 

For each asymmetry, there always exists a generic frame configuration, which corresponds to a minimum number of switching points, having a larger frame efficiency (83.1%) than the fixed frame approach, whose maximum efficiency is 75.6% due to the unnecessary DwPTS and UpPTS fields, and the GPa idle period located at the end of each slot.

When latency needs to be optimized, a maximum number of switching points is desirable, which leads to a significant decrease in the frame efficiency. Despite its higher flexibility to allow frame designs with regularly interleaved DL and UL slots, the generic frame structure never shows an efficiency which is worse than the fixed approach. However, the generic frame efficiency decreases down to 75% only when minimum latency has to be ensured. 

On average, the generic frame structure has an efficiency which is at least 5.6% larger than the fixed frame structure. 

In Figure 10, the better efficiency of the generic frame structure is confirmed by using the timing-advance based UL/DL idle period dimensioning proposed in section 3.1. With this additional feature, the generic frame structure takes benefit from the DL/UL idle period over-dimensioning and shows an increase of efficiency in every configuration. In particular, the average efficiency is never lower than 81% and the minimum efficiency is 78%. Thus, despite its flexibility to support a larger asymmetry range and a larger number of switching point configurations, the generic frame structure always exhibits better performance than the fixed frame structure. 
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Figure 10: Efficiency of the generic frame [1, section 6.2.1.2] with timing-advance based UL/DL idle period (section 3.1) and fixed frame[1, section 6.2.1.1] (stand-alone deployment)


5 Summary

In [1], two different frame structures have been proposed for half duplex operations. In this contribution, some techniques have been proposed to improve the spectral efficiency of the generic frame structure:

· The suppression of the UL/DL idle period by appropriately using the timing advance mechanism and the use of idle UL short blocks to improve the granularity of idle duration and hence decrease the total idle period duration in a frame for small and large cells. 

· The UE-specific idle period to decrease the idle period duration for large cells.

As a result of its perfect alignment with the UTRA TDD LCR frame which leads to the design of specific set of transmission parameters, the specific frame proposed for EUTRA TDD operation [1, section 6.2.1.1] exhibits quite a low frame efficiency for any kind of asymmetry in the case of coexistence requirements with a UTRA TDD LCR system. 

When using the generic frame structure [1, section 6.2.1.2] for such a co-existence and applying a constant time shift of 175 us to the frame, the frame efficiency is always larger.

Besides, the generic frame structure is preferred for many reasons:

· Compatibility with FDD is preferable to avoid unnecessary divergence between FDD and TDD;

· Latency should be minimised [2, section 6.2]: a shorter slot duration (0.5ms) is preferable.

· The efficiency of the generic structure as proposed in [1, section 6.2.1.2] in the stand-alone mode is intrinsically better than the one of the specific frame structure. In addition; there are simple ways to further minimise the idle duration of the generic structure, e.g. by suppressing the UL/DL idle period overhead as proposed in section 3.1 or by allowing UE-specific idle period [4]. 

Tight compatibility with UTRA TDD LCR may be useful at the starting point of deployment. However, it will then lead to unnecessary spectral efficiency loss in stand-alone mode when EUTRA will be predominant. The generic frame structure enables an interim coexistence mode to be supported as carriers migrate from UTRA TDD to E-UTRA without compromising the ultimate efficiency of the E-UTRA system and whilst retaining maximum commonality with EUTRA in paired spectrum.

6 Text proposal

<<<<<<<<<<<<<<<<<<<<<<<<<<< start of text proposal>>>>>>>>>>>>>>>>>>>>>>>>>>>>>

6.2.1.2 Approach 2 –Generic frame structure

The second approach uses a generic frame structure to support backward compatibility with existing UTRA TDD systems. The frame structure is aligned with E-UTRA FDD.
HCR-TDD coexistence

The HCR-TDD timeslot duration THCR-TDD is related to the E-UTRA sub-frame duration TE-UTRA of sections 7.1 and 9.1 / 9.2 according to the relationship:
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Hence, the E-UTRA uplink and downlink may be aligned with the HCR-TDD uplink and downlink provided that the HCR-TDD UL:DL timeslot split is of the form 
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, where n is an integer. In this case, the E-UTRA UL:DL split is
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. An example alignment of the HCR-TDD frame to the E-UTRA frame is shown in Figure  for a 6:9 UL:DL timeslot split. The flexible frame structure of HCR-TDD allows existing HCR-TDD deployments to be migrated to a 
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[image: image16]
Figure 6.2.1.2-1 - E-UTRA / HCR-TDD co-existence example for 6:9 UL: DL timeslot split
LCR-TDD coexistence

Coexistence between LCR-TDD and E-UTRA may be facilitated by inserting either idle symbols within the E-UTRA frame (these are required for the purposes of timing advance in any case) or idle sub-frames (which may either be inserted by the E-UTRAN scheduler dynamically or their existence may be signalled on the broadcast control channel). Applying a delay or frame offset between the LCR-TDD frame and the E-UTRA frame may allow the time allocated to idle symbols / sub-frames to be minimised. Figure 6.2.1.2-2 shows how coexistence between LCR-TDD with a 3:3 UL:DL traffic timeslot split and E-UTRA (operating in a TDD mode with the numerology of sections 7.1 and 9.1 / 9.2) can be facilitated. To increase spectral efficiency, the idle sub-frame of Figure 6.2.1.2-2 could be replaced by 4 data symbols followed by 3 idle symbols. Similarly, Figure 6.2.1.2-3 shows facilitation of coexistence of between LCR-TDD with a 2:4 UL:DL traffic timeslot split and E-UTRA. Note that the idle sub-frame shown in Figure 6.2.1.2-2 is only required for an adjacent E-UTRA carrier. For a non-adjacent E-UTRA carrier, the idle E-UTRA sub-frame can be replaced by either a downlink E-UTRA sub-frame or an uplink E-UTRA sub-frame.

[image: image17]
Figure 6.2.1.2-2 - E-UTRA / LCR-TDD co-existence example for 3:3 UL: DL timeslot split


[image: image18]
Figure 6.2.1.2-3 - E-UTRA / LCR-TDD co-existence example for 2:4 UL: DL timeslot split

In the case where there are no coexistence issues, this frame structure degenerates to frame structure of figure 6.2.1.x. This figure is for illustrative purposes only. As can be seen in figures 6.2.1.2-1, 6.2.1.2-2 and 6.2.1.2-3, an idle period is required only at a DL/UL or UL/DL switching point. Downlink and uplink sub-frames not adjacent to a split point do not contain idle periods. Downlink (resp. uplink) sub-frames adjacent to a split point may contain the required idle period at the beginning or end of the sub-frame as appropriate. Alternatively, the downlink (resp. uplink) sub-frame adjacent to a split may not comprise an idle period in the case that the idle period is instead provided by the adjacent uplink (resp. downlink) sub-frame. One example of the use of idle periods within the E-UTRA frame structure for a 6:4 DL:UL split is shown in Figure 6.2.1.2-4.

To increase the active transmission duration per frame, different mechanisms may be considered:

· No reservation of the UL/DL idle period which is created by using the over-dimensioning of the DL/UL idle period and the timing advance mechanism;

· UE-specific DL/UL idle period reservation.


[image: image19]
Figure 6.2.1.2-4: frame structure when there are no coexistence issues

<<<<<<<<<<<<<<<<<<<<<<<<<<< end of text proposal >>>>>>>>>>>>>>>>>>>>>>>>>>>>>
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