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1 Introduction

This contribution is a re-submission of contribution R1-061706 originally submitted in Cannes.

In RAN1#45 meeting, concerning target 7.4 on coverage, it has been concluded that LTE TDD would be supported in very large cells only by increasing round-trip time, i.e., latency [4]. Indeed, with half-duplex communications, the downlink user throughput is reduced due to the need of a DL/UL idle period at the end of a downlink slot followed by an uplink slot. In large cells, to avoid a large efficiency loss, DL/UL switching points are inserted less frequently and thus latency is increased. For instance, in cells with a 30 km range, the throughput is reduced by 28% compared to full-duplex communications if latency is multiplied by 4, and by 64% if minimum latency is maintained (for more details, see last column of Table 1). 

To overcome this throughput/latency degradation in large cells, we show in this contribution how the long DL/UL idle period can be partially used for communication with UEs which are close to the Node B. A significant increase of the cell throughput can thus be obtained with only a small number of UEs per cell. We focus on the generic frame structure described in section 6.2.1.2 of the TR 25.814 [1].

Note that, all along the contribution, sub-frame is replaced by slot, which means here 1/20th of the frame duration.
2 The generic frame structure

In the frame structure described in [1, section 6.2.1.2], an idle period is reserved only at DL/UL switching points, i.e., when a downlink slot is followed by an uplink slot. This idle period is used to create both the DL/UL idle period and the UL/DL idle period, the latter period being adjusted thanks to timing advance mechanisms. The idle period duration is chosen as a multiple X 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 1, X depends on the cell size, the larger the cell, the higher the value of X.

	[image: image1.wmf]DL

DL

IP

UL

UL

DL

DL

IP

X symbols

DL

DL

IP

UL

UL

DL

DL

IP

X symbols



	Figure 1: Generic frame structure in stand-alone deployment


3 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, a cell-specific DL/UL idle period according to the cell coverage and common to all UEs of the cell 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 [3] to allow a UE-specific idle period dimensioning for EUTRA half duplex operation: In a given cell, a close UE will have the opportunity to receive data in 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 the UE-specific idle period dimensioning is already needed in EUTRA to handle both FD UE (without idle period) and HD UE (with idle period) in paired bands. Through this contribution, it is just proposed to extend this feature to allow a variation of the idle period duration according to the distance between the Node B and the UE. The number of symbols available for each UE is directly computed from the timing advance information that is already sent by the Node B to each UE.

	[image: image13.bmp]Figure 2: UE-specific DL/UL idle period.


Figure 2 depicts an example with a default cell-specific downlink active transmission duration corresponding to 4 symbols (light blue) which can be received by all UEs of a cell whose radius is R0 = 29.7 km. As timing-advance based UL/DL idle period is used, the required idle period for a cell radius R0 is 2R0/C + 16e-6, assuming that the sum of UL/DL and DL/UL switching times is 16 us. For UE2 and UE3 that are closer to the Node B, i.e., at an intermediate distance smaller or equal to R1 = 19 km, an additional symbol (yellow) can be received whilst still allowing timing alignment of all uplink sub-frames at the Node B. In contrast, for UEs that are farther such as UE4 and UE5, this additional symbol cannot be processed when it reaches UE4 and UE5, as they are already transmitting to guarantee timing alignment at the Node B. For UE1 which is very close to the Node B, i.e., at an intermediate distance smaller or equal to R2 = 8.3 km, two additional symbols (yellow) can be processed. 

Figure 3 illustrates the gain brought by the UE-specific idle period in a cell having a radius of 30 km and 30 users. The DL frame efficiency is depicted versus the percentage of DL slots per frame. The idle period is always reserved from the DL slot preceding the switching point. The maximum (green) and minimum (red) DL frame efficiencies are depicted, which correspond to the minimum and maximum number of switching points respectively. The DL frame efficiency averaged over all possible numbers of switching points per asymmetry is also represented (black). These DL frame efficiencies are all obtained by an averaging over all possible UE positions, i.e., by taking into account the probability of having the closest UE to the Node B within a certain intermediate distance. Indeed, the closer to Node B the closest UE is, the higher the efficiency is. 

DL frame efficiencies with cell-specific and UE-specific idle period have the same behaviour. However, with the UE-specific approach, the DL frame efficiency is increased (from 56% to 74% on average at the UL/DL symmetry). When low latency is needed (red), i.e., maximisation of the interleaving of UL and DL slots in the frame, the price to pay by the cell-specific approach is an efficiency of 36%, which is not acceptable. In contrast, the UE-specific approach offers a minimum efficiency of 71%, which allows low latency at a reduced cost in term of efficiency, even for large cells.
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a) cell-specific idle period
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b) UE-specific idle period

	Figure 3: DL frame efficiency with and without UE-specific IP dimensioning

(30 km radius, 30 users, parameters [1, section 7.1.1])


Table 1 is focusing on the UL/DL symmetry and frame configurations in which the number of switching points is maximised (minimum latency, minimum frame efficiency). Results are given for different numbers of users in the cell, different cell radii and different types of DL slot aggregations impacting latency. For cell radii lower than 8.3 km, the cell-specific idle period only consists of one idle symbol so that the UE-specific idle period dimensioning does not provide any efficiency gain. With 15 km cell radius, with low latency, the DL frame efficiency is increased from 60% to 72%, even with a low number of users in the cell. For larger cells, the gain is larger. E.g., with 30 km cell radius, the DL frame efficiency with cell-specific idle period and a maximum interleaving of UL and DL slots is quite poor (36%). The UE-specific technique enables a strong increase of DL spectral efficiency, even with only 10 users in the cell (66.5%). Both good frame efficiency and low latency are enabled in this case.

4 Summary

In this contribution, UE-specific idle period reservation has been proposed to improve the spectral efficiency of the generic frame structure for half-duplex communications by decreasing the idle period duration for large cells. Numerical results show that this technique allows both low latency and good mean frame efficiency (i.e., good average user throughput) even for very large cells, which is not achievable with the conventional cell-specific approach that is currently considered in [1].

A draft CR for TR 25.814 stating that the use of UE-specific idle period reservation can significantly increase the average user throughput especially in the case of large cells is appended. 
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	Cell radius (km)
	Number of contiguous DL slots
	Mean DL frame efficiency with UE-specific IP (1 user/cell)
	Mean DL frame efficiency with UE-specific IP (10 users/cell)
	Mean DL frame efficiency with UE-specific IP (30 users/cell)
	DL frame efficiency with cell-specific IP

	0-8.3
	1
	72%
	72%
	72%
	72%

	0-8.3
	2
	78%
	78%
	78%
	78%

	0-8.3
	4
	81%
	81%
	81%
	81%

	15
	1
	63.7%
	71.7%
	72%
	60%

	15
	2
	73.8%
	77.9%
	78%
	72%

	15
	4
	78.9%
	81%
	81%
	78%

	30
	1
	53.5%
	66.5%
	70.9%
	36%

	30
	2
	68.8%
	75.3%
	77.5%
	60%

	30
	4
	76.4%
	79.6%
	81%
	72%

	60
	1
	30.5%
	57.2%
	64.8%
	12%

	60
	2
	57.3%
	70.6%
	74.4%
	48%

	60
	4
	70.6%
	77.3%
	79.2%
	66%

	100
	2
	42.2%
	64.5%
	70.7%
	24%

	100
	4
	63.1%
	74.3%
	77.4%
	54%


Table 1: Minimum efficiency of idle period dimensioning strategies averaged on all UE possible positions.
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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 
[image: image5.wmf](

)

n

n

-

´

´

5

3

:

3

, 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 6.2.1.2-1 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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 timeslot split in readiness for a future E-UTRA deployment in an adjacent carrier. As per the LCR-TDD case, idle symbols / sub-frames may be inserted into the E-UTRA carrier when the HCR-TDD carrier does not utilise a 
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[image: image9]
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: image10]
Figure 6.2.1.2-2 - E-UTRA / LCR-TDD co-existence example for 3:3 UL: DL timeslot split


[image: image11]
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 the frame structure of Figure 6.2.1.2-4. This figure is for illustrative purposes only. Idle symbols are required only at DL/UL switching points. The idle period, required in the Node B at UL/DL switching points, is created by timing advance means.
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Figure 6.2.1.2-4: frame structure when there are no coexistence issues 
In the case where there are no coexistence issues, this frame structure degenerates to frame structure of figure 6.2.1.2-4. This figure is for illustrative purposes only. 
The use of UE-specific idle period reservation can significantly increase the average user throughput especially in the case of large cells.
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