TSG RAN WG1 

R1-051180

San Diego, California USA, October 10 - 14, 2005


Source: 

Mitsubishi Electric
Title:


Idle period shortening for half duplex communications in large cells
Agenda Item:

8.3

Document for:
Discussion and Decision

1 Introduction

Consideration of half-duplex (HD) communications has been identified as necessary to deal with unpaired bands and to allow low-complexity UEs without duplexer in paired bands [4][5].

In HD systems, idle periods are required not only to avoid simultaneous reception and transmission in the HD transceiver but also to allow timing alignment of UEs’ uplink sub-frames at the Node B. As a result, the active transmission duration is reduced compared to the original sub-frame duration. An idle period is needed at an DL/UL switching point, i.e. when a downlink sub-frame is followed by an uplink sub-frame. The larger the cell, the longer this idle period [3], which is commonly based on the round trip delay between the Node B and a UE located at the border of the cell. As a wide variety of cell ranges up to 100 km are envisaged for E-UTRA [2], such a conventional approach for idle period dimensioning would result in a considerable loss of spectral efficiency for cells with large coverage. 

In this contribution, we focus on the idle period that is needed at the DL/UL switching point. We propose that E-UTRA half duplex communications allow the duration of this idle period to vary from one UE to another in the cell. Without using any specific signaling except the timing advance information which is already needed by UEs to align their uplink sub-frames at the Node B, we show how a UE-specific idle period dimensioning can increase the overall data rate for large cells.

2 Idle period dimensioning at the DL/UL switching point in half duplex communications

Let us consider a downlink sub-frame followed by an uplink sub-frame. In half duplex communications, an idle period TDLUL is needed at the Node-B between the end of the downlink sub-frame transmission and the beginning of reception of the following uplink sub-frame transmitted from a UE. This idle period has to be larger that the sum of the round trip delay (twice the propagation delay Tprop from the Node B to this UE), and the RX-to-TX UE switching time TRTUE [3] (cf. Fig 1). 
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Fig. 1: Idle period TDLUL required between two consecutive downlink and uplink sub-frames
TDLUL = 2Tprop + TRTUE.

2.1 Cell-specific idle period

It has already been proposed that the idle period should be cell-specific, i.e. dimensioned according to the cell coverage of radius R0. It is related to the round trip delay between the Node B and a UE located at the border of the cell:

TDLUL=2R0/c+ TRTUE




(1)

where c is the celerity of light.



This results in an active transmission duration that remains constant for all UEs in a same cell, as depicted in Fig.2, and decreases linearly when the cell coverage R0 increases. In the example of Fig. 2, the downlink active transmission duration corresponds to 4 symbols, e.g. 4 OFDMA symbols, which are transmitted by the Node B to UE1-UE5. It is followed by a downlink/uplink idle period and an uplink active reception duration. 
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Figure 2: Cell-specific DL/UL idle period.


Considering the various deployment scenarios requested for E-UTRA [2, section 7.4], and assuming that the switching time TRTUE is negligible, Table 1 lists the corresponding durations for TDLUL.

	Cell coverage R0
	TDLUL

	5 km
	33 (s

	30 km
	200 (s

	100 km
	667 (s


Table 1: DL/UL idle period required for typical cell coverages [2, section 7.4].

Assuming a 10 ms radio frame and only one switching point in the frame between downlink and uplink sub-frames, the throughput loss due to TDLUL is negligible for small cells but already reaches 2% for a 30 km cell radius and 7% for a 100 km cell radius. Since a larger number of switching points may be suitable to reduce the latency and benefit from channel reciprocity, the throughput loss due to idle periods might become prohibitive with such a rigid cell-specific dimensioning.

2.2 UE-specific idle period

As another more flexible approach, we propose to allow the DL/UL idle period to vary within the cell from one UE to another according to its distance from the Node B. Indeed, even if the cell has a large coverage, there may be UEs that are close to the Node B. Transmission of additional symbols specific to these close UEs is thus possible. More precisely, if the closest active UE of the cell is located at a distance RC from the Node B, a number NA of additional symbols may be transmitted to this closest UE:

NA=(2(R0-RC)/(c.TS)(





(2)

where (x( denotes the largest integer smaller than x and TS is the symbol duration, e.g. the OFDM symbol duration including the cyclic prefix in an OFDMA transmission.

Fig. 3 depicts such an example with a default downlink active transmission duration corresponding to 4 symbols which can be received by all UEs of the cell. We focus here on the parameter set given in [1, section 7.1.1], i.e. on an OFDM symbol duration of 71.4 us with short cyclic prefix. For UE2 and UE3 that are closer to the Node B, i.e. at a distance smaller or equal to R1 = 21.4 km, an additional symbol 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 a distance smaller or equal to R2 = 10.7 km, two additional symbols can be processed. 

Thus, in addition to the 4 symbols transmitted during the downlink sub-frame to all UEs, two symbols can be transmitted from the Node B and shared only by close UEs. As a result, the downlink active transmission duration can be extended according to the minimum distance between an active UE in the cell and the Node B (here the distance between UE1 and Node B).
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Figure 3: UE-specific DL/UL idle period.


Moreover, assuming a constant transmit power for all symbols of the sub-frame, the supplementary symbols may carry higher modulation and coding schemes. Indeed, the large part of the energy that is spent during the default downlink active transmission duration to reach HD UEs which are far from the Node B, i.e., with large path loss, can be reused during the transmission of the supplementary symbols for other UEs (e.g. HD UEs that are close to the Node B or even FD UEs for the case of FDD bands), which may thus benefit from an improved SNR. As a result, the data rate of these latter UEs can be drastically improved.

No specific signaling is needed to inform each UE about the number N of downlink symbols to process. This information can be extracted from the timing advance (TA) information, which is already sent by the Node B, by using the following rule:

N=((TF-TRTUE-TA)/TS(
where TF is the sub-frame duration. Sufficient protection of the timing advance information must be guaranteed, e.g. by CRC, in order to avoid errors resulting in two different timing advance values running in the Node B and in the UE respectively.

For complexity reasons, a constant MCS and subset of chunks may be assigned for each UE all along the sub-frame. In this case, no specific control information has to be included in the sub-frame to process the supplementary symbols at the UE side. However, for a better optimization of the resource, specific signaling allowing the detection of each supplementary symbol could be multiplexed in frequency within this supplementary symbol, e.g. to allow modification of the MCS and/or multiplexing from one symbol to another.

Finally, it should be noted that these supplementary symbols could alternatively be added to the uplink active transmission duration.

As a summary, the proposed method has the following advantages and drawbacks:

Advantages:


Increase of cell throughput thanks to supplementary symbols


Increase of data rate for close UEs thanks to supplementary symbols and higher MCS


Limitation of the throughput loss due to a high number of DL/UL switching points


Default sub-frame structure supported


No additional signaling required in the default sub-frame


Idle period duration being multiple of the symbol duration supported

Drawbacks:


Throughput gain depending on the presence of active UEs that are close to the Node B


Throughput gain limited to large cells only

3 Evaluation of data rate increase through UE-specific idle period dimensioning

In this section, we propose to evaluate the benefits of allowing E-UTRA half duplex communication systems to support user-specific DL/UL idle periods. In the following, we restrict the performance evaluation to a downlink multiple access as presented in [1, section 7.1.1] for a 5MHz bandwidth. We assume that the idle period duration is part of the downlink sub-frame and is a multiple of the symbol duration as considered in [1, section 6.2.1] for TDD systems, which offers significant advantages [3]. 

Fig. 4 presents the modulation data rate increase of the UE-specific idle period (IP) dimensioning compared to the cell-specific idle period dimensioning for a cell radius of 30 km. In the cell-specific dimensioning, the IP has a duration of 3 OFDM symbols whereas in the UE-specific approach it varies between 3 symbols for far UEs and 1 symbol for close UEs. For a full benefit of the additional symbol, we assume that there is always an active UE which is not farther than 10.7 km from the Node B. The modulation data rate increase is computed as the ratio of the additional number of downlink sub-carriers thanks to user-specific IP compared to the number of downlink sub-carriers offered with a cell-specific IP. For the curve referred to as single  sub-frame, the result for every percentage of downlink sub-frames is averaged over all possible downlink/uplink sub-frame repartitions within the frame, including the case of an isolated downlink sub-frame between two uplink sub-frames. In contrast, for the curve referred to as double sub-frame, the results are averaged with the additional constraint that downlink sub-frames have to be transmitted by pairs. This constraint limits the number of switching points in the frame, which reduces the IP overhead in the frame (there is no IP between DL sub-frames) but increases the latency and reduces the benefit from channel reciprocity. Similarly, for the curves referred to as triple sub-frame, quadruple sub-frame and quintuple sub-frame, the downlink sub-frames have to be transmitted by groups of three, four and five respectively, which further limits the number of switching points in the frame. First, the gain decreases when the percentage of DL sub-frames in the frame increases. When 5% of the sub-frames, i.e. only one sub-frame, are allocated to downlink, the gain reaches 50% as two additional OFDM symbols can be used with the proposed solution compared to the 4 symbols already used in the default downlink active transmission duration, 3 being required for cell-specific IP. For 50% of downlink sub-frames, the average gain of the proposed dimensioning ranges between 5% when downlink can only be transmitted by groups of 5 and 20% when full flexibility is offered to partition the frame between uplink and downlink sub-frames. For a larger number of DL sub-frames, the number of IPs decreases, which reduces the benefit of the proposed approach.
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Figure 4: Gain in modulation datarate of UE-specific IP dimensioning 

(R0=30km, parameters [1, section 7.1.1])


Fig. 5 presents the same kind of results for a cell radius R0=100 km. Here, for the cell-specific dimensioning, the IP has a duration of 10 OFDM symbols, which is larger than the number of symbols per sub-frame. This implies transmitting the downlink sub-frames 2 by 2 for replacing 10 OFDM symbols among 14 by IP when needed. Therefore, the curve referred to as single sub-frame in Fig. 4 cannot be represented here. We still assume that there is always an active user that is not farther than 10.7 km from the Node B. For the UE-specific dimensioning, the IP duration thus varies from 1 symbol for UEs within the 10.7 km radius up to 10 symbols for very far UEs. The same trend as in Fig. 4 can be observed with a larger gain due to the large amount of supplementary symbols that can be transmitted with the proposed method. For 50% of downlink sub-frames, the average gain of the proposed dimensioning ranges between 20% when downlink can only be transmitted by groups of 5 and 75% when downlink sub-frames can be transmitted by pairs.
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Figure 5: Gain in modulation data-rate of UE-specific IP dimensioning 

(R0=100km, parameters [1, section 7.1.1])


Fig. 6 presents the modulation data rate increase of the UE-specific idle period dimensioning compared to the cell-specific idle period dimensioning according to the cell radius for 50% of DL sub-frames in the frame. First, for small cells, no gain can be expected from the proposed approach since in both cell-specific and UE-specific dimensioning, the IP duration corresponds to one symbol. In case of full flexibility in the frame (single sub-frame), the average gain reaches more than 70% for a cell radius of 60 km. When downlink sub-frames can only be transmitted by groups of 2 and 5, which reduces the number of IPs and the frame flexibility, there is still a gain of 30% and 12% respectively. For very large cells with 100 km radius, these gains reach 70% and 25% respectively.
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Figure 6: Gain in modulation datarate of UE-specific IP dimensioning

(50% of DL sub-frame, parameters [1, section 7.1.1])


In addition to the increase of modulation data-rate, the supplementary symbols may also benefit from an SNR gain. Indeed, the energy spent by the Node B during the default active transmission duration to reach far UEs can be re-used during the supplementary active transmission devoted to close UEs only. The data rate increase possibly brought by a MCS with higher spectral efficiency is not taken into account in Fig. 4, 5 and 6.
The gains in data rate presented in Fig. 4, 5 and 6 are computed assuming that there is at least one active UE located close to the Node B, i.e. at a distance smaller than 10.7 km. However, the lower the number of users in the cell, the lower the probability of having this event. On Fig. 7a and 7b, the probability that there are at least NA additional symbols for a UE in the cell is depicted for different cell radii assuming that there are 10 and 30 users in the cell respectively. Even for these low numbers of users, probabilities of having additional OFDM symbols are not negligible. In the extreme case of a 100 km cell with 10 active users, there is still a 10% probability that 9 symbols are added. This probability increases to 30% with 30 users.
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(b)

	Figure 7: Probability that there are at least NA additional OFDM symbols for different cell radii.


4 Summary 

In this document, we present the benefit for half-duplex communications of allowing in the same cell variable idle period durations according to the distance of each UE from the Node B. We show that UE-specific idle period dimensioning, which is compliant with [1, 6.2.1] significantly increases the overall data rate for large cells, whilst reducing the constraint on frame dimensioning, allowing thus low latency and gain from channel reciprocity.
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6 Text proposal

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

6.2.1 TDD mode aspects

In the TDD mode of E-UTRA, sub-frames can be assigned as either uplink sub-frames or downlink sub-frames (to accommodate different traffic profiles or different functions). A downlink or uplink sub-frame consists of an integer number of symbols (some of which may be idle to allow for timing advance) with a sub-frame structure that is defined by signalling from the network. The sub-frame structure may vary from sub-frame to sub-frame within the frame to accommodate different traffic profiles and latency requirements.
From the Node B perspective, the idle period may vary from one UE to another. Active UEs that are far from the Node B require maximum idle period duration whereas active UEs which are closer to the Node B may require a shorter idle period, allowing thus the transmission/reception of additional symbols.
Downlink synchronisation reference signals and system information are contained in each frame and only occupy parts of the frame.  If the synchronisation and system information signal structures are common to TDD and FDD modes, then it may be possible to realise some benefits in terms of UE complexity.

The traffic sub-frame structure for TDD mode operation of E-UTRA is shown in Fig. 6.2.1-1. This structure supports timing advance for cells of various sizes.


[image: image8]
Figure 6.2.1-1 - Traffic timeslot structure TDD mode E-UTRA operation

In the TDD mode of operation common and / or dedicated pilots are used to help exploit channel reciprocity of the link. Distinct pilots from different antennas may be used to support multi-antenna techniques such as MIMO.

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