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1.
Introduction

As it has been pointed out in [3], FDD and TDD should have the maximum commonality based on the requirement in TR 25.913. So many results of FDD physical layer may also be used for TDD mode. But due to the duplexing method difference between FDD and TDD, there will be many different implement schemes. One important difference is uplink and downlink interference issue.
For FDD mode, uplink and downlink use different spectrum and separated by a protect spectrum to avoid the interference between uplink and downlink. So when FDD mode is designed for LTE different frame structure with current UTRA can be used and will not interfere with current UTRA system. When we design frame structure for FDD only need to consider the interference between TDD and FDD system. When spectrum allocated for FDD is enough far away from TDD spectrum mutual interference will be very small.
But design the frame structure for TDD is not the same. Uplink and downlink use the same spectrum in TDD mode and the interference between UL and DL is avoided by time interval. If LTE TDD frame structure is not the same as current 3G TDD and time slot can not be aligned, UL and DL will be overlap. Interference between two systems will be introduced. When two systems co-exist in the same geographical area on adjacent channels, the interference will be very large.
In order to reduce the interference maximally, using the same frame structure as current LCR TDD for LTE TDD has been introduced in [1]. This can not only keep the commonality with LTE FDD but also reduce the interference between two TDD systems as much as possible.  

In this document, we will do further discussion and analysis to LTE TDD frame structure defined in [1].
2.
Analysis of switching time between DL and UL for TDD frame structure [1, 5] 

A certain guard period is needed between uplink (UL) and downlink (DL) timeslots for TDD mode. As a result, the size of guard periods between DL and UL should be carefully considered when designing the TDD frame structure. In Figure 1, TS0, TS4, TS5, and TS6 are downlink timeslots, while TS2, TS3 and TS4 act as uplink; so a guard period is required at a DL/UL switching point between TS0 and TS1 as well as UL/DL switching point between TS3 and TS4.
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    Figure 1  The switching points between uplink and downlink in TDD frame structure

2.1 Guard period for switching point from downlink timeslot to uplink timeslot 
When downlink timeslot is switching to uplink timeslot, guard period (DUSP, switching point from downlink to uplink timeslot) is required as equation (1) [5]:
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R: cell radius; 

c: the celerity of electromagnetic wave;
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: the propagation delay between the Node B and a UE at the border of the cell;


[image: image4.wmf]RTUE

T
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Usually 
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 is very small and only need several microseconds (
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). Therefore, 
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is mainly dominated by the size of cell radius.

2.2 
Guard period for switching point from uplink timeslot to downlink timeslot 

When uplink timeslot is switching to downlink timeslot, guard period (UDSP, switching point from uplink to downlink timeslot) is required as equation (2) [5]:
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: the processing time at UE to switch from transmit to receive mode;
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Usually 
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 is very small and only need several microseconds (
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3.
Design analysis for TDD frame structure 

A certain guard period is needed between uplink (UL) and downlink (DL) timeslots for TDD mode. For downlink timeslot switching to uplink timeslot, guard period is mainly determined by the size of cell radius; so it is relatively large. While for uplink timeslot switching to downlink timeslot, guard period is dominated by the processing time at Node B or UE, it is only several microseconds (
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). So it is important to appropriately design switching guard period between UL and DL timeslots for improving system efficiency. 

3.1
 Guard period design for switching point from DL timeslot to UL timeslot

Some scenarios are considered in here. First, there is only one couple of switching points between DL and UL timeslots for LTE TDD frame structure [1].

Figure 1 is such a frame structure with one couple of switching points. Guard period (GP1) for DUSP locates between special downlink timeslot DwPTS and special uplink timeslot UpPTS, and its value should meet the 5km coverage requirement of optimized performance targets as noted in 3GPP TR25.913. According to the equation (1), the propagation delay for 10km (twice of 5km) is about 34us. Further considering the value of
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, the length of GP1 should not be smaller than 40us.

To meet the large coverage requirement from TR25.913, it can be considered to use part of TS1 to increase the length of GP1. It is illustrated as figure 2. TS1 releases part of time which was used as uplink data transfer originally, and then use this part as IP (Idle Period) to increase switching guard period from DL timeslot to UL timeslot. In figure 2, TS1 releases an idle period (IP) duration which equals to a multiple of OFDM symbol durations (including CP). By this means, E-UTRA TDD system can meet the LTE requirement for different coverage.
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Figure 2 A couple of switching points between uplink and downlink in TDD frame structure which can meet the large cell coverage requirement 
For the cases there are two or three couples of switching points, we can release part of time in the uplink timeslot as DUSP Guard period at the switching points which are from downlink timeslot to uplink timeslot. Figure 3 is an example that there are two couples of switching points in one 5ms sub-frame. In Figure 3, TS0, TS2, TS3, TS5 and TS6 are downlink timeslots, while TS1, TS4 act as uplink timeslots. TS4 is composed of two parts: the guard period GP2 and T4. The functionality of GP2 is the same as GP1, which acts as a protection guard period form downlink to uplink timeslots, and T4 is a part used to transmit uplink data. The duration of GP2 should change according to the coverage requirements and is a multiple of OFDM symbol durations (including CP).
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Figure3 an example of two switching points in the sub-frame structure of LTE TDD

3.2
Guard period design for switching point from UL timeslot to DL timeslot
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There are two schemes to design UDSP. The first case is to release an idle period duration (IP) at the end of each timeslot (the IP is included in the 0.675ms timeslot), as illustrated in figure 4(a). This idle period can be used as switching guard period from UL timeslot to DL timeslot. As the length of UDSP guard period is determined by the processing time at Node B or UE, usually its value is very small, just as the EUTRA TDD parameters (Timeslot Interval) from document [1], where the timeslot interval is only about 8.3
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and 9.3
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 for long and short CP mode respectively. In the second case, it will not add idle period at the end of each timeslot; only when UL timeslot is switching to DL timeslot, uplink (downlink) timeslot will release one OFDM symbol (including CP) at the beginning (end) of this timeslot for switching guard period such as figure 4(b).   

Figure 4（a）UDSP scheme 1：Set an idle period duration (IP) as switching guard period at the end of each timeslot 
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Figure 4（b）UDSP scheme 2：Set one OFDM symbol as switching guard period

Comparing the two schemes we can see that it is quite suitable to choose 9 OFDM symbols (sub-carrier spacing is 15KHz, the same as FDD mode) for 0.675ms timeslot（sub frame）[1]. In figure 4(a), each timeslot releases a small idle period (8.3 
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 for timeslot with long CP and 9.3 
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 for timeslot with short CP) which can be used for switching guard period from UL to DL timeslot. Due to adding one idle period in each timeslot, the CP length of each OFDM symbol is 16.67
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 (long CP) and 7.29
[image: image20.wmf]us

(short CP) [1] respectively. Although the CP length is shortened because of adding one idle period in each timeslot, the length of shortened CP can still meet the requirement to eliminate the effect of multi-path delay; as a result, such change only has a slight effect on system performance. What’s more, by adding one idle period in every timeslot, the system can exploit advantages such as flexible deployment for UL/DL switching point, simplified processing, reduced switching period and improved system resources efficiency.

In figure 4(b), because there is no pre-added idle period which can be used for switching guard period from UL to DL timeslot, the CP length of each symbol is a little longer than scheme 4(a), which is 17.7
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 (long CP) and 8.3
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 (short CP) respectively. However, at the switching point UDSP for such structure, it is unavoidable to sacrifice one OFDM symbol for switching guard period. Thus it will decrease the system efficiency. 

Table 1 is used for UDSP switching guard period resources comparison, when the two schemes adopt multiple UDSP switching points in one 5ms radio sub-frame.   

From table 1, it can be seen that as the number of UDSP is increased, the resource used for UDSP switching guard period is increased in scheme 4(b), while maintained unchanged in scheme 4(a) . So when the number of UDSP is increased, the resource used by scheme 4(b) will be greater than that of scheme 4(a).

Table 1The resource used for UDSP switching guard period in 5ms sub-frame by scheme 4(a) and scheme 4(b)
	

	4(a)
	4(b)

	
	Long CP
	Short CP
	Long CP
	Short CP

	the sum of guard period for One UDSP switching point(
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)
	66.4
	83.7
	84.37
	74.97

	the sum of guard period for Two UDSP switching point(
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)
	66.4
	83.7
	168.74
	149.94

	the sum of guard period for Three UDSP switching point(
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)
	66.4
	83.7
	253.11
	224.91


4.
Summary and proposal
In this contribution, frame structure in [1] has been analyzed. And also design of UL and DL switching points has been discussed. From this contribution we can see that reserve one small time interval in each timeslot in frame structure[1] can make the UL and DL timeslot switching design more flexible, easier for processing and increase system efficiency.
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6.2
Duplexing
6.2.1
TDD mode aspects
In the TDD mode of E-UTRA, subframes can be assigned as either uplink subframes or downlink subframes (to accommodate different traffic profiles or different functions). A downlink or uplink subframe consists of an integer number of symbols (some of which may be idle to allow for timing advance) with a subframe structure that is defined by signaling from the network. The subframe structure may vary from subframe to subframe within the frame to accommodate different traffic profiles and latency requirements. 

A guard period is required at a DL/UL or UL/DL switching point. Each traffic time slot should contain a small idle period (Timeslot Interval) which can be used for switching guard period from UL to DL traffic time slot. For the DL/UL switching point, if there is only one switching point between DL and UL traffic time slot in a E-UTRA TDD radio traffic time slot structure, a special guard period will be kept between the special downlink timeslot DwPTS and special uplink timeslot UpPTS. One example of guard period for one couple of switching points within a 5ms E-UTRA radio subframe structure is shown in Figure 6.2.1-1. Besides the first guard period set between the DwPTS and UpPTS, more guard periods can be provided by the uplink traffic time slot which follows the DL/UL switching point. For example, in Figure 6.2.1-2, there are two pairs of switching points in the 5ms radio sub-frame of EUTRA TDD to meet special requirements as shortened latency. In Figure 6.2.1-2, TS0, TS2, TS3, TS5 and TS6 are downlink traffic timeslots, while TS1, TS4 act as uplink, and one pair of switching points is added to reduce latency. The traffic timeslot TS4 is composed of two parts: the guard period GP2 and T4. The GP2 is a guard period for DL/UL, and T4 is a part which used to transmit uplink data.
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Figure 6.2.1-1 Example use of guard periods for one couple switching point between DL and UL traffic timeslot
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Figure 6.2.1-2 Example use of guard periods for two couple switching point between DL and UL traffic timeslot
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 subframe structure for TDD mode operation of E-UTRA is shown in Fig. 6.2.1-3. This structure supports timing advance for cells of various sizes.
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Figure 6.2.1-3 - 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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