

TSG-RAN WG1 #60bis                                                  R1-101823
Beijing, China, 12th – 16th April 2010

Source:          ZTE

Title:             Timing between RN and eNB in TDD

Agenda Item:     6.6.1.1
Document for:    Discussion and Decision

1 Introduction 

DL and UL timing between RN and eNB was discussed in the recent meetings. To maximize the backhaul resource utilization, a certain fixed delay or time advance can be introduced between access and backhaul subframe boundary when RN switching time is longer than the cyclic prefix. As a result, for FDD, a larger preamble time guard is needed in RN cell [1], and for TDD, the coverage of RN cell would be limited and more inter-site interference would be introduced because of the reduced GP in special subframe. In this contribution, we will discuss timing between RN and eNB in TDD for both DL and UL.

2 Relay timing case in TDD

The timing cases identified in RAN1 59bis meeting can be categorized as follows:

· Type 1: access link and backhaul link DL/UL subframe boundary is staggered by a slight fixed gap (delay or advance) for maximizing the backhaul resource, which includes DL case 1, UL case 1, 2b and 3.

· Type 2: RN Tx/Rx timing and the eNB Tx/Rx timing is strictly aligned to achieve global synchronization, which include DL case 3 and UL case 4.

· Type 3: RN DL access transmit time is advanced by several OFDM symbols with respect to DL backhaul reception time, in order for RN to receive direct link PDCCH, i.e. DL case 4.

Feasibilities of DL case 2 and UL case 2a can only be verified by RAN4, thus the two cases are not discussed in this contribution. In following discussion, 
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 represents backhaul DL/UL propagation delay depending on the distance between eNB and RN. 
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denote the timing offsets between access and backhaul subframe at the RN for DL and UL, respectively. The timing difference between RN and eNB can be shown in Table 1:

Table 1 timing offset between RN and eNB
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Because the same timing offset is applied in UL timing case 1 and case 2b [2], we do not treat them separately in this contribution.

In TDD, at least 3 OFDM symbols and 1 SC-FDMA symbol (normal CP) are reserved for DwPTS and UpPTS, with rest of the special subframe for the guard period. In cases except DL case 3 and UL case 4, due to the timing offset between RN and eNB, the GP seen at the RN is reduced. This would shrink the coverage of RN cell and introduce more inter-site interferences. Take TDD DL/UL configuration 2 for example as seen in Figure 1.
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Figure 1. DL/UL timing case in TDD mode

The GP in special subframe needs to absorb the DL delay and UL timing advance for both backhaul and access links, which reduces the margin between DL reception and UL transmission for cell edge UEs. Furthermore, potentially there would be more interference between local RN and other eNB or RNs nearby when RN switches DL transmission to UL reception during a shorten GP, as shown in Figure 2.
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Figure 2. TDD DL/UL inter-site interference
To avoid the inter-site interferences, one possible approach is to reduce the length of DwPTS and UpPTS, albeit at the cost of the backhaul capacity. 

2.1 DL case 1 and UL case 1/2b 
To maximize backhaul resource utilization, DL timing case 1 and UL timing case 1/2b can be considered. In DL case 1, DL access subframe is delayed with respect to DL direct subframe by
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, and in UL case 1/2b, UL access subframe is advanced with respect to UL direct subframe by 
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). The length of special subframe at eNB is 1 ms. Therefore, the length of RN cell special subframe is reduced to 
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 ms, as shown in Figure 3.
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Figure 3. DL case 1 and UL case 1/2b in S subframe

When
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, the length of access special subframe depends only on the propagation delay, e.g.,
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 ms, regardless of fixed delay or time advance. So the RN cell coverage and its ability to avoid inter-site interference are mainly determined by the distance between eNB and RN. When 
[image: image27.wmf]21

D>D

 and RN is allocated not extremely far (e.g. < 20 km) from eNB, the fixed-delay between UL access and backhaul 
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could compensate the backhaul propagation delay to some extent and thus improve RN cell coverage. 
2.2 DL case 3 and UL case 4

If global synchronization is sought, DL timing case 3 and UL timing case 4 should be adopted where the timing offsets (advance for DL, delay for UL) between access and backhaul subframes satisfy 
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[2][3]. Since the access DL/UL timing is strictly aligned with direct link DL/UL timing, access special subframe has the same length as the direct link as shown in Figure 4
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Figure 4. DL case 3 + UL case 4 in S subframe
While there is no reduction in access special subframe duration in DL case 3 and UL case 4, a certain backhaul resource will be wasted when eNB to RN distance is too long or too short, [2][3] .

2.3 DL case 4

In DL case 4, RN can receive the PDCCH from eNB directly by advancing DL access subframe with respect to DL backhaul subframe by a large timing offset (more than 1 or 2 OFDM symbols depending on access PDCCH duration). 

As shown in Figure 5, such timing scheme can tolerate big propagation delay in the access link. However, in the case that the timing offset between DL access and backhaul subframe satisfies
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, the DL access transmission will interfere with UL backhaul reception at the donor eNB.
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Figure 5. DL timing case 4 in TDD

Obviously, no matter which UL timing case is adopted, if RN is allocated nearby the donor eNB, there would be a significant conflict between backhaul UL and access DL in RN. For avoiding the conflict, some more backhaul resources would be wasted which leads an unacceptable backhaul capacity loss. 

2.4 Summary for different timing cases
Simply put, the length of access special subframe determines the RN cell coverage and the time margin for inter-site interference in RN. The access special subframe duration depends on the RN switching period and the backhaul propagation delay as shown in detail in table 2. Each row and column correspond to a DL and an UL timing case, respectively.
Table 2 Access S subframe duration in timing cases (ms)
	
	Case 1/ 2b
	Case 2a
	Case 3
	Case 4
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	Case 3
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	Case 4
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For example, when DL timing case 1 and UL timing case 3 are used, RN DL transmission timing is delayed by the eNB DL transmission timing, at the same time, the RN UL reception timing is advanced by the eNB UL reception timing. As a result, access S subframe duration is significantly reduced into 
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 ms. In this case, a worst RN cell coverage and range for avoiding interference are supported which might be hardly accepted.

3 Conclusion 
In this contribution, timing cases in TDD are analyzed from the aspect of special subframe duration at RN which determines RN cell coverage and the margin for inter-site interference. 

Based on above discussion, we propose that: 

· The pair of DL case 1 + UL case 1/2b can be the working assumption to maximize backhaul utilization in TDD
· The pair of DL case 3 + UL case 4 should be considered as an option for global synchronization in TDD
· DL case 4 should not be adopted in TDD.

· The pair of DL case 1 + UL case 3 should not be adopted at least for TDD.
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