
3GPP TSG RAN WG1 meeting #61bis
R1-103487
Dresden, Germany, 28th June-2nd July, 2010
Source:
CATT 

Title:
Considerations on Relay Backhaul Control Channels in LTE-A

Agenda Item:
6.6.1
Document for:
Discussion and Decision
1. Introduction

Many contributions discussed the design of new downlink control channel R-PDCCH for relay backhaul link [1]-[4]. It is also pointed out in [5] that the Rel-8 PDCCH can be reused as R-PDCCH, hence avoiding defining new R-PDCCH in Rel-10. The overhead of R-PDCCH and PDCCH is analyzed for different deployment cases in [6]. In this contribution, we analyze the impacts of reusing Rel-8 PDCCH as R-PDCCH, mainly from the perspective of backhaul resource utilization.
2. Discussion
Rel-8 PDCCH can be used for relay backhaul resource assignment in the following scenarios:
· Initial RN configuration
· Out-band relay

· Sufficient isolation between backhaul and access link

· Sufficient eNB and RN DL timing offset

In order to achieve low cost relay deployment, half duplex relay shall be supported. Reusing Rel-8 PDCCH as R-PDCCH for half duplex relays requires that the RN DL timing is advanced relative to the eNB DL timing. Figure 1 shows an example, where eNB and RN have three and two PDCCH OFDM symbols respectively. For RN to receive all eNB PDCCH OFDM symbols, RN DL timing shall be advanced three OFDM symbols, taking into account the guard period for RN Tx/Rx switching. Consequently, the last a few OFDM symbols are not available for DL backhaul transmissions, leading to inefficient backhaul resource utilization. The detailed analysis on backhaul resource utilization is shown in the next section.
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Figure 1: An example for eNB and RN DL timing offset
2.1. Backhaul resource utilization

For half duplex RNs, Tx/Rx switching time shall be reserved in a DL backhaul subframe. Figure 2 shows the “regular backhaul DL timing”, where two OFDM symbols in a backhaul DL subframe are reserved for GP. In [7], a delayed backhaul DL timing scheme is described to maximize the number of available OFDM symbols for DL backhaul transmissions. This “improved backhaul DL timing” only uses one OFDM symbol for GP, as shown in Figure 3. Table 1 lists the number of available OFDM symbols for DL backhaul transmission, with different eNB and RN PDCCH durations and assuming RN does not need to read the eNB PDCCH. Note that since a DL backhaul subframe is an MBSFN subframe in the relay cell, the RN PDCCH comprises either 1 or 2 OFDM symbols. It is observed that with the “improved backhaul DL timing” scheme, one additional OFDM symbol is available for DL backhaul transmissions. 
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Figure 2: Regular backhaul RN DL timing
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Figure 3: Improved backhaul RN DL timing
Table 1: Available OFDM symbols for backhaul DL transmission
	# of eNB PDCCH

OFDM symbols
	# of RN PDCCH

OFDM symbols
	# of backhaul OFDM symbols

	
	
	Regular backhaul
DL timing
	Improved backhaul DL timing

	3
	2
	10
	11

	2
	2
	10
	11

	1
	2
	10
	11

	3
	1
	10
	11

	2
	1
	11
	12

	1
	1
	11
	12


2.2. Loss of backhaul resource and restrictions for reusing Rel-8 PDCCH
In order to reuse Rel-8 PDCCH as R-PDCCH, RN DL timing needs to be advanced and the last several OFDM symbols cannot be used for DL backhaul transmission. Tables 2 – 4 list the number of available OFDM symbols for DL backhaul transmission, with different eNB and RN PDCCH durations and RN DL timing advances. Both the regular and improved backhaul DL timing are included. The percentage of loss in Tables 2 – 4 are relative to the corresponding values in Table 1, where Rel-8 PDCCH is not reused as R-PDCCH.

It is observed that the loss of backhaul resources caused by reusing Rel-8 PDCCH varies from 9% – 30%. While it is possible to fix the number of eNB and RN PDCCH durations for minimal backhaul resource loss, reusing Rel-8 PDCCH and having RN DL timing advances may lead to following drawbacks:

· Restriction on RN DCI format placement in eNB PDCCH

· Loss of Rel-8 CRS (port 0/1)
· Restriction on eNB/RN PDCCH OFDM durations

· Restriction on RN antenna port configurations

Table 2: Resource loss and restrictions for eNB/RN timing offset 1 OFDM symbol
	# of eNB PDCCH

OFDM symbols
	# of RN PDCCH

OFDM symbols
	# of backhaul OFDM symbols 
(% of loss)
	Restrictions

	
	
	Regular backhaul
DL timing
	Improved backhaul 
DL timing
	

	3
	2
	9 (10%)
	10 (9.1%)
	RN DCI in 3rd eNB PDCCH

	2
	2
	N/A
	N/A
	N/A

	1
	2
	N/A
	N/A
	N/A

	3
	1
	9 (10%)
	10 (9.1%)
	RN DCI in 2nd/3rd eNB PDCCH

	2
	1
	10 (9.1%)
	11 (8.3%)
	RN DCI in 2nd eNB PDCCH

	1
	1
	N/A
	N/A
	N/A


Table 3: Resource loss and restrictions for eNB/RN timing offset 2 OFDM symbols
	# of eNB PDCCH

OFDM symbols
	# of RN PDCCH

OFDM symbols
	# of backhaul OFDM symbols
 (% of loss)
	Restrictions

	
	
	Regular backhaul
DL timing
	Improved backhaul 
DL timing
	

	3
	2
	8 (20%)
	9 (18.2%)
	RN DCI in 2nd/3rd eNB PDCCH

	2
	2
	9 (10%)
	10 (9.1%)
	RN DCI in 2nd eNB PDCCH

	1
	2
	N/A
	N/A
	N/A

	3
	1
	8 (20%)
	9 (18.2%)
	RN DCI in any eNB PDCCH

	2
	1
	9 (18.2%)
	10 (16.7%)
	RN DCI in any eNB PDCCH

	1
	1
	10 (9.1%)
	11 (8.3%)
	RN DCI in any eNB PDCCH


Table 4: Resource loss and restrictions for eNB/RN timing offset 3 OFDM symbols
	# of eNB PDCCH

OFDM symbols
	# of RN PDCCH

OFDM symbols
	# of backhaul OFDM symbols
(% of loss)
	Restrictions

	
	
	Regular backhaul
DL timing
	Improved backhaul 
DL timing
	

	3
	2
	7 (30%)
	8 (27.3%)
	Loss of CRS (port 0/1)

	2
	2
	8 (20%)
	9 (18.2%)
	Loss of CRS (port 0/1)

	1
	2
	9 (10%)
	10 (9.1%)
	Loss of CRS (port 0/1)

	3
	1
	7 (30%)
	8 (27.3%)
	Loss of CRS (port 0/1)

	2
	1
	8 (27.2%)
	9 (25%)
	Loss of CRS (port 0/1)

	1
	1
	9 (18.2%)
	10 (16.7%)
	Loss of CRS (port 0/1)


2.3. Comparison of R-PDCCH overhead

From the above analysis, reusing Rel-8 PDCCH causes 9% – 30% resource loss on backhaul link. On the other hand, a new R-PDCCH in the Rel-8 PDSCH region shall also reduce the amount of resources available for backhaul data transmissions. In this section, we estimate the amount of resources for R-PDCCH.

In detail, we combine the link level and system level simulations to estimate R-PDCCH overhead in the Rel-8 PDSCH region. Considering the current agreement of R-PDCCH that DL grant is sent in the first slot, Figure 6 shows the DL grant detection performance, with partial Rel-8 CRS simulation setup (two antenna ports and 3km/h) in [8]. In other words, the Rel-8 CRS other than in the first two OFDM symbols of a subframe is used for R-PDCCH demodulation. Figure 7 shows the backhaul geometry CDF, assuming relay nodes are fixed within each cell, while other system simulation parameters are the same as in [9]. 

Assuming a required R-PDCCH detection performance of 1% BLER, Table 5 shows the percentages of relay DCI formats at different Rel-8 CCE aggregation levels, using the backhaul geometry CDF for 4RNs per cell in Figure 7. Hence, an average of 1.06 CCEs are required for the transmission of a relay DCI format.
Table 5: Percentages of RN DCI formats in terms of Rel-8 CCEs
	Aggregation level (CCEs)
	1
	2
	4
	8

	Percent (%)
	97
	2.3
	0.4
	0.3


Assuming 10 OFDM symbols are available for backhaul transmissions and DL grant spans 4 OFDM symbols in first slot, as well as one DCI for each RN, Table 6 shows the R-PDCCH overhead for different numbers of RNs and different system bandwidth, without considering the overhead for reference signals. 
Table 6: R-PDCCH overhead

	Number of RNs Scheduled in one backhaul subframe
	System bandwidth (MHz)

	
	5
	10
	20

	1
	1. 27%
	0.64%
	0.32%

	2
	2.54%      
	1.27%
	 0.64%

	4
	5.09%
	2.54%   
	1.27%

	10
	12.72%
	6.36%
	3.18%


It shall be noted that the number of RNs in Table 6 refers to the number of RNs scheduled in one backhaul subframe. In practice, it is expected that the typical number of RNs scheduled per subframe shall be smaller than 10. Supporting backhaul transmissions for more RNs can be done via TDM. Note that the R-PDCCH overhead may be slightly under-estimated for larger system bandwidths (i.e. 10 MHz and 20 MHz), since the R-PDCCH link simulations assume the size of DCI format 1 with 5 MHz. 

Comparing the R-PDCCH overhead in Table 6 with the 9% – 30% backhaul resource waste of reusing Rel-8 PDCCH in Tables 2 – 4, it is observed that a new R-PDCCH design in the Rel-8 PDSCH region leads to less overhead. Furthermore, in case Rel-8 PDCCH is reused for R-PDCCH, DCIs for RNs shall still be transmitted on the Rel-8 PDCCH region, which is not counted as overhead in Tables 2 – 4.
2.4. Impacts on TDD systems

For TDD systems with relay deployment, eNB/RN timing offset may cause DL/UL collision at RN, as shown in Figure 4, where RN DL timing is advanced by three OFDM symbols to receive eNB PDCCH. DL/UL collision at RN occurs if timing advance is more than twice of the propagation delay between eNB and RN.
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Figure 4: An example for DL/UL collision in TDD system
An approach to avoid DL/UL collision at RN was discussed in [5], as shown in Figure 5. However, this approach may have the following impacts:

· Advanced eNB UL timing reduces the OFDM symbols in the special subframe, effectively reducing the number of applicable special subframe configurations;
· Less resources for data transmission due to reduced OFDM symbols in special subframe;
· Reduction of eNB coverage due to less available OFDM symbols as GP.
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Figure 5: An example for avoiding DL/UL collision

3. Conclusions

In this contribution, we discuss the impacts of reusing Rel-8 PDCCH as R-PDCCH by advancing the RN DL timing relative to the eNB DL timing. It is observed that such scheme may lead to inefficient backhaul resource utilization and several impacts on TDD systems. While it is possible to reuse Rel-8 PDCCH as R-PDCCH in several scenarios, it is our preference that a new R-PDCCH design is necessary for the support of inband half duplex relay in Rel-10.
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Figure 6: R-PDCCH BLER, for Rel-8 DCI format 1 of 5MHz (Partial CRS, 2 antenna ports and 3km/h)
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Figure 7: Backhaul geometry CDF, with fixed RNs in cell
Note that site planning and directional antenna are applied, and the result for 4RNs per cell is used in the calculation of R-PDCCH resource overhead.
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