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1 Introduction
At the previous meeting and on the email reflector, a WF on access-backhaul partitioning for relays was agreed [1]. It specifies that for TDD systems, there is TDM between the backhaul link (eNB to RN) and the RN to UE link. Similarly, there is TDM between RN to eNB link and UE to RN link. Furthermore, support of DL backhaul using UL resources for eNB → RN communication or UL backhaul using DL MBSFN for RN→ eNB is FFS.
In [2], both straightforward MBSFN method and adjusting HARQ timing method were suggested for the agreed part to enable in-band relay for UL/DL configurations 1, 2, 3, 4, 6.  In this contribution, we discuss in detail the flexibility of the combination of these two methods for these configurations. Furthermore, we summarize and analyse the existing “FFS schemes” for configurations 0 and 5 and investigate their common problem---increased interference.

2 TDD configurations

Backwards compatibility needs to be maintained for Rel-8 UEs. In particular, the HARQ timeline and grant association must conform to the Rel-8 specification.

The following table presents the HARQ timeline and grant association of all TDD configurations according to Rel-8 specification, where the number following “D/S/U” indicate in which subframe  HARQ feedback is sent  (at least 4 ms later). For example, in Configuration 1, “D7” in the column of subframe #0 indicates that the PDSCH transmitted on subframe #0 will get HARQ feedback on uplink subframe #7. Similarly, the number following “G” indicates the subframe in which the PUSCH associated to the corresponding UL Grant given on the DL subframe is sent. For example, in Configuration 1, “G7” in the column of subframe #1 indicates that the PUSCH associated to the UL Grant transmitted on subframe #1 will be sent on subframe #7.
Table 1: HARQ timeline and grant association of all TDD
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Furthermore, subframes #0, #1, #5 and #6 cannot be configured as MBSFN subframes because of the transmission of the BCH, SCH and paging channels.

3 TDD Configurations 1, 2, 3, 4 and 6

In the following, we are going to discuss the possible access-backhaul partitioning of all configurations in TDD mode except Configuration 0 and Configuration 5 by combining the straightforward MBSFN approach and adjusting HARQ timeline properly. 

For clarity, recall the straightforward MBSFN approach: use the gaps created by configuring MBSFN subframes at the relay for eNB-to-relay transmission. Use UL subframes for relay-to-eNB transmission while forbidding UE-to-relay transmission on the same UL subframe by proper scheduling. Also, both backhaul link and access link run with the same existing TDD DL/UL configuration, i.e., same downlink subframe and uplink subframe allocation, same HARQ timing and same UL grant association.
3.1 Configuration 1
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Figure 1 access-backhaul resource partitioning alternatives for configuration 1
In all figures of this contribution, numbers in the “ACK/NAK” and “GRANT” rows are interpreted in a similar way as in Table 1.  For example, the number “7” on the “ACK/NAK” row in column “subframe #1” indicates that the PDSCH transmitted on subframe #1 will get HARQ feedback on the uplink subframe #7. The number “7” in the “GRANT” row means that the UL grant transmitted on the DL subframe #1 associating with the PUSCH sent on the UL subframe #7.
For Configuration 1, with the straightforward MBSFN approach, there are three access-backhaul partitioning alternatives (essentially five alternatives) as shown in Figure 1, where:

· “M” denotes MBSFN subframe configured at relay, 
· “UL-B” indicates the UL subframe is used for relay-to-eNB transmission while UE-to-relay transmission is forbidden at this UL subframe, 
· “BOTH” means this DL subframe could either be labelled as a MBSFN subframe or a normal DL subframe. 

This demonstrates the flexibility of the straightforward MBSFN approach for TDD configuration 1.
3.2 Configuration 2
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Figure 2 access-backhaul resource partitioning alternatives for configuration 2, where
“7” in “7 or 2” of the red colour is the original feedback position in Rel-8, while “2” is 
the new feedback position w.r.t. LTE-A UEs after getting shifting signalling.

For Configuration 2, with the straightforward MBSFN approach, the access-backhaul partitioning of ALT 1 can be deployed. However, because the UL subframe #7 in relay cell now is used for relay-to-eNB transmission, the PDSCH transmitted to UEs served by relay on subframe #0, #1 will not get HARQ feedback. As a consequence, there cannot be meaningful PDSCH transmission on subframes #0 and #1. This is fine if the relay traffic load is not that high. However, if the traffic load of relay to its serving UEs is heavy, subframes #0, #1 should not be wasted, at least for LTE-A UEs. This can be achieved by shifting the UL ACK/NAK feedback to the PDSCH on subframe #0, #1 to the UL subframe #2. 
However, the LTE-A UEs must be aware of when this shift occurs. One way achieving this is by properly utilizing the bits indicating the allocation of MBSFN subframes: There are two bitmaps for MBSFN allocation: one with a length of 6 bits (one radio-frame) and a second with a length of 24 bits (four radio-frames), where “1” denotes that the corresponding subframe is allocated for MBSFN. For the one radio-frame case, the first/leftmost bit defines the allocation for subframe #3, the second bit for #4, the third bit for #7, the fourth bit for #8, and the fifth bit for #9. Uplink subframes are not allocated. The last bit is not used. Thus, the shift can be signalled by using this last bit with value “1”. A similar solution can be applied for the four radio frames solution.
3.3 Configuration 3
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Figure 3 access-backhaul resource partitioning alternatives for configuration 3
For Configuration 3, with the straightforward MBSFN approach, ALT 1 can be deployed. If in a period, the backhaul link needs more UL resources, then the UL subframe #4 can also be allocated to backhaul link as in ALT 2. This change can be indicated by “1” in the last unused bit of the 6 bits. At the same time, the PDSCH tending to LTE-A UEs on subframe #0 will get HARQ feedback on the UL subframe #2.
3.4 Configuration 4
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Figure 4 access-backhaul resource partitioning alternatives for configuration 4
For this configuration, straightforward MBSFN allocation leads to ALT1. But if more DL resources are needed on the access link, we first can transmit PDSCH to LTE-A UEs on subframe #6. A similar signalling than for Configurations 2 and 3 can be used. Furthermore, subframes #7 and/or #8 can be also allocated to the access link with both their HARQ feedback positions shifted to subframe #2 and with the reasonable assumption that transmitting PDSCH on subframe #6 has priority over allocating subframes #7, #8 to the access link. 

3.5 Configuration 6
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Figure 5 access-backhaul resource partitioning alternatives for configuration 6
Configuration 6 is a little different from other TDD configurations, because its UL HARQ process is more like FDD, i.e., any two UL subframes could be in the chain of a same synchronized UL HARQ process. For example, the UL process with its new transmission on subframe #2 could be:

 #2 (PUSCH) --> #6 (PHICH/ UL grant) --> #3 (PUSCH) --> #9 (PHICH/UL grant) --> #4 (PUSCH) --> #0 (PHICH/UL grant) --> #7 (PUSCH) --> #1 (PHICH/UL grant) --> #8 (PUSCH) --> #5 (PHICH/UL grant)--> #2 (PUSCH)……

Generally, with the straightforward MBSFN approach, ALT 1 could be a way of partitioning access-backhaul. However, as shown in the above example, with the absence of the UL subframe #4, any UL HARQ process could be affected and the earliest available retransmission chance after the PUSCH transmission on subframe #3 will be the UL subframe #7 24ms later. This latency is long. 

This situation can be mitigated for LTE-A UEs by shifting the PHICH corresponding to the PUSCH transmission on subframe #3 to subframe #0 in the next frame. Thus, the earliest available retransmission chance after the PUSCH transmission on subframe #3 will be the UL subframe #7 only 14ms later. Similarly, if the resulting new HARQ timeline is employed, it will be indicated by “1” in the last unused bit.
3.6 Summary

We showed that, for configurations 1, 2, 3, 4 and 6, combining the straightforward MBSFN approach and the adjustment of the HARQ timeline was a flexible and efficient solution. Configurations 0 and 5 were not discussed however. The next section will describe potential problems with these two configurations.

4 Configurations 0 and 5

There are several potential schemes to solve type1 relay backhaul transmission when donor eNB is with UL/DL configurations 0 or 5:

· DL eNB and RN MBSFN subframe as UL backhaul transmission method,
· UL subframe as DL subframe method, 
· S subframe as backhaul transmission method. 
These three methods will be analyzed separately in the following sections. Also their common eNB to eNB interference problems are indicated in simulation results in the appendix.
4.1 DL eNB and RN MBSFN subframe as UL backhaul transmission method
This method is used to enable backhaul transmission for configuration 5. In configuration 5, there is only one complete UL subframe (#2). Since no other UL subframe can be selected for backhaul transmission, DL subframes are selected as UL subframes for backhaul transmission. DL subframes0, 1, 5, 6 are reserved for the access link, so only the remaining subframes  (2, 3, 4, 7, 8,  and 9) can be flexibly selected for DL&UL backhaul transmission. For the backhaul, they need to be configured as MBSFN subframes. One example is shown in Figure 6: DL subframes 7, 8, 9 and 3 are configured as MBSFN subframes (denoted as D_M).
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Figure 6 DL subframe as UL subframe for configuration 5
One concern of this method is the increased eNB to neighbouring eNBs interference as shown in Figure 7，　when there is simultaneous UL and DL  transmissions in neighbouring cells. This level of interference is not acceptable as shown in the appendix.
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Figure 7 eNB to eNB interference for DL subframe as UL subframe
The solution to this problem is to use the same subframe configuration in neighbouring cells: configure all the same subframes in other neighbouring cells with the DL MBSFN subframe as UL subframe when these cells are deployed with RN; or alternatively configure such subframe in the other cells just as MBSFN subframe. The corresponding interference scenario is shown in Figure 8.

[image: image9.emf]RN

Donor

eNB

RN

Donor

eNB


Figure 8 interference reduction for DL subframe used as UL  subframe
The unscheduled subframe and new guard time for eNB to eNB interference avoidance loss need to be carefully considered for network performance evaluation with relay.
4.2 UL Subframe as DL Subframe method 
This method aims to solve the backhaul transmission problem for configuration 0. The DL subframes are subframes 0, 1 5, and 6, which cannot be configured as MBSFN. The method consists in configuring some of the UL subframes as DL subframes for backhaul transmission.  As an example, Figure 9 illustrates the method for subframes 4 and 8 configured as DL & UL backhaul separately.
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Figure 9 UL subframe as DL subframe for configuration 0
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Figure 10 eNB to eNB interference for UL subframe as DL subframe
The concerns of this method are similar as for Section 4.1: simultaneous UL and DL transmission in neighbouring cells. In order to avoid this interference, all the UL as DL subframes should be used as eNB to RN or just kept blank when no RN is deployed.
4.3 Special Subframe as Backhaul Transmission
This method consists in using the special subframe S for backhauling transmission. The guard period and UpPTS part are used for UL backhaul transmission. Figure 11 shows how the method works for configuration 5. 
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Figure 11 special subframe as backhaul for configuration 5
Alternatively, the guard period part can be used for DL backhaul transmission, as shown in Figure 12 for configuration 0. 
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Figure 12 special subframe as backhaul for configuration 0
The main problems of this method include:

· eNB to eNB interference
· Less UL resource for backhaul. 

· Backhaul resource allocation is not flexible

Due to these problems, this solution appears to be not attractive.

5 Conclusion

In this contribution, we propose to combine the straightforward MBSFN approach and adjusting the HARQ timeline properly as a solution of access-backhaul link partitioning for configurations 1, 2, 3, 4 and 6. For configurations 0 and 5, we summarize the potential schemes. Both their advantages and disadvantages are analysed. These two configurations are not very attractive being used for relaying. 
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Appendix

Interference investigations

In this section we will investigate the common eNB to eNB interference problems of section4. Geometry is given for DL subframe used as UL subframe, UL subframe as DL subframe, S subframe as backhaul transmission. For simplicity, only one relay is deployed.

Simulation parameters are at the end of this appendix.

Scenario1 DL subframe as UL subframe 

In this scenario, RN is deployed in the cell 0 of site 0 and configured DL as UL for backhaul (cell 1 & 2 configured as MBSFN subframe), other cells without relay and still configured as DL access link. Then cell 0 will receive interference from eNBs of other sites. The RN UL geometry SINR for case1&3 is shown in Table 2.
Table 2 RN UL geometry SINR for DL used as UL in scenario 1
	
	Case1
	Case3

	Geometry SINR_dB
	-2.482
	-31.3109


Scenario2 UL subframe as DL subframe or S subframe for backhaul transmission

In this scenario, RN is deployed in the cell 0 of site 0 (cell 1 & 2 are blank in this subframe), configured UL as DL or S subframe for backhaul; Other cells without relay still use UL subframe for UL access link or keep S subframe as usual. Then cell 0 eNB will cause interference to eNB of other sites. The UL geometry SINR CDF of tier2 & 3 cells and also UL geometry SINR CDF without RN are shown in figure 13 & 14.
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Figure 13 UE’s UL geometry SINR for scenario 2 case 1
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Figure 14 UE’s UL geometry SINR for scenario 2 case 3
From the above two scenarios’ results it can be seen that the interference among neighbouring eNBs is unbearable. By configuring the same subframes in every site of the network as (DL as UL or just as MBSFN subframe), or (UL as DL or just blank) we can avoid this possibility, however the subframe loss and additional guard period should be carefully considered when make further evaluation.

Simulation Parameters

	Parameter
	Assumption

	Cellular Layout
	Hexagonal grid, 19 sites, 3 cells per site

	Inter-site distance
	Case1 500m, case3 1732m

	Load
	Average 10 UE per sector, 

	Antenna Bore-sight points toward flat side of cell (for 3-sector sites with fixed antenna patterns)
	


	Users dropped uniformly in entire cell
	


	
	

	Bandwidth
	10MHz

	Total eNB TX power (Ptotal)
	46dBm – 10MHz 

	Relay transmit power (Ptotal)
	30dBm for 10MHz 

	UE power class
	 23dBm (200mW)

	eNB antenna gain plus cable loss
	14 dBi for micro, macro cell case

	Relay cell antenna gain plus connector loss
	7dBi for relay donor antenna to macro;

	UE antenna gain
	0 dBi

	Noise figure at eNB
	5dB

	Noise figure at relay
	5dB

	Noise figure at UE
	9dB

	
	

	Distance-dependent path loss
	eNB to UE: L=128.1 + 37.6log10(R)

Macro to relay: L=124.5 + 37.6log10(R)
Relay to UE: L=140.7 + 36.7log10(R)
eNB to eNB (Free space): L=98.42+20*log10(R) 
R in kilometers

	Minimum distance between UE and cell
	>= 35 meters

	Penetration Loss  
	Macro to relay: 0 dB
eNB to eNB: 0dB

relay to UE & eNB to UE: 20dB

	
	

	Antenna pattern (horizontal)

(For 3-sector cell sites with fixed antenna patterns)
	
[image: image16.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q



[image: image17.wmf]dB
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	Antenna pattern (vertical)

(For 3-sector cell sites with fixed antenna patterns)
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	Combining method in 3D antenna pattern
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