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1. Introduction
RAN1 has been agreed that the set of DL backhaul subframes during which DL backhaul transmissions occur is semi-statically assigned [1]. However, whether the set of UL backhaul subframes is implicitly derived from the DL backhaul subframes or explicitly indicated is still under discussion. This contribution discusses some options for RTT for UL backhaul considering the possibility of supporting low-cost relays that are not required to do concurrent transmissions (reception) on downlink and uplink carrier frequencies (See a companion contribution that discusses such relays and associated DL/UL timing diagrams). 

2. Background

The RN can designate periodic subframes as MBSFN subframes to create transmission gaps to receive downlink from the eNB. At most six out of ten subframes (SF#1,2,3,6,7,8) in a Radio Frame can be declared as MBSFN for FDD. We discuss FDD operation in the rest of this document. 

For FDD, the Rel-8 HARQ timing relationship is as follows: 

· For a downlink data transmission in DL subframe n, the corresponding UL A/N is transmitted in UL subframe n+4.

· Rel-8 UL is synchronous with RTT of 8 ms. For an UL data transmission in UL subframe n, 

· The PHICH to enable non-adaptive retransmissions is sent in DL subframe n+4. 

· An UL grant to enable an adaptive retransmission may be sent in DL subframe n+4, or n+12, and so on. Typically, an UL grant sent in DL subframe n results in an uplink data transmission in UL subframe n+4.  
3. HARQ timing and relay complexity

In a companion contribution, it is shown that low-cost relays requiring lower hardware costs may be supported by not requiring the RN to concurrently transmit (receive) on DL and UL carrier frequencies, by allowing shortened uplink backhaul transmissions[3]. In this case, the backhaul links and access links are temporally separated at the RN.
· RN→eNB and RN→UE links are TDM 

· eNB→RN and UE→RN links are TDM 

The above implies that only the backhaul uplink and downlink transmissions at an RN can occur concurrently and similarly only the access uplink and downlink transmissions at an RN can occur concurrently. 
From a HARQ and backhaul subframe perspective, it implies that the backhaul uplink and backhaul downlink subframes are aligned (it is also possible in certain cases only one of these links is active at the RN) and they are non-aligned access link subframes where the RN is sending legacy DL subframes (e.g.  0,4,5,9) or receiving uplink signals from its UEs (it is possible the RN could ignore UE transmissions when sending/receiving on the backhaul). 

In previous contributions [4][5][6][7][8], it was mentioned that DL backhaul subframe assignments with period-10 MBSFN pattern with 10ms uplink RTT or period-40 MBSFN pattern with 8 or 16ms uplink RTT) an RN could support the Rel-8 HARQ A/N timing at least for the following:

· For a backhaul downlink data transmission in DL subframe n, the corresponding UL A/N is transmitted in UL subframe n+4.

· When an RN receives an uplink grant on a backhaul DL subframe n, it will send the corresponding backhaul uplink data transmission in UL subframe n+4.  
For convenience, we refer to the above as ‘n/n+4’ timing. In this contribution, we compare the impact of the above timing wrt the efficiency of the low-cost relays. As a complement, we also consider a case where the 4ms timing is changed to 5ms timing that fits better with the MBSFN periodicities. This is referred to as ‘n/n+5’ timing for brevity. Note that this timing is related to only the backhaul links (eNB->RN and RN->eNB) and all other links (eNB and UE, and RN and UE) follow Rel-8 timing. 

4. Comparison of Backhaul Subframe assignment with 4ms A/N timing and 5 ms A/N timing 
4.1. For Relays that do not support concurrent Tx (Rx)
Since the MBSFN subframe signalling is (typically) periodic with period 10ms and the Rel-8 UL HARQ timing is synchronous with 8ms periodicity, there may be clashes between the UL backhaul subframe transmission and UL access subframe reception at the RN if there is no change in timing relationship for the RN [2]. If not resolved, the clashes may lead to lost acknowledgements and lost grants at the eNB and the RN, thus impacting performance. 

For Relays that do not support concurrent Tx (Rx), the eNB has to set DL backhaul subframe patterns that allows the relay to create suitable transmission gaps (via MBSFN) in access DL for the backhaul UL and DL transmissions. This depends on the backhaul HARQ timing because the relay cannot transmit an uplink A/N coinciding with a unicast access DL subframe.

In the following we take the 24-bit MBSFN at the RN and set all the potential MBSFN subframes as MBSFN subframes. This provides the best backhaul throughput for the RN as it has created the maximum possible transmission gaps. Working backwards, it is easy figure out on which subframes can the RN receive DL backhaul data and UL backhaul data, repectively for the ‘n/n+4’ and ‘n/n+5’. Figure 1 shows the subframe utilization in terms of number of SubFrames per Radio Frame (nSFpRF) for the ‘n/n+4’ scheme. The figure shows that the RN has to declare six subframes as MBSFN subframes (SF#1,2,3,,6,7,8) but it can only utilize four SFpRF for receiving its backhaul transmissions on the uplink and downlink. 

In some subframes, although the RN has created transmission gaps, the RN is not fully able to utilize them for both UL and DL (e.g. SF#3 is only eNB->RN and no RN->UE).  Moreover, on some DL access subframes (e.g. SF#4), the RN can schedule PDSCH to its UEs but it cannot receive the corresponding A/N as those are “lost” and hence consider it during MCS selection. 
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Figure 1. Figure shows the subframe utilization in terms of number of backhaul subframes per Radio Frame (SFpRF) for the ‘n/n+4’ timing for relay declaring six access DL subframes as MBSFN.
It is noted that for the ‘n/n+4’ scheme :

· If certain UL backhaul subframes  a+4  are empty (e.g. no uplink grant for a+4  and  no backhaul data on DL subframe a  and/or no UL control for a+4) the RN can schedule its users on DL subframe a+4 although it is labeled MBSFN. 

· Note this is true only for scheduling Rel-10 users but not Rel-8/Rel-10 users.  This may require the eNB to explicitly or implicitly inform the RN to not send any control information in that subframe.

· Similar argument as above holds for DL subframe, but in that case the RN has to decode the RPDCCH as early as possible and finding no DL grant, switch to receive access link uplink (subframe or portion of the subframe). This may be more challenging given the latency but likely TDM+FDM RPDCCH can potentially enable this.
Figure 2 shows the subframe utilization in terms of number of SubFrames per Radio Frame (nSFpRF). The figure shows that the RN has to declare six subframes as MBSFN subframes (SF#1,2,3,,6,7,8) and that  it can utilize all the MBSFN subframes maximally, e.g.. with six SFpRF for receiving its backhaul transmissions on the uplink and downlink. On the remaining four SFpRF, the can serve its UE. Thus in conclusion, the ‘n/n+5’ allows for better backhaul utilization relative to the ‘n/n+4’ scheme while the two schemes have the same access link utilization. Again the access link has two unacknowledgable subframes.
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Figure 2 - For Relays that do not support concurrent Tx (Rx) and for the ‘n/n+5’ timing : Figure shows the subframe utilization in terms of number of SubFrames per Radio Frame (SFpRF) for the ‘n/n+5’ timing for relay declaring six access DL subframes as MBSFN (shown in red for simplicity). 
Note that similar to the above ‘n/n+4’ case, the RN could use any unused backhaul resources in a better fashion. Again, the TDM+FDM RPDCCH can provide latency benefits that would help this case. 
The same comparisons can be made for other cases. For ‘n/n+4’, the Dl/UL backhaul subframes do not always overlap, requiring the RN to use more subframes as MBSFN relative to the ‘n/n+5’, where the DL/UL backhaul always overlap. 

The ‘n/n+5’ timing leads to the following: 

· For a given UL subframe, the eNB scheduler is required to make the scheduling decisions for RNs and UEs at two different points in time. This implies some change on the eNB scheduler, but since the HARQ timing relationships is the same for all RNs, it is possible for the eNB to have a semi-static split of resources for RN backhaul (dynamically shared by all RNs) and serving eNB’s UEs.

· RN has to declare MBSFN subframes to its UEs in multiples of 2 (e.g. 2,4,6), but the eNB can assign the RN any number of DL backhaul subframes it desires (from 1 to 6 per Radio Frame). 

· Potential for synchronous UL and DL backhaul HARQ. 

The ‘n/n+4’ timing leads to the following: 

· For a given UL subframe, the eNB scheduler is required to make the scheduling decisions for RNs and UEs at the same time. Thus the eNB can dynamically share resources between its UEs and RN. 

· RN can declare MBSFN subframes in any arbitrary 24-bit pattern to its UEs, and the eNB can assign the RN any number of DL backhaul subframes it desires (from 1 to 6 per Radio Frame). 

· Potential for synchronous UL and DL backhaul HARQ. 

Thus, following is a conclusion 

It is observed that the backhaul HARQ timing ‘n/n+5’ provides better backhaul subframe efficiency for the low-cost relays that are not required to do simultaneous transmit (receive) on the DL and UL carrier frequencies. 
For Relays that do not support concurrent Tx (Rx), the eNB has to set DL backhaul subframe patterns that allows the relay to create suitable transmission gaps in the UL and DL, based on HARQ timing. 
4.2. For Relays that support concurrent Tx (Rx)
Like earlier, we take the 24-bit MBSFN pattern at the RN and set all the potential MBSFN subframes as MBSFN subframes. This provides the best backhaul throughput for the RN as it has created the maximum possible transmission gaps. Working backwards, it is easy figure out on which subframes can the RN receive DL backhaul data and UL backhaul data, repectively for the ‘n/n+4’ and ‘n/n+5’. 

For Relays that support concurrent Tx (Rx), the eNB can set any arbitrary 24-bit DL backhaul subframe patterns (of course excluding 0,4,5,9) that allows the relay to create suitable transmission gaps in the UL and DL. 

Figure 3 shows the subframe utilization in terms of number of SubFrames per Radio Frame (nSFpRF) for the ‘n/n+4’ scheme. The figure shows that the RN has to declare six SubFrames as MBSFN subframes (SF#1,2,3,6,7,8) and can utilize it fully for backhaul. In this case at the RN, for all DL access subframes, the uplink A/N can be received 4 ms later. 

Figure 4 shows the subframe utilization in terms of number of SubFrames per Radio Frame (nSFpRF) for the ‘n/n+5’ scheme. The figure shows that the RN has to declare six subframes as MBSFN subframes (SF#1,2,3,6,7,8) and can utilize it fully for backhaul. But there are two access DL subframes on which it can schedule UEs but cannot receive the corresponding A/N. 
Even in this case, the RN can reuse any unused backhaul subframes for access link based on the RPDCCH, processing latency (in scheduling UEs), etc. 
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Figure 3. For Relays that support concurrent Tx (Rx) and for the ‘n/n+4’ timing : Figure shows the subframe utilization in terms of number of backhaul SubFrames per Radio Frame (SFpRF) for relay declaring six access DL subframes as MBSFN.
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Figure 4 - For Relays that support concurrent Tx (Rx) and for the ‘n/n+5’ timing : Figure shows the subframe utilization in terms of number of backhaul SubFrames per Radio Frame (SFpRF) for the ‘n/n+5’ timing for relay declaring six access DL subframes as MBSFN.
The following table shows the comparison between the HARQ timing wrt the maximum MBSFN pattern used in the RN. It shows that there is a trade-off between the ‘n/n+5’ and ‘n/n+4’ wrt to the backhaul subframe utilization and access link utilization. 

· For n/n+4 timing, the backhaul/access link utilization of relays that support concurrent transmit(receive) is better. Relays that do not support concurrent transmit(receive) have good backhaul but suboptimal access DL because the RN may not receive A/N from UEs for some access DL transmissions.

· For n/n+5 timing, better backhaul subframe efficiency is achieved for low-cost relays but both categories of the relays have suboptimal access DL because the RN may not receive A/N from UEs for some access DL transmissions. 
Table 1 - Table showing the comparison between the ‘n/n+4’ and ‘n/n+4’ timing for different relay categories for maximum MBSFN subframes at RN.
	 
	Relays that do not support concurrent Tx (Rx)
	Relays that support concurrent Tx (Rx)

	 
	n/n+4 timing
	n/n+5 timing
	n/n+4 timing
	n/n+5 timing

	 
	subframe utilization 
	subframe utilization 
	subframe utilization 
	subframe utilization 

	eNB->RN backhaul DL
	4 SFpRF
	6 SFpRF
	6 SFpRF
	6 SFpRF

	RN->eNB backhaul UL
	4 SFpRF
	6 SFpRF
	6 SFpRF
	6 SFpRF

	RN->UE2  access DL
	2 SFpRF (plus 2 w lost feedback)
	2 SFpRF (plus 2 w lost feedback)
	4 SFpRF
	2 SFpRF (plus 2 w lost feedback)

	UE2->RN access UL
	4 SFpRF
	4 SFpRF
	4 SFpRF 
	4 SFpRF


Conclusion 

Relay backhaul HARQ and DL subframe assignment with 4ms and 5ms A/N timing (time between DL data reception to UL A/N tx , time between receiving UL grant and transmit on UL) was discussed with respect to  

· Relays supporting concurrent transmit (receive) on DL and UL carrier frequencies.

· Low-cost (single transceiver per antenna) relays that do not support concurrent transmit (receive) on DL and UL carrier frequencies. This can be enabled by defining shortened backhaul UL subframe. 

The following are the conclusions: 

· Relays  that can concurrently transmit (receive) on the DL and UL carrier frequency have more efficient DL access with n,n+4 backhaul A/N timing than backhaul A/N timing n,n+5.

· Relays  that cannot concurrent transmit (receive) on the DL and UL carrier frequency have more backhaul subframes (6 vs. 4) and hence more efficient with n,n+5 backhaul A/N timing than with backhaul A/N timing n,n+4.

· It is proposed that the decision on HARQ A/N timing not rule out the low-cost (non-concurrent transmit (receive)) relay option by allowing n,n+5 backhaul A/N HARQ timing instead of n,n+4 timing.

· For either backhaul A/N timing, it is proposed that for relays that do not support concurrent Tx (Rx), the eNB sets only those DL backhaul subframe patterns that allows the relay to create suitable transmission gaps in the UL and DL (e.g. via MBSFN), based on HARQ timing. 
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