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1 Introduction
This contribution discusses the timing alignment of UL access link subframes relative to other backhaul/access link transmissions and receptions for Type 1 relay. The main issue is which transmission to take as a timing reference to align the reception of access UL subframes at the RN. The following two alternatives were mainly considered in most of the related contributions in the RAN1#58b [1~6], for the alignment with the access UL reception timing at the RN:

· Alt. 1: Access DL transmission timing

· Alt. 2: Backhaul UL transmission timing
Depending on the timing design, the number of guard symbols required in UL backhaul subframes can be different. Alt. 1 enables retaining the access DL and UL timing relationships as defined in LTE Rel-8, at both RN and rUE (UE served by RN). Thus, the access UL timing mainly depends on the backhaul DL reception timing at the RN which is aligned with the access DL transmission timing, but is independent of the time difference between DL backhaul transmission and reception which is affected by the distance between the donor eNB and the RN. On the other hand, Alt. 2 is mainly for properly aligning the UL transmission (backhaul UL) and UL reception (access UL) timing at the RN, in order to provide the minimal guard time for the RF switching between the UL RF transmitter (backhaul UL) and the UL RF receiver (access UL). In Alt. 2, the number of guard symbols in the UL backhaul subframes is not affected by the distance between the donor eNB and the RN.
We compare the two alternatives for large and normal cell-sizes to illustrate their merits and drawbacks. The resulting timing relationships for the respective cell-sizes are shown for each of the two alternatives.
2 Comparison of the candidate approaches
We consider the following two exemplary cases to compare the two alternatives for the timing reference:

· Case 1: eNB-to-RN distance: 50 km, RN-to-rUE distance: 100 m

· TeNB-RN (propagation delay from eNB to RN): 166.7 us (longer than 2 symbols duration)
· TRN-rUE (propagation delay from RN to rUE): 0.33 us (similar to normal CP duration)

· Case 2: eNB-to-RN distance: 5 km, RN-to-rUE distance: 100 m

· TeNB-RN: 16.67 us (shorter than 1 symbol duration)

· TRN-rUE: 0.33 us (similar to normal CP duration)
As the propagation delay from donor eNB to RN is very large for Case 1 (large macro cell case), Case 1 can clearly highlight the key differences between Alt. 1 and Alt 2, which result to quite different timing relationships between DL and UL access subframes. On the other hand, for Case 2, the two alternatives result in similar timing relationships.
2.1 Case 1 (eNB-to-RN: 50 km)
Figures 1 and 2 illustrate the timing relationships between DL and UL backhaul/access subframes at the eNB/RN/rUE for Alt.1 and Alt.2, respectively. It is noted that the access DL subframe boundary (‘4’ in Figures 1 and 2) is aligned with the backhaul DL subframe boundary received at the RN (‘2’ in Figures 1 and 2) although there could be some adjustment to allow for RN transmit/receive switching, as assumed in TR 36.814.
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Figure 1: Alt. 1, Case 1 (eNB-to-RN 50 km) - Timing relationship between backhaul and access subframes
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Figure 2: Alt. 2, Case 1 (eNB-to-RN 50 km) - Timing relationship between backhaul and access subframes
Comparisons of the two alternatives are summarized in Table 1, some of which are in line with the observations given in [1~6]:
Table 1: Comparison of Alt. 1 and Alt. 2 for the alignment of access UL reception
	
	Alt. 1
(alignment with access DL transmission)
	Alt. 2
(alignment with backhaul UL transmission)

	Guard symbol overhead in UL backhaul subframe
	- Increases with an increase in TeNB-RN 

- 5 symbols in Case 1
	- Overhead is fixed and minimal (1 symbol)

	Impact on TA range 
at rUEs
	- Only depends on TRN-rUE
- Larger coverage for the timing than Alt. 2, as only affected by the RN cell size
	- Increases with an increase in TeNB-RN
- Similar value with TTA@RN (timing adjustment value applied at RN)

	Impact on TA update 
at rUEs
	- TA updates at rUEs are independent of TA update at RN
	- TA update at RN can result to TA updates at rUEs

	DL CoMP reception 
at rUEs
	- No difference between Alt. 1 and Alt. 2
- Simultaneous reception from donor eNB and RN can be supported
	- No difference between Alt. 1 and Alt. 2

- Simultaneous reception from donor eNB and RN can be supported

	UL CoMP
	- Not properly supported in large macro cells

- eNB’s reception from rUEs are delayed by about  2TeNB-RN, relative to receptions from UEs served by the donor eNB
	- Supportable if the required guard time, TeNB-RN, in UL backhaul subframes does not significantly exceed the CP duration

	PRACH preamble format for rUEs
	- Can be selected considering only the RN cell size
- Format 0 can be selected in most cases, as the RN cell will be small
	- The selection depends on both TeNB-RN and TRN-rUE
- In very large macro cells (>> 10km), longer preamble time slot would be needed, in proportion to 2 TeNB-RN, 


2.2 Case 2 (eNB-to-RN: 5 km)
Figures 3 and Figure 4 illustrate the timing relationships between DL and UL backhaul/access subframes at the eNB/RN/rUE for Case 2. As the time difference between DL backhaul transmission and reception is just 16.67 us (shorter than 1 symbol duration) for Case 2, the resulting timings look very similar for Alt. 1 and Alt. 2. Thus, the two alternatives show similar characteristics and can work well in most of the aspects discussed in Table 1.
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Figure 3: Alt. 1, Case 2 (eNB-to-RN 5 km) - Timing relationship between backhaul and access subframes
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Figure 4: Alt. 2, Case 2 (eNB-to-RN 50 km) - Timing relationship between backhaul and access subframes
3 Conclusion
Based on the assessments in this contribution, we propose to take Alt. 2, which is to align the access UL reception with the backhaul UL transmission timing at RN, as baseline for the access UL timing alignment. The benefit of Alt. 2 is that the number of guard symbols required in UL backhaul subframes does not increase with an increase in the distance between the donor eNB and the RN. Therefore, unlike Alt. 1, Alt. 2 can provide efficient utilization of UL backhaul resource, regardless of the donor eNB cell size. Some (seemingly) drawbacks of Alt. 2, e.g., larger TTA@rUE (timing adjustment applied at rUE) and longer preamble format for rUEs in very large macro cell areas, are actually what the macro cell UEs of the large cell-size experience. 
Although not preferred, if the specification allows semi-statically configuring the number of starting guard symbols in UL backhaul subframes, both Alt. 1 and Alt. 2 can be supported by the specification and which one to apply can be decided by the RN, possibly with coordination with the donor eNB. But, we are not positive if this level of flexibility is really necessary.
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