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1. Introduction
There have been several decisions on Un subframe allocation in TDD mode. First, regarding the Un subframe allocation method, it was agreed in [1] that

· For TDD, both asymmetric and symmetric DL/UL Un subframe allocation are supported

· For TDD, explicit configuration on the set of Un UL subframes is supported

· Implicit configuration on the set of Un UL subframes is FFS.
In addition, regarding the UL/DL subframe configurations supporting Rel-10 relaying, it was agreed in [2] that

· For Type I relaying

· Supporting TDD UL-DL configurations #1, #2, #3, #4, #6 in LTE Rel-10 is the baseline

· Supporting TDD UL-DL configurations #0 and #5 in LTE later release is FFS.

· Further studies shall take the specification impact into account. 

Also, several proposals were submitted for Un subframe allocation and HARQ timeline in TDD mode [3, 4, 5]. This contribution provides our views on this issue.
2. Discussions
2.1. Un subframe allocation

As captured in the previous section, explicit configuration is agreed for the indication of the set of Un UL subframes. One remaining issue is how to define the set of UL subframes that can be configured as Un subframes. Table 1 summarizes the index of UL subframe in which UL ACK/NACK corresponding to PDSCH transmission in a DL (or special) subframe is transmitted. The yellow mark means non-MBSFN-configurable subframes.
Table 1. The index of UL subframe where the corresponding UL ACK/NACK is transmitted. 
	Configuration
	DL subframe number

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	7
	7
	-
	-
	8
	2
	2
	-
	-
	3

	2
	7
	7
	-
	7
	2
	2
	2
	-
	2
	7

	3
	4
	2
	-
	-
	-
	2
	2
	3
	3
	4

	4
	2
	2
	-
	-
	2
	2
	3
	3
	3
	3

	6
	7
	8
	-
	-
	-
	2
	3
	-
	-
	4


In order to utilize the Rel-8 HARQ timeline as much as possible, in choosing a Un UL subframe, it is reasonable to select a UL subframe which is associated with an MBSFN-configurable subframe in which Un DL transmission can happen. For example, in UL-DL configuration #1, subframe #3 and #8 can be allocated to Un link as they are associated with subframe #4 and #9 that can be used for Un DL transmission. Similarly, subframe #3 (associated with subframe #7 and #8) can be allocated to Un link in UL-DL configuration #3
, and subframe #4 (associated with subframe #9) can in UL-DL configuration #6. By this allocation, UL ACK/NACK blocking can be avoided in Uu link; there is no UL ACK/NACK from R-UEs in a Un UL subframe as the DL subframe which is associated with a Un UL subframe is also allocated to Un link.

In case of UL-DL configuration #4, there is no UL subframe which is associated only with MBSFN-configurable subframe(s); both subframe #2 and #3 are associated with subframe(s) that are not MBSFN-configurable. In this case, it is preferable to allocate subframe #3 to Un link as the number of the associated non-MBSFN-configurable subframes is smaller than that of subframe #2. To be specific, subframe #3 is associated with one non-MBSFN-configurable subframe (subframe #6) but subframe #2 is associated with three non-MBSFN-configurable subframes (subframe #0, #1, #5). By this allocation, we can mitigate the UL ACK/NACK blocking problem in Uu link although it is impossible to avoid this problem completely. In case of UL-DL configuration #2, the ACK/NACK transmission timing is symmetric in subframe #2 and #7, so both can be considered for Un UL subframe allocation.
Proposal 1: The set of UL subframes that can be allocated to Un link is given as follows:

UL-DL configuration #1: {#3, #8}
 
UL-DL configuration #2: {#2, #7}

UL-DL configuration #3: {#3} 

UL-DL configuration #4: {#3}

UL-DL configuration #6: {#4}
Table 2 shows the index of DL subframe in which the corresponding UL grant is transmitted. The green mark means that the UL subframe can be allocated to Un link by Proposal 1. In the table, we can observe that all the marked subframes are MBSFN-configurable which means that DL Un transmission can occur in these subframes. Therefore, by assigning the corresponding DL subframe to Un link, it becomes possible to reuse the UL grant timing defined in Rel-8 TDD system. We note that this requires some restriction in explicit subframe allocation (e.g., subframe #9 should be allocated to Un DL if subframe #3 is assigned to  Un UL in UL-DL configuration #1) but it can be treated as an implementation issue. 
Table 2. The index of DL subframe where the corresponding UL grant is transmitted. 

	Configuration
	UL subframe number

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	-
	-
	6
	9
	-
	-
	-
	1
	4
	-

	2
	-
	-
	8
	-
	-
	-
	-
	3
	-
	-

	3
	-
	-
	8
	9
	0
	-
	-
	-
	-
	-

	4
	-
	-
	8
	9
	-
	-
	-
	-
	-
	-

	6
	-
	-
	5
	6
	9
	-
	-
	0
	1
	-


Proposal 2: Rel-8 UL grant timing is reused in Un UL.

The method based on proposal 2 can be operated in simple manner compared to the scheme [5] that select the optimal value among pre-defined combinations for each TDD UL-DL configurations (#1, #2, #3, #4, #6).
2.2. ACK/NACK timing in Un UL

As it is possible to use explicit Un UL subframe assignment with the possibility of asymmetric allocation, it does not seem to be easy to define a single ACK/NACK timing in Un link. For example, in case of UL-DL configuration #1, two DL subframes (#4 and #9) can be assigned to Un DL while two UL subframes (#3 and #8) can be assigned to Un UL. Thus, the UL ACK/NACK timing should be adjusted depending on the subframe allocation. Suppose that DL subframes #4 and #9 are allocated to Un DL. If both UL subframes #3 and #8 are allocated to Un UL, it is possible to use Rel-8 ACK/NACK timing in Un link. However, if only subframe #3 is assigned to Un UL, DL data transmission in subframe #4 should be acknowledged in subframe #3, which is different from the existing TDD HARQ timeline. Similar observation can be made in other UL-DL configurations.

One simple way to deal with this issue is to define a rule in determining ACK/NACK transmission timing in Un link. To be specific, Un DL transmission in subframe #n is acknowledged in the first Un UL subframe that appears after #(n+3), i.e., the first Un UL subframe among subframes #(n+4), #(n+5),... By doing this, there is no need to define all the possible ACK/NACK timelines per UL-DL configuration and Un subframe allocation result.

Proposal 3: Un UL ACK/NACK timing is determined such that Un DL transmission in subframe #n is acknowledged in the first Un UL subframe that appears after #(n+3).

In the Appendix, based on former description of our proposal, the preferred TDD DL/UL Un subframe allocation and associated HARQ timelines will be shown. For each TDD UL-DL configurations (#1, #2, #3, #4, #6), figures of examples describe the operation that UL ACK/NACK blocking probability in Uu link can be possibly reduced among every possible case.
2.3. Coping with ACK/NACK blocking in Uu link

As discussed above, it is possible for a RN to lose UL ACK/NACK transmission from R-UEs in some cases (UL-DL configuration #2 and #4).
 Figure 1 shows such an example. Here, UL-DL configuration #2 is considered and it is assumed that DL subframe #4, #8 and UL subframe #2 are allocated to Un link. In this example, RN has no choice but to transmit PDSCH to R-UEs in subframe #5 and #6 as these subframes cannot be used as Un subframes. So, R-UEs that receive PDSCH in these two subframes try to transmit UL ACK/NACK in subframe #2 according to the existing HARQ timeline, and consequently, these ACK/NACK transmissions cannot be received by RN.
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Figure 1. An example of UL ACK/NACK blocking in Uu link.
One possible way to cope with this ACK/NACK blocking is to use ACK/NACK repetition. As shown in Figure 2, RN sets R-UE’s ACK/NACK repetition factor to 2 and, by this configuration, R-UEs that receive PDSCH in subframe #5 and #6 try ACK/NACK transmissions in subframe #7 which is assigned to Uu link as well. This operation can be further optimized by allowing R-UE to stop its UL transmission in a Un subframe (e.g., in subframe #2 in Figure 2). If RN informs Rel-10 R-UEs of the location of Un UL subframes, the UEs can stop their UL transmissions to avoid unnecessary battery consumption and interference induction. We note that this UL transmission halt is in line with the feature of the type 1 RN captured in TR36.814:
A “Type 1” relay node is an inband relaying node characterized by the following:

-
It control cells, each of which appears to a UE as a separate cell distinct from the donor cell

-
The cells shall have their own Physical Cell ID (defined in LTE Rel-8) and the relay node shall transmit its own synchronization channels, reference symbols, …

-
In the context of single-cell operation, the UE shall receive scheduling information and HARQ feedback directly from the relay node and send its control channels (SR/CQI/ACK) to the relay node

-
It shall appear as a Rel-8 eNodeB to Rel-8 UEs (i.e. be backwards compatible) 

-
To LTE-Advanced UEs, it should be possible for a relay node to appear differently than Rel-8 eNodeB to allow for further performance enhancement.
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Figure 2. Using ACK/NACK repetition to resolve the UL ACK/NACK blocking problem in the example in Figure 1.

Proposal 4: ACK/NACK repetition is used to resolve the UL ACK/NACK blocking problem in Uu link. RN can inform R-UEs of the location of Un UL subframes to avoid unnecessary UE transmission.
3. Conclusion
We have discussed about several issues in Un subframe allocation and HARQ timeline in type 1 relay in TDD mode. The following proposals were made based on the discussions.
Proposal 1: The set of UL subframes that can be allocated to Un link is given as follows:


UL-DL configuration #1: {#3, #8}
 
UL-DL configuration #2: {#2, #7}

UL-DL configuration #3: {#3} 

UL-DL configuration #4: {#3}

UL-DL configuration #6: {#4}
Proposal 2: Rel-8 UL grant timing is reused in Un UL.
Proposal 3: Un UL ACK/NACK timing is determined such that Un DL transmission in subframe #n is acknowledged in the first Un UL subframe that appears after #(n+3).

Proposal 4: ACK/NACK repetition is used to resolve the UL ACK/NACK blocking problem in Uu link. RN can inform R-UEs of the location of Un UL subframes to avoid unnecessary UE transmission.
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5. Appendix
Every figure presented in Appendix shows a case of Un subframe assignment and HARQ timelines which is possible under our proposals. Note that we skipped some non-preferred cases where, for example, a UL subframe is assigned to Un without having the DL Un subframe which sends the corresponding UL grant.
TDD configuration 1:
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Figure 3. Example 1 for Un subframe allocation and HARQ operation
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Figure 4. Example 2 for Un subframe allocation and HARQ operation
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Figure 5. Example 3 for Un subframe allocation and HARQ operation
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Figure 6. Example 4 for Un subframe allocation and HARQ operation
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Figure 7. Example 5 for Un subframe allocation and HARQ operation
TDD configuration 2:
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Figure 8. Example 6 for Un subframe allocation and HARQ operation
[image: image10.png]Subframe Index

Configuration #2

Un DL

UL Grant

Un UL

UL ACK/NACK.





Figure 9. Example 7for Un subframe allocation and HARQ operation
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Figure 10. Example 8 for Un subframe allocation and HARQ operation
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Figure 11. Example 9 for Un subframe allocation and HARQ operation
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Figure 12. Example 10 for Un subframe allocation and HARQ operation
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Figure 13. Example 11 for Un subframe allocation and HARQ operation
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Figure 14. Example 12 for Un subframe allocation and HARQ operation
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Figure 15. Example 13 for Un subframe allocation and HARQ operation

TDD configuration 3:
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Figure 16. Example 14 for Un subframe allocation and HARQ operation
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Figure 17. Example 15 for Un subframe allocation and HARQ operation
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Figure 18. Example 16 for Un subframe allocation and HARQ operation
[image: image20.png]Subframe Index

Configuration #3

Un DL

UL Grant

Un UL

UL ACK/NACK





Figure 19. Example 17 for Un subframe allocation and HARQ operation
TDD configuration 4:
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Figure 20. Example 18 for Un subframe allocation and HARQ operation
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Figure 21. Example 19 for Un subframe allocation and HARQ operation
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Figure 22. Example 20 for Un subframe allocation and HARQ operation
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Figure 23. Example 21 for Un subframe allocation and HARQ operation
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Figure 24. Example 22 for Un subframe allocation and HARQ operation
TDD configuration 6:
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Figure 25. Example 23 for Un subframe allocation and HARQ operation

































































































































� In UL-DL configuration #3, subframe #4 can be allocated as Un UL subframe based on Table 1. However, in Table 2, subframe #4's DL subframe which UL grant comes is non-MBSFN-configurable subframe (subframe #0). So, subframe #4 cannot be allocated as Un UL subframe.


� UL ACK/NACK blocking can happen in UL-DL configuration #3 as well if either subframe #7 or #8 is not allocated to Un DL.
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