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1. Introduction

In RAN1-60bis meeting, a WF on type I relaying in TDD [1] is agreed and some available TDD UL-DL configurations in LTE Rel-10 were identified as :
· 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.
Each TDD UL-DL subframe configurations (as shown in Table 1), has its own HARQ timing definitions, including UL/DL ACK/NACK feedback timing and UL grant timing, which makes the problem more complex. In this contribution, we suggest Un subframe allocations for five UL-DL subframe configurations (except #0 and #5) in TDD.

Table 1: UL-DL subframe configurations in TDD

	UL-DL configuration
	Subframe number

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


2. Discussions on Un subframe allocation

Un uplink subframe allocation can be explicitly configured or implicitly configured. The currently agreed Un subframe allocation schemes are listed as follows [2]: 

· 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

Based on the agreements, we will discuss Un subframe allocation in next sections, based on implicit and explicit schemes respectively.

2.1 Implicit configuration
Implicit configuration means that Un UL subframes can be derived from Un DL subframe configurations based on HARQ timings without any explicit signaling. HARQ timings described here may be UL grant timings or UL ACK/NACK feedback timings. In FDD, these two timings follow the so call “+4” principle, while in TDD the relationships are more complicated. 

2.1.1 Implicit configuration based on UL grant timing

In RAN1-60 meeting, a Way Forward [6] was discussed, which proposes Un UL subframe configuration for FDD as:

- Each Un UL subframe is allocated 4 TTIs after an Un DL subframe (Un UL-DL subframe pairs)

- Support the following implicit timing for Un HARQ:

- UL data transmissions happen in subframe #(n+4) if UL grant is assigned in subframe #n

- UL ACK/NACK feedback for DL data transmission in subframe #n is transmitted in subframe #(n+4), if subframe #(n+4) is an UL Un subframe
Pairing the Un DL/UL subframe as n/n+4 timing for FDD is a simple effective scheme since UL data are transmitted on subframe n+4 when UL grant is assigned on subframe n for UE. Such rule can be extended to TDD by using UL/DL configuration dependent k between UL Grant and Un UL subframe. 

For TDD, when subframe n is assigned as Un DL subframe and UL Grant is detected by RN, backhaul uplink data should be transmitted on subframe n+k. By carefully choosing k in each DL/-UL configuration, implicit signaling is also possible for TDD. 
Table 2: k for TDD configurations 0-6

	TDD UL/DL
Configuration
	DL subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	4
	6
	
	
	
	4
	6
	
	
	

	1
	
	6
	
	
	4
	
	6
	
	
	4

	2
	
	
	
	4
	
	
	
	
	4
	

	3
	4
	
	
	
	
	
	
	
	4
	4

	4
	
	
	
	
	
	
	
	
	4
	4

	5
	
	
	
	
	
	
	
	
	4
	

	6
	7
	7
	
	
	
	7
	7
	
	
	5


Allowed k values are listed in Table 2 [3] for different UL-DL configurations. It is easy to find that k values of subframe #0, #1, #5, #6 should not be used in implicit configuration since those subframes cannot be allocated for DL backhaul. Such implicit configuration has the least impact on access link HARQ process. For access link, UEs do not receive PDSCH on subframe n, no ACK/NACK is expected on subframe n+k, and thus Un UL transmission on subframe n+k will not conflict with access link ACK/NACK reception at RN. Considering the complexity of TDD, several ACK/NACK feedbacks may be bundled in one UL subframe, some operations such as ACK/NACK repetition may be used to mitigate ACK/NACK missed detections in this situation. By using implicit pairing scheme n/n+k of Un DL/UL subframe configuration, we can have a general formula for implicit configuration in FDD and TDD, except that k is fixed to 4 for FDD and can vary according to Table 2. The k values in for Release 8 UEs can be reused without significant standard work. More details are discussed on Section 3.
2.1.2 Implicit configuration based on UL ACK/NACK timing

Another implicit scheme is based on the UL ACK/NACK feedback timing: assumed that DL transmission occurs in subframe #n-k and the corresponding UL ACK/NACK feedback is transmitted in subframe #n, then if subframe #n-k is configured as Un DL subframe, subframe #n will be the Un UL subframe. The value of k is defined in [3] as quoted in Table 3.

Table 3: k value for UL ACK/NACK feedback timing relationship

	UL-DL configuration
	Subframe number

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


Implicit Un UL subframe allocation based on UL ACK/NACK timing ensures the consistency of UL ACK/NACK timing with Rel-8 specification, and hence the impact on access link DL HARQ operation caused by Un subframe allocation is minimized. In fact, UL subframes allocated for Un transmission are blanked in access link and hence RN will not expect any reception from attached UEs in those subframes. But in Un DL subframe (MBSFN subframe), UL grant and DL ACK/NACK of Uu link could be transmitted in PDCCHs. Therefore, from this perspective, Un subframe allocation should maintain the timings of UL ACK/NACK feedback the same with Rel-8 to minimize the impact on Uu HARQ. Although ACK/NACK repetition may be configured to ensure the UL ACK/NACK transmission in Uu, more delay will be introduced to UEs in the RN cell. 

In this section, two implicit Un UL subframe allocation schemes are discussed: allocation based on UL grant timings and allocation based on UL ACK/NACK feedback timings. In some UL-DL configurations such as UL-DL configuration 1 and 6, the two schemes are equivalent; while in some configurations they result in different allocations. If implicit allocation scheme is supported in TDD, the implicit timing relationship should be decided, i.e. whether the timing relationship follows the UL grant timing or UL ACK/NACK timing.

According to the discussion on implicit configuration of Un UL subframe for TDD, the pros can be list as:

· least impact on Uu HARQ process
· reusing the same principle of Un subframe allocation in FDD

· reusing Rel-8 HARQ timings as possible
· no additional signaling needed
2.2 Explicit configuration

Explicit signaling has the potential to provide more flexibility of subframe allocations. However, it is noticed that due to the particular HARQ timings of each UL-DL configuration in TDD, the flexibility in Un subframes allocation is rather limited. Take UL-DL Config#3 as an example. It seems that subframe #2, #3 and #4 could be allocated as Un UL subframes. However, UL ACK/NACK feedbacks of data transmission in subframe #1, #5 and #6 are transmitted in subframe #2. If subframe #2 is allocated as Un UL subframe, subframe #2 in Uu is blanked, and the Uu UL ACK/NACK feedback of DL HARQ process in subframe #1, #5 and #6 will be lost, or delay of Uu DL HARQ would be increased if ACK/NACK repetition is adopted. Similar concern is seen for subframe #4.

In section 4, we will discuss a simple explicit Un subframe allocation scheme by considering the Rel-8 HARQ timings.
3. Implicit Un subframe allocation examples
3.1 UL-DL configuration 1

[image: image1.emf]0 1 2 3 4 5 6 7 8 9 0 1 2 3 4

D S U D D U U S U D D S U U D

5 6 7 8 9

D D U U S

UL  grant and the UL transmission

DL tasnsmission  and the UL ACK/NACK

Un DL subframe

Un UL subframe


Figure 1: TDD UL-DL Configuration 1

For TDD UL-DL configuration 1, as shown in Figure 1, subframes #4 and #9 could be configured as DL backhaul subframes, and hence subframe #8 and #3 should be assigned as UL backhaul subframes respectively according to LTE Rel-8 HARQ timing relationships. For RN, R-UL grants and R-PDSCH may be carried on subframe #4 simultaneously, and then corresponding Un UL transmissions and UL ACK/NACK for R-PDSCH should occur on subframe #8. The timing of UL Grant and UL ACK/NACK could keep the same as LTE Rel-8 for both. The situation between subframe #9 and #3 are the same. Here, the interval k between UL Grant and Un UL transmission is equal to the interval between R-PDSCH and UL ACK/NACK as k=4. Pairing subframe {#8：#4} and {#3：#9} as Un UL-DL subframes should achieve an efficient Un subframe allocation scheme. For this pairing scheme, implicit configuration of Un subframe based on UL Grant timing and ACK/NACK timing leads to the same result.
3.2 UL-DL configuration 2
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Figure 2: TDD UL-DL Configuration 2

For TDD UL-DL configuration 2, as shown in Figure 2, pairing subframes{#7：#3}, {#2：#8} as Un UL-DL subframes like the examples presented in Section 3.1, could also keep the same UL Grant timing relationship of LTE Rel-8. The other available Un DL subframes such as #4 and #9 that do not carry UL Grant in LTE Rel-8 may be allocated for Un DL when asymmetrical subframe assignment is needed.  
If UL Un subframes are derived based on UL ACK/NACK timing, and if subframe #2 is allocated for Un UL, subframe #4 and #8 can be allocated for Un DL, pairing as {#2：#4，#8}, which fits the timing relations in Table 3. Similarly, {#7：#9, #3} could be allocated for Un UL and DL, respectively.
3.3 UL-DL configuration 3
For TDD UL-DL configuration 3, the available Un DL subframes are subframe #7, #8, #9 as shown in Figure 3. The timing of UL Grant and UL ACK/NACK between these DL subframe and the relevant UL subframe are different, and hence the allocation scheme based on UL Grant and UL ACK/NACK timing will introduce distinguishing patterns. It means that no Un subframe sets could be defined if Rel-8 HARQ timings are strictly followed. Nevertheless, Un subframe could be allocated by redefining HARQ timings in Un.
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Figure 3: TDD UL-DL Configuration 3

Based on UL Grant timing, Un UL-DL subframe should be assigned as pairing subframe{#2：#8} and {#3：#9}. Subframe #4 cannot be allocated based on UL Grant timing principle, because the UL Grant of subframe #4 is on subframe #0 which cannot be used for Un DL.  
Based on UL ACK/NACK timing, Un UL-DL subframes should be assigned as：pairing {#3：#7, #8} for asymmetrical, or pairing {#4：#9} when symmetrical subframe allocation is needed. 
3.4 UL-DL configuration 4
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Figure 4: TDD UL-DL Configuration 4

For TDD UL-DL configuration 4, the situation is similar with configuration 3, as shown in Figure 4.
The available Un DL subframes subframe #8, #9 should be paired with #2, #3 respectively based on UL Grant timing. Considering only two UL subframes are available in TDD UL-DL configuration 4, one pair of {#2：#8} and {#3：#9} could be assigned as Un subframes. Further more, subframe #4 and #7 may be allocated for Un DL while asymmetrical subframe assignment is needed.

If UL Un subframes are derived from UL ACK/NACK timing, in order to minimize the impact on Uu uplink ACK/NACK, we can allocate subframe #3 for UL Un subframe since it would only affect Uu DL transmission in subframe #6, otherwise, DL HARQ process in subframes #0, #1, and #5 would all be affected if subframe #2 is allocated for Un UL. According to UL ACK/NACK timings, subframe {#3：#7,#8,#9} should be allocated for Un UL and DL , as shown in Figure 4.
3.5 UL-DL configuration 6
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Figure 5: TDD UL-DL Configuration 6

For TDD UL-DL configuration 6, the only available Un DL subframe is #9 as shown in Figure 5. The timing relationship of UL Grant of subframe #9 is related to subframe #4, as well as the UL ACK/NACK feedback timing relationship. Hence, the same Un subframe pair {#4：#9} can be observed no matter the allocation scheme is based on UL Grant timing or UL ACK/NACK timing.
Un subframe allocations for the five TDD UL-DL configuration discussed so far are based on Release 8 HARQ timing relationship specified in Tables 2 and 3. In some sense, the allocation of Un UL is implicit if Un DL backhaul subframe allocation is given. For the simplicity of relay operation particularly in TDD, a subset of Un subframe allocations can be defined which is chosen from the bigger pool of implicit allocations. Such subset should be typical and can be specified in the standards, and possibly signaled explicitly, as discussions in the next section.
4. Explicit Un subframe allocation examples
A simple Un subframe allocation scheme can be considered with the constraint of strict HARQ timings in TDD: Un subframe configuration sets could be defined for each UL-DL configuration, similar to a scheme discussed in FDD [4, 5]. The principle of defining such subframe configuration set is that the HARQ timings in the configuration set should try to maintain Rel-8 HARQ timings as possible; if not, at least partial Rel-8 HARQ timings could be maintained, e.g. UL ACK/NACK feedback. There are two advantages of defining Un configuration set: 

1) When Un subframes need to be allocated, eNB just picks Un subframes from Un subframe set and no need to consider the impact on HARQ operation caused by Un subframe allocation, which simplifies the implementation of eNB;

2) When the impact caused by Un subframe allocation on HARQ timings are inevitable in some UL-DL configurations, such impact is limited to Un link only by redefining HARQ timings for Un link. 
For example, two Un subframe sets could be defined according to HARQ timings in UL-DL configuration 1: {4, 8} and {3, 9}, as shown in Figure 6. In the two Un subframe sets, Rel-8 HARQ timings are maintained, and there is no impact on Uu HARQ operation.
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Figure 6: Un subframe set of UL-DL configuration 1

In UL-DL configuration 2, two Un subframe sets could be defined according to HARQ timings: {2, 4, 8} or {3, 7, 9}, as shown in Figure 7. In the two Un subframe sets, Rel-8 HARQ timings are maintained, but there is minor impact on Uu HARQ operation. For example, if Un subframe set {2, 4, 8} is configured for backhaul transmission, Uu UL ACK/NACK feedback of DL HARQ process in subframe #5 and #6 will be lost, or delayed in case of ACK/NACK repetition is enabling, since the UL ACK/NACK feedback should be transmitted in subframe #2 according to Rel-8 definition.
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Figure 7: Un subframe set of UL-DL configuration 2

Take UL-DL configuration 3 as another example. In this UL-DL configuration, no Un subframe sets could be defined when Rel-8 HARQ timings are strictly followed. But one Un subframe set could be defined according to UL ACK/NACK feedback timings: {3, 7, 8}, as shown in Figure 8. Then there will be no impact on Uu HARQ operation caused by the Un subframe configuration, but some HARQ timings in Un need to be redefined, e.g., UL grant and DL ACK/NACK feedback of subframe #3 UL transmission may transmitted in subframe #7 or #8.


[image: image8.emf]0 1 2 3 4

D D D U U U S D D D D D D D

5 6 7 8 9

D U U U S

Backhaul subframe allocation: set 0

D

0 1 2 3 4 5 6 7 8 9


Figure 8: Un subframe set of UL-DL configuration 3

5. Comparison of two Un subframe allocation schemes

In this contribution, two Un subframe allocation schemes are discussed: implicit and explicit allocation. 

· Implicit: Un UL subframes derived from Un DL subframe allocation based on Rel-8 HARQ timings, little standard effort;

· Explicit: Un UL subframes are explicitly indicated, with more flexibility. HARQ operation in TDD would limit such allocation flexibility. Meanwhile, another explicit scheme is discussed: defining several Un subframe sets in each UL-DL configuration, whose flexibility is also limited by HARQ timings. 

6. Conclusions
Un UL subframe allocation schemes for TDD were discussed in this contribution, for both implicit allocation and explicit allocation schemes. Further study seems needed on explicit configurations of UL backhaul subframes in TDD.
.
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