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1
Background
For TDD type-1 relay, there has been some agreements in the previous meetings:

In [1], it has been agreed 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

And in [2], 

· 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. 

In last meeting, several contributions have been discussing on TDD HARQ [4]

 REF _Ref263692151 \n \h 
[5]

 REF _Ref263692152 \n \h 
[6]

 REF _Ref263692153 \n \h 
[7]

 REF _Ref264148841 \n \h 
[8]

 REF _Ref263756907 \n \h 
[9], e.g. on how to allocate Un subframe for TDD and how to define the uplink grant timing and uplink feedback timing over Un link. The downlink feedback timing is not needed because R-PHICH was agreed to be removed at least for Release10 [3]. In this paper, the Un subframe allocation and corresponding HARQ timing design for TDD type-1 relay are discussed.
2
Discussions on Un HARQ for TDD
2.1


Explicit Un Subframe Configuration

From previous agreements on TDD type-1 relaying, only TDD UL-DL configurations #1, #2, #3, #4, and #6 are supported in Rel-10. These configurations are all DL heavy except for UL-DL configuration #6. Generally, if Un is UL heavy, i.e. the allocated number of Un UL subframe is larger than of DL subframe, the ratio between Uu DL and UL subframes will be even larger compared with Rel-8 TDD, which seems to be lack of use case due to fact that the traffic over Un will be the aggregation of that over Uu. Based on the above discussions we have the following proposal
Proposal 1: Exclude UL heavy case over Un link for TDD type-1 relay at least for Release 10.

In the following we discuss on symmetric and DL heavy backhaul subframe allocations. 

To enable DL heavy subframe allocation for Un link, one possible way is to define paired DL-UL subframes and standalone DL subframe. The paired DL-UL subframes can be defined in such a way that the uplink grant of UL subframe is in its paired DL subframe. One example of paired DL-UL subframes is given in Fig. 1, where for TDD UL-DL configuration #3 DL subframe #8 and UL subframe #2 are paired, and there is one more standalone DL subfram #4 configured. 
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Figure 1 Example of paired subframe and standalone DL subframe in TDD UL-DL configuration #2
Possible ways of pairing DL and UL subframes include re-use Rel-8 uplink grant timing or R8 uplink feedback timing. We prefer reusing Rel-8 uplink grant timing in this case due to its simplicity and efficiency in DeNB’s co-scheduling of macro-UEs and RNs. In most TDD UL-DL configurations, the uplink grant timing is same as uplink feedback timing, except for configuration #3 and #4 these two timings can be different. Figure 2 shows the example for TDD UL-DL configuration #3, where subframe #8 contains uplink grant for subframe #3 but the feedback for subframe #8 is in subframe #3. So in this case we could pair subframe #8 and subframe #3 based on uplink grant timing. 
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Figure 2 Example of difference in uplink grant and feedback timings in TDD UL-DL configuration #3
Proposal 2: Define paired DL and UL Un subframes and standalone DL subframe for Un link, and paired Un subframe reusing R8 uplink grant timing in TDD.
Explicit configuration of Un UL subframes has been agreed for Rel-10 TDD. Basically there are two ways for such configuration: 
· A1: to use bitmap signalling to explicitly configure both DL Un subframe and UL Un subframe, and

· A2: to pre-define some Un subframe allocation patterns. 
In the following, we discuss on these two alternatives.
A1: Bitmap Based Configuration with some Rules
In this alternative, certain bitmap is defined for both DL Un and UL Un subframe. For example 6 bits are enough for 10ms periodicity Un subframe allocation. This alternative is most flexible in subframe allocation but it shall be based on a few rules as below:
· When configuring paired UL-DL Un subframes, the corresponding HARQ timing need to be defined for each of the supported TDD UL-DL configurations (for example in Table 1). When configuring UL Un subframe, the paired DL subframe needs to be configured at the same time.

· DL subframes other than the paired Un subframes and any non-MBSFN subframes could be configured as DL standalone Un subframes, and the uplink feedback of these will occurs in the earliest UL Un subframe after 3ms.
· When the Un UL subframe allocation is updated, the uplink feedback timing for the DL Un subframes need to be updated accordingly. 
Table 1 Example of Paired Un Subframe Definition for each TDD Configurations

	TDD DL-UL Configurations
	Paired Un Subframe
	HARQ Timing for Paired Subframe

	Configuration #1
	{4, 8}, {3, 9}
	Reuse Rel-8 timing

	Configuration #2
	{2, 8}, {3, 7}
	Reuse Rel-8 timing

	Configuration #3
	{2, 8}, {3, 9}
	Uplink feedback timing needs to be modified

	Configuration #4
	{2, 8}, {3, 9}
	Uplink feedback timing needs to be modified

	Configuration #6
	{4, 9}
	Reuse Rel-8 timing


A2: Predefined Un Subframe Patterns

In this alternative, some of the Un subframe configurations could be pre-defined for each TDD UL-DL configuration, and the HARQ timing could be predefined as well for each. This alternative seems to be less flexible compared with A1 discussed above, but it simplifies Un subframe configuration and HARQ timing design. For example, the HARQ timing can be derived directly from the configured pattern, instead of implicitly know from very flexible subframe allocations and a few rules as discussed. 

When defining such patterns, several rules can be considered as the following
· UL subframes in a radio frame shall be covered as much as possible: In [9], one pattern for each given Un DL and UL subframe ratio is proposed. However, since the frequency resources are shared by multiple RNs and Un link is a bottleneck for the system performance, multiple patterns for each ratio is necessary to balance the load in each subframe.
· For given DL-UL Un subframe ratio, to select UL subframe with lower uplink feedback delay to decrease DL HARQ RTT; For example in following two patterns shown in Table 2 and 3, both for two DL and one UL subframes. It is clear that Example-2 has larger uplink feedback timing which results in larger DL HARQ RTT.
Table 2 Example-1 pattern for DL:UL=2:1

	Subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	TDD Config.1
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	Un DL Subframe
	
	
	
	
	D
	
	
	
	D
	

	Un UL Subframe
	
	
	U
	
	
	
	
	
	
	

	UL Feedback Timing
	
	
	
	
	+8
	
	
	
	+4
	

	UL Grant Timing
	
	
	-4
	
	
	
	
	
	
	


Table 3 Example-2 pattern for DL:UL=2:1
	Subframe
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	TDD Config.1
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	Un DL Subframe
	
	
	
	
	
	
	
	
	D
	D

	Un UL Subframe
	
	
	U
	
	
	
	
	
	
	

	UL Feedback Timing
	
	
	
	
	
	
	
	
	+4
	+13

	UL Grant Timing
	
	
	-4
	
	
	
	
	
	
	


· DL standalone subframe shall re-use Rel-8 uplink feedback timing as much as possible; For example for UL-DL configuration #2 as shown in Fig. 3, if we want to define two DL subframes and one UL subframe for Un link, besides the paired subframes #2 and #8 the standalone DL subframe shall better be subframe #4 instead of subframe #3 or #9 since the former could easily re-use Rel-8 uplink feedback timing. 
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Figure 3 Example Un Pattern in TDD UL-DL Configuration #2
· Sub-configuration index could be defined to decrease the signalling overhead; Sub-configuration index could be signalled during Un subframe initial configuration or reconfiguration. RN can associate the TDD UL-DL configuration and the sub-configuration index to decide the Un subframe configuration.
Regarding the two alternatives we have the following proposal:
Proposal 3: RAN1 further discusses A1 and A2 and down-select one for TDD 
2.2


Issues on Implicitly Un Subframe Configuration

Implicit configuration according to Rel-8 HARQ timing for UL Un subframe in TDD is another way. But there are several disadvantages with such implicit configuration:
· All uplink subframes may be used up by Un link. To avoid this the maximum number of Un DL subframes is further limited. 
· For Rel-8 TDD all the DL subframes can not carry a UL grant, therefore such implicit configuration if enabled shall be based on uplink feedback timing. But for TDD UL-DL configuration #3 and #4, uplink feedback timing could be different with uplink grant timing, which complicates DeNB’s co-scheduling of macro UEs and RNs. 
· Since explicit configuration on the set of Un UL subframes is supported, further support of implicit configuration will result in more complexity in terms of specification as well as implementation.

Based on these considerations, we have the following proposal
Proposal 4: Exclude implicit configuration on the set of Un UL subframes for Rel-10 TDD.
2.3


HARQ RTT and Un Subframe allocation periodicity
In Rel-8, asynchronous HARQ is used for DL transmissions and synchronous HARQ is used for UL transmissions. For the transmissions on Un link, Rel-8 HARQ scheme could also be reused. Besides, most TDD configurations that support type-1 relaying have 10ms UL HARQ RTT except for TDD UL-DL configuration #6. In case of TDD UL-DL configuration #6, only one DL subframe and one UL subframe could be allocated to Un link considering based on our proposal #1, thus to simplify the HARQ design and to have consistent UL HARQ RTT on Un link, we prefer 10ms UL HARQ RTT also for TDD UL-DL configuration #6. Such configuration may impact each Uu UL HARQ process once every 60ms, which seems not very critical. Based on the discussions we have the following proposal:
Proposal 5:  Asynchronous HARQ is used for DL Un transmissions; Synchronous HARQ is used for UL Un transmissions and UL Un HARQ RTT is always 10ms for all the supported TDD UL-DL configurations.
Based on the proposal the Un subframe allocation should be of 10ms periodicity or a multiple of the value. However there seems to be no clear motivation of having multiple of 10ms periodicity, thus we have the following proposal:
Proposal 6: Un Subframe allocations in TDD use 10ms periodicity.

3
Conclusion

This contribution we discussed on Un subframe allocation, HARQ scheme and timing, and also UL HARQ RTT for Un link in TDD. Based on the discussions, we have the following proposals:
Proposal 1: Exclude UL heavy case over Un link for TDD type-1 relay at least for Release 10.

Proposal 2: Define paired DL and UL Un subframes and standalone DL subframe for Un link, and paired Un subframe reusing R8 uplink grant timing in TDD. 
Proposal 3: RAN1 further discusses on the two alternatives “Bitmap Based Configuration with Rules” and “Predefined Un Subframe Patterns” and down-selects one for TDD.

Proposal 4: Exclude implicit configuration on the set of Un UL subframes for Rel-10 TDD.
Proposal 5: Asynchronous HARQ is used for DL Un transmissions; Synchronous HARQ is used for UL Un transmissions and UL Un HARQ RTT is always 10ms for all the supported TDD UL-DL configurations.
Proposal 6: Un Subframe allocations in TDD use 10ms periodicity.
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