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1 Introduction

In RAN1#61bis, the following was agreed:  
Support the following transmission timing in Rel. 10:

· If an UL grant is transmitted in subframe #k, the corresponding UL data transmission happens in subframe #(k+4)

· If DL data is transmitted in subframe #k, the corresponding UL ACK/NACK feedback is transmitted in subframe #(k+4)

The Release 8 so-called “+4” principle, including UL grant timings and DL/UL HARQ ACK/NACK feedback timings, are kept as much as possible for HARQ timing in FDD according to this agreement. The most prominent benefits of this are that the impact of the Un HARQ timing on the Uu link is minimized due to the use of the same principle in both the Un and Uu links. 

Meanwhile, for TDD Type-I relays, it has been agreed that Rel-8 DL/UL SF Configurations #1, #2, #3, #4 and #6 are supported. Since each of the subframe configurations in the Uu link has its own HARQ timing specification, and with the additional constraints of MBSFN subframes in the DL Un link, following the same principle as in  FDD would not be the most efficient. 

In RAN1#61bis various issues related to the TDD HARQ operation were considered [2]-[8]. In this contribution, we provide our views on the Un HARQ timing for TDD:

2 DL/UL Un SF Allocation
A Type-I relay node (RN) is an inband relaying node, where Un and Uu links are time division multiplexed in a single carrier frequency. To create “gaps” in the RN-to-UE transmission, the UEs (including Rel-8 UEs) served by Type-I RNs can observe two kinds of subframe in the Uu link.

· MBSFN subframe: The UEs served by RN can read the information enclosed in the control part, which includes PCFICH, PHICH and PDCCH. That is to mean, the UL grant and the HARQ A/N corresponding to the previous UL access transmission can be always available.

· Normal subframe: regular operation and no necessity for further discussion.
Hence, The HARQ ACK/NACK feedback carried on the UL corresponding to DL data transmission is the focus for the Uu HARQ timing, if Rel-8 UEs connected to RN are expected to work normally. In other words, the Un subframe allocation should avoid any impact on Rel-8 UL ACK/NACK feedback timing relation in Uu link.
As per Release 8 DL TDD HARQ transmission, UL Subframe #i is responsible for sending ACK/NACK feedback for DL Subframe #i-k, where the value of  k is given in Table I as defined in [9]. For the Uu interface, for each RN to UE transmission in a Uu DL subframe, the corresponding Uu UL subframe for the HARQ ACK/NACK from the UE ensures timely DL retransmission. We therefore apply the same principle for the Un HARQ:
Proposal 1:
If UL Subframe #i is assigned for backhaul, then supported DL Subframes #(i-k1), #(i-k2)…  are also assigned for backhaul. k1, k2… follow the Rel-8 timing between Uu UL ACK/NACK feedback and PDSCH transmission.
Table I. k value for Rel-8 UL ACK/NACK feedback timing

	UL-DL configuration
	Subframe number

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	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
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


To further illustrate Proposal 1, two examples of subframe allocation for TDD Configuration #3 are shown in Figure 1. Based on Table I, we can find that Subframe #3 is responsible for sending ACK/NACK feedback corresponding to Subframe #7 and #8 of the previous radio frame. Thus, if we have allocated Subframe #3 to Un uplink, Subframe #7 and #8 should also be allocated to Un link, as per Proposal 1 above. If  Subframes #7 and #8 were allocated to Uu link, its corresponding UL ACK/NACK feedback in subframe #3 would not be possible as it has already been assigned to Un link.
Pattern A allocates Subframe #9 to the Un link and Pattern B assigns Subframe #9 to the Uu link. Since Subframe#4 has been assigned to the Uu link, to maintain minimal impact to the Uu link, Subframe #9 should be allocated to the Uu as well, as shown in Pattern B below.
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(a) Alternative pattern A
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(b) Alternative pattern B
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Figure 1. Examples of Subframe allocations for TDD Configuration #3
For some configurations, all UL subframes would be used up for Uu link so as to provide ACK/NACK feedback for DL Subframe #0, #1, #5, #6, which can not be configured as MBSFN subframes (these frames would naturally be allocated as Uu DL subframes). However, if one or more of the Subframe #0, #1, #5 and #6 are allowed to be almost blank, i.e., only reference signals are transmitted in the subframe, the corresponding UL subframe can be allocated to Un link. An example is shown in Figure 2 (a), where Subframe #6 is set to be almost blank for TDD Configuration #4. Another alternative approach to solve this issue is to enable UL ACK/NACK repetition for the Uu link as shown in Figure 2 (b). 
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(a) Almost blank
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(b) A/N Repetition
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Figure 2: Examples of subframe allocations for TDD Configuration #4

3 Un DL/UL Timing Relation 
In RAN1#61bis, two possible Un DL/UL timing relations were proposed to be applied for the UL HARQ in TDD: 

· Alt 1:  PDSCH and corresponding ACK/NACK feedback timing relation
· Alt 2: UL grant and PUSCH timing relation
From Proposal 1 above, when a UL subframe is allocated to Un link, its corresponding DL subframes are assigned for the Un link as well for reasons as described. But when a UL subframe is allocated to Uu link, the corresponding DL subframes can be allocated to Un link instead, since on the Un interface the timing of DL HARQ transmission can be altered if necessary without any impacts on Rel-8 UEs. This is illustrated in Figure 3 for Configuration 1. Subframe #3 is shown used to send the ACK/NACK feedback for both Subframe #4 and #9, so Subframe #8 can be allocated to the Uu link instead, even though it may not carry any ACK/NACK feedback according to Table I. Therefore we propose the following based on Alt 1: 
Proposal 2: Rel-8 timing of DL HARQ transmission is kept as much as possible for Un link. If a UL subframe is not available for sending ACK/NACK feedback to a Un DL subframe, the next available Un UL subframe will be used to send the UL ACK/NACK feedback.
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Figure 3．An example of UL ACK/NACK timing 

On the other hand, Release 8 UL grant and PUSCH timing relation can not be reused for Un DL/UL subframes. Table II shows the Rel-8 UL grant and PUSCH timing relation as defined in [9], where PUSCH in Subframe n+i corresponds to the UL grant received in subframe n.
Table II: i value for Rel-8 TDD UL grant timing
	TDD UL/DL
Configuration
	DL subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	
	6
	
	
	4
	
	6
	
	
	4

	2
	
	
	
	4
	
	
	
	
	4
	

	3
	4
	
	
	
	
	
	
	
	4
	4

	4
	
	
	
	
	
	
	
	
	4
	4

	6
	7
	7
	
	
	
	7
	7
	
	
	5


As stated in our Proposal 1 and illustrated in Figure 1, Subframe #9 is allowed to be assigned as an Uu DL subframe. However from Table II, the UL grant for Un UL Subframe #3 is sent in Un DL Subframe #9 which might not be a Un DL subframe since it can be assigned to either Un or Uu link.There,  we propose the following timing relationship between UL grant and PUSCH: 

Proposal 3: The UL grant is transmitted at Subframe #k-n before the UL PUSCH is transmitted in Subframe #k.  The value n is greater or equal to 4 based on the latest previous available Un DL subframe.
4 UL Un HARQ RTT 

In RAN1#61bis, the following Working Assumption on the Un HARQ for TDD has been adopted as shown below:

· 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.

In order to support UL synchronous HARQ operation in the Un interface, the time of UL retransmission needs to be adjusted to the next available UL subframe 8 ms or later, which is similar to the Release 8 TDD HARQ operation. Currently, 10ms RTT is simple enough and for each of the supported Rel-8 TDD configurations (i.e., Configuration #1, #2, #3, #4, #6), at least one DL/UL subframe allocation pattern that can support 10ms RTT can be derived.
We propose that the working assumption is confirmed. 
Proposal 4: The following Working Assumption is confirmed:

· 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
5 Conclusions
In this contribution, we have described the various HARQ timing operations for Un HARQ in TDD. We propose the following: 

Proposal 1: 
If UL Subframe #i is assigned for backhaul, then supported DL Subframes #(i-k1), #(i-k2)…  are also assigned for backhaul, where k1, k2… follow the Rel-8 timing between UL ACK/NACK feedback and PDSCH transmission.

Proposal 2: 
Rel-8 UL ACK/NACK timing is kept as much as possible for Un link. If a UL subframe is not available for sending ACK/NACK feedback to a Un DL subframe, the next available Un UL subframe will send the UL ACK/NACK feedback.
Proposal 3: 
The UL grant is transmitted at Subframe #k-n before the UL PUSCH is transmitted in Subframe #k.  The value n is greater or equal to 4 based on the latest previous available Un DL subframe.
Proposal 4: 
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.  
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