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1. Introduction

Un subframe allocation and HARQ timing for TDD were discussed in RAN1 #61bis [1-6]. Since Rel-8 HARQ timing in Uu should be strictly maintained, the design principle of HARQ timing in Un link should strive to reuse Rel-8 HARQ timing as much as possible. It is noticed that in some UL-DL configurations, Un HARQ timings modification is inevitable compared to Rel-8. In this contribution we will investigate the issue of Un subframe allocation and propose Un HARQ timings for TDD.

2. Un HARQ timing

Un HARQ timing will be discussed for the five UL-DL configurations supported in Rel-10 relay.
1) UL-DL configuration 1

In UL-DL configuration 1, subframes #4 and #9 can be configured as DL backhaul subframes. Reusing Rel-8 HARQ timings, we can allocate subframes #8 or/and #3 as UL backhaul subframes where both PDSCH to UL ACK/NACK timing, and PUSCH to UL grant timing can fit, as shown in Figure 1.
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Figure 1: Un HARQ timings for UL-DL configuration 1

2) UL-DL configuration 2

In UL-DL configuration 2, according to Rel-8 UL grant timing, UL grant associated with PUSCH transmitted in subframe #2 and #7 are transmitted in subframe #8 and #3, respectively. Such HARQ timing implies the paired subframes {#7, #3} and {#2, #8} in Un link where Rel-8 PDSCH to UL ACK/NACK timing is also maintained. DL subframes #4 and #9 that do not carry UL grant in Rel-8 could be allocated as Un DL subframes for DL heavy traffic, or referred as DL alone subframes. Without violating Rel-8 PDSCH to UL ACK/NACK timing, subframes #4 and #9 can be added to the pairs {#2, #8} and {#7, #3} to form {#2; #4, #8} and {#7; #9, #3}, respectively, as shown in Figure 2.
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Figure 2: Un HARQ timings for UL-DL configuration 2

3) UL-DL configuration 3

For UL-DL configuration 3, subframe #7, #8 and #9 could be allocated as Un DL subframes. According to Rel-8 HARQ timings, UL ACK/NACKs associated with PDSCH of subframe #7, #8 and #9 are transmitted in subframe #3, #3 and #4 respectively, but UL grants that schedule PUSCH in subframe #3 and #4 are transmitted in subframe #9 and #0, and hence it is not possible to allocate Un subframe to fit Rel-8 HARQ timings in both Uu and Un links.

Our preferred solution is to keep Rel-8 UL grant to PUSCH timing and modify Rel-8 PDSCH to UL ACK/NACK timing when necessary. The solution has the benefit of maintaining the similar DeNB scheduler implementation, although Uu link suffers slightly from the loss of UL ACK/NACK. 

For example, when subframe #8 or #9 is allocated as Un DL, subframe #2 or #3 can be Un UL subframe according to Rel-8 UL grant timing. On the other hand, PDSCH and UL ACK/NACK timing needs some modification: UL ACK/NACK associated with PDSCH of subframe #8 and #9 could be transmitted in subframes #2 and #3 respectively. Moreover, if subframe #7 is allocated as Un DL alone subframe, it seems natural to transmit the UL ACK/NACK in subframe #2 instead of in subframe #3 as in Rel-8. Otherwise, the PDSCH in subframe #8 would get ACK/NACK feedback before the PDSCH in subframe #7 can get ACK/NACK feedback.

Un HARQ timings are shown in Figure 3. The dashed arrows mean that the timings are different from Rel-8 specification.

[image: image3.png]& 4 ULgrant->PUSCH

&4 4 PDSCH-> UL ACK/NACK

B Un DL subframe
B Un UL subframe





Figure 3: Un HARQ timings for UL-DL configuration 3
4) UL-DL configuration 4

For UL-DL configuration 4, there are four DL subframes #4, #7, #8 and #9 can be allocated as Un subframes, and subframes #2 and #3 can be allocated as Un UL subframes. More specifically, {#2, #8} and {#3, #9} can be configured in pairs in Un link for symmetric allocation, and #4 and #7 can be DL stand-alone Un subframes when the traffic is DL heavy. In pair {#3, #9}, Rel-8 PDSCH to UL ACK/NACK timing can be reused. However, in pair {#2, #8} Rel-8 UL ACK/NACK timing needs to be modified. On the other hand, Rel-8 UL ACK/NACKs associated with subframe #4 and #7 are sent in subframe #2 and #3, respectively, hence if they are allowed to be allocated as DL alone Un subframes, it is reasonable to fix their PDSCH and UL ACK/NACK timings, i.e. UL ACK/NACK transmitted in subframe #2 or #3. 

PDSCH to UL ACK/NACK timing of subframe #4 or #7 can be modified as follows: UL ACK/NACK associated with PDSCH in subframe #4 and #7 is transmitted in subframe #2 when Un subframe pair {#2, #8} is allocated, Otherwise, transmitted in subframe #3. Figure 4 shows the case of paired {#3, #9} with #4 and #7 as stand-alone Un DL subframe. Dashed arrows mean that the timings are different from Rel-8 specification.
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Figure 4: Un HARQ timings for UL-DL configuration 4
5) UL-DL configuration 6

In TDD UL-DL configuration 6, the only available Un DL subframe is #9 as shown in Figure 5. According to Rel-8 HARQ timing, the corresponding PUSCH, as well as the UL ACK/NACK for PDSCH, is sent in SF #4. Hence, subframes {#4, #9} can be paired without violating Rel-8 UL grant timing and UL ACK/NACK timing.

However in Rel-8, DL ACK/NACK associated with PUSCH in subframe #4 is sent in subframe #0, so the UL HARQ RTT is not 10ms. Although R-PHICH will not be specified in Rel-10, RN should know when to receive ACK/NACK (carried in UL grant) since UL HARQ in Un is still synchronous. Therefore, PUSCH to UL grant timing should be modified to match 10ms RTT in Un, as shown in Figure 5.
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Figure 5: Un HARQ timings for UL-DL configuration 6
3. Conclusions
In this contribution, TDD Un subframe allocation and HARQ timing are investigated. To maximize the reuse of Rel-8 HARQ timings, we propose the following principles for Un UL HARQ timing in TDD;
1. Rel-8 UL grant to PUSCH timing should be reused in all five UL-DL TDD configurations supported in Rel-10 Relay
2. Rel-8 PDSCH to UL ACK/NACK timing may be modified in some UL-DL TDD configurations 

a. To fit Rel-8 UL grant to PUSCH timing, which results in paired UL and DL subframe allocation in Un link
b. For timing optimization in the case of stand-alone Un DL subframes

3. Rel-8 PHICH (or UL grant) to PUSCH timing may be modified in some UL-DL TDD configuration so that Un UL RTT is 10 ms.

More specifically,
· For Un subframes

Subframes could be allocated to Un are shown in Table 1. “D” means DL Un subframe and “U” means UL Un subframe.
Table 1: Un subframe

	TDD UL/DL
Configuration
	subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	-
	-
	-
	U
	D
	-
	-
	-
	U
	D

	2
	-
	-
	U
	D
	D
	-
	-
	U
	D
	D

	3
	-
	-
	U
	U
	-
	-
	-
	D
	D
	D

	4
	-
	-
	U
	U
	D
	-
	-
	D
	D
	D

	6
	-
	-
	-
	-
	U
	-
	-
	-
	-
	D


· UL grant and PUSCH timing (reuse Rel-8)
UL grant and PUSCH timings in Un are aligned with Rel-8: RN detects UL grant in subframe n intended for it, and adjust the corresponding PUSCH transmission in subframe n+k, k is given in Table 2.

Table 2: k for Uplink grant timing

	TDD UL/DL
Configuration
	subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	-
	-
	-
	-
	4
	-
	-
	-
	-
	4

	2
	-
	-
	-
	4
	-
	-
	-
	-
	4
	-

	3
	-
	-
	-
	-
	-
	-
	-
	-
	4
	4

	4
	-
	-
	-
	-
	-
	-
	-
	-
	4
	4

	6
	-
	-
	-
	-
	-
	-
	-
	-
	-
	5


· PUSCH and UL grant timing (reuse Rel-8 except for TDD configuration 6)
RN receives the UL grant in subframe n to obtain DL ACK/NACK feedback via NDI, the feedback is associated with the PUSCH transmission in subframe n-k’. The k’ is shown in Table 3. Changes compared to Rel-8 are highlighted in red.
Table 3: k’ for PUSCH and Uplink grant timing

	TDD UL/DL
Configuration
	subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	-
	-
	-
	-
	6
	-
	-
	-
	-
	6

	2
	-
	-
	-
	6
	-
	-
	-
	-
	6
	-

	3
	-
	-
	-
	-
	-
	-
	-
	-
	6
	6

	4
	-
	-
	-
	-
	-
	-
	-
	-
	6
	6

	6
	-
	-
	-
	-
	-
	-
	-
	-
	-
	5


· PDSCH and UL ACK/NACK timing (reuse Rel-8 in TDD configurations 1, 2, 6)
Un UL ACK/NACK transmitted in subframe n is associated with the PDSCH transmitted in subframe n-k’’, k’’ is shown in Table 4. Changes compared to Rel-8 are highlighted in red.
Table 4: k’’ for UL ACK/NACK timing

	TDD UL/DL
Configuration
	subframe number n

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	1
	-
	-
	-
	4
	-
	-
	-
	-
	4
	-

	2
	-
	-
	8,4
	-
	-
	-
	-
	8,4
	-
	-

	3
	-
	-
	5,4
	4
	-
	-
	-
	-
	-
	-

	4
	-
	-
	(8,5),4
	(9,6),4
	-
	-
	-
	-
	-
	-

	6
	-
	-
	-
	-
	5
	-
	-
	-
	-
	-
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