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Introduction
In RAN1-#61 meeting, a WF on Un  HARQ Timeline in FDD [1] was presented as :
· The position and the number of available Un UL subframes are derived from the configuration of Un DL subframes

· A Un UL subframe is allocated 4 TTIs after a Un DL subframe

· Support the following implicit timing for Un HARQ:

· UL data transmission happens in subframe #(k+4) if UL grant is transmitted in subframe #k

· UL ACK/NACK feedback for DL data transmission in subframe #k is transmitted in subframe #(k+4)

In this WF, the timeline between UL Grant and UL Transmission, DL Transmission and UL ACK / NACK is kept to be 4ms, which means that an Un UL subframe is configured 4 ms after an Un DL subframe. 
It does not restrict the timeline between an Un UL subframe and the next Un DL subframe. Considering subframe #0, #4, #5, #9 for FDD cannot be used for Un DL subframe, the corresponding UL subframes #4, #8, #9, #3 should not be assigned for Un uplink in order to avoid collisions with Uu uplink transmissions. And to minimize Un HARQ RTT, 8/16 ms and 10ms Un HARQ RTT schemes were proposed.
Analysis of Un HARQ RTT 8/16ms or 10ms was provided in several contributions [2-12].  In this contribution, more detail viewpoints refer to Un HARQ RTT as Un ACK/NACK feedback, Un transmission delay, subframe allocation, signaling overhead, possible collision with Uu, and influence to Uu PUCCH and Random access are presented. 
Discussion
  Un HARQ RTT
Un uplink HARQ is desired to be synchronous, while the timeline between uplink data transmission and downlink ACK/NACK feedback, and between ACK/NACK and uplink retransmission are both fixed. According to [1], UL transmission happens 4ms later following the corresponding UL Grant. With no R-PHICH on Un, downlink ACK/NACK feedback should be indicated to RN by UL Grant, for example using NDI. For 8/16ms RTT, 4/12ms is for uplink data transmission and downlink ACK/NACK, and 4ms is for downlink ACK/NACK and uplink retransmission, shown in Figure1. 
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Figure 1.  8/16ms HARQ RTT for Un UL HARQ process
For 10ms RTT, 6ms is for uplink data transmission and downlink ACK/NACK, and 4ms is for downlink ACK/NACK and uplink retransmission, shown in Figure 2.
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Figure 2. 10ms HARQ RTT for Un UL HARQ process
In [2-12], the two schemes of Un HARQ RTT are discussed extensively. In summary:
· 8/16ms scheme is more compatible with Release 8 HARQ timing, with less chance of collisions with Uu, although with more delay. 
· 10ms scheme could keep certain transmission latency, but introduces more collisions with Uu.
· Besides 8/16ms and 10ms RTT, a variable Un HARQ RTT schemes is presented in [19]. An example was given in[19] and Un UL RTT may achieve 8/12ms according to Un DL subframe allocation, less average Un transmission latency seems to be the main advantage of the scheme.
More detail analysis presented below.
  Impact on Uu HARQ process 
With 8/16ms Un HARQ RTT, the Un DL and UL subframes can be allocated as described in [8,10]. As long as “non-reserved UL subframes” are not used by Uu link, no collision is expected on other Uu HARQ process. And to better utilize the resource, these “non-reserved UL subframe” can be used for Uu uplink with careful scheduling, although it may cause some collisions between Uu retransmission and Un uplink transmission. Since the Un downlink subframes are semi-statically configured by high layer signal and Un uplink subframes are known to RN with implicit timeline, the RN can handle the collision by sending fake ACK to its UE, and no standardization efforts would be needed. 
According to the scheme discussed above, for every Un uplink HARQ process, three uplink subframes can be allocated for a RN within 40ms period, and the other two “non-reserved UL subframe” can be used for Uu uplink. In other words, one Un uplink HARQ process may impact one corresponding Uu uplink HARQ process if a “non-reserved UL subframe” is used for Uu uplink.
However with 10ms Un HARQ RTT, the situation seems a little more complicated. As seen in Figure 2, four uplink subframes can be assigned for one Un uplink HARQ process. Within that 40 ms period, four different Uu uplink HARQ processes are impacted. As more subframes are allocated for backhaul, ultimately all Uu uplink HARQ process would be impacted. A representative example is shown in Figure 3, when two Un uplink HARQ processes are assigned for RN, subframe #1 and #6 in every radio frame, and then all the 8 Uu HARQ process may be affected with the possible retransmission collision. It is seen that 10ms Un HARQ RTT has more impact on Uu HARQ processes.
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Figure 3 Impact on Uu uplink HARQ process with 10ms Un HARQ RTT
With the proposal of Un UL HARQ process mapping in[19], an example of the corresponding Un subframe allocation, UL HARQ process and influence on Uu HARQ process shown in Figure 4, and 4 Uu UL HARQ process are impacted.

[image: image4.emf]Un UL 

HARQ process 1

0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7 0 1 2 3 4 5 6 7

Un UL 

HARQ process 2

Uu UL HARQ Num.

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

Frame 4n+1

Frame 4n

Frame 4n+2

Frame 4n+3

Un DL 

Subframe

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

Un DL

Un UL

Influence on Uu UL 

HARQ process

Figure 4 Impact on Uu uplink HARQ process with variable Un HARQ RTT

With different Un UL HARQ RTT schemes, when two UL subframes used for Un uplink, the number of impacted Uu UL HARQ process ranges from 2 to 8.Under the timeline of Un DL/UL fixed 4ms interval, subframe #n used for Un downlink and no PDSCH would be transmitted on access link, and then there is no ACK/NACK from R-UE should be feedback to RN. Therefore, Uu HARQ ACK/NACK feedback collision is avoided. 
 Impact on Uu CQI report
Since Un uplink subframes are determined by downlink subframes through implicit HARQ timing, RN knows Un uplink subframe assignment in advance, and can dynamically schedule aperiodic CQI report of R-UE on Uu PUSCH in order to avoid the conflict with Un uplink transmission. 
A certain percentage of periodic CQI reports of R-UE may be missed on those subframes when RN transmits to DeNB. Small amount of CQI missing may be tolerable. On the other hand, R-UE CQI report period can be chosen carefully to reduce the collision probability or even to avoid it completely. For an example, setting R-UE CQI report period to be 32ms when 8/16ms RTT scheme is used on Un HARQ process.   
  Un UL transmission latency 

The three main schemes of Un HARQ RTT are 8/16 ms, 10 ms and variable RTT. For 8/16 ms and 10 ms RTT scheme, the main advantages of 8/16 ms RTT is less impact on Uu HARQ process, while it may increase transmission delay. 

Some analysis on latency of the two schemes are presented in [8,13], according to the good channel condition and low retransmission probability of Un, simulation shows that the latency under 8/16 ms and 10 ms RTT has slight difference.

Take one Un UL HARQ process as example to give some theory analysis on Un latency as:

· 8/16ms RTT -- 

For #0, #4, #5, #9 subframes can not be used for Un downlink in FDD, #4, #8, #9, #3 should not be assigned as Un UL subframe accordingly. Therefore, during 40ms period, three UL subframes may be allocated for one Un HARQ process, subframe interval between Un UL subframes has three possible conditions, shown as Figure 5.
(1)16–8-16   (2)16-16-8   (3)8-16-16, each possible conditions has equal probability. 
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Figure 5 Conditions of Un UL subframe interval
The latency of corresponding Un UL subframe interval conditions is calculated as follows, where denotes as 
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 is the subframe interval condition index list above, receiving ACK as the end of transmission.
Success after the initial transmission:
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Success after the second retransmission:
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· 10ms RTT -- 

During 40ms period, four UL subframes may be allocated for one Un HARQ process, shows as Figure 2. The latency calculated as:
Success after the initial transmission:
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Average latency should express as 
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is Un retransmission probability, and 
[image: image26.wmf]k

 is retransmission number. According to the theory calculation, 8/16ms and 10ms RTT schemes latency are list in Table 1.
Table 1 Average latency of 8/16ms and 10ms RTT scheme
	Un retransmission probability
	0.1
	0.01

	8/16ms
	10.81ms
	9.46ms

	10ms
	7.12ms
	6.1ms


It seems that the average latency of 8/16ms and 10ms RTT schemes has little difference as about just 3ms, and the lower retransmission probability of Un, the less latency difference between the two schemes. 
The average Un UL transmission latency of the variable RTT scheme cannot be calculated straightforward as fixed RTT schemes, some examples are presented, in Figure 4, the RTT of Un UL HARQ process 1 is 10ms, and HARQ process 2 is 8/12ms, the average Un UL RTT seems to be a moderate of 8/16ms and 10ms RTT scheme. But under some Un subframe allocation, the variable RTT scheme may not achieve better average Un UL RTT than the other schemes, an example shown as Figure 6.
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Figure 6 An example of variable Un UL RTT scheme
According to [19], with Un subframes allocation as showed in Figure 6, three Un UL HARQ process should be used, and the corresponding Un DL/UL subframes for every UL HARQ process are signed with red, blue and yellow lines. The variable UL HARQ RTTs of the three UL HARQ process are 10/18/15, 17/10/18, 15/17/10 respectively. Some RTTs more than 16ms are inevitable and frequent in the variable RTT scheme. In other words, it makes strict limit on Un subframe scheduling for DeNB. 
The variable Un UL RTT scheme may result in less impact on Uu HARQ process than 10ms RTT scheme, the advantage on average Un UL HARQ RTT does not seem significant. On the other hand, variable RTT scheme makes the Un HARQ process tightly linked to Un DL subframe allocation, and it is more difficult for RN to determine the HARQ timing.
Considering the impact on Uu uplink retransmission caused by Un UL subframes, some extra latency may introduced to Uu HARQ process. For all the Un HARQ RTT schemes, when the collision between Uu uplink retransmission and Un UL subframes happens, the corresponding Uu retransmission should be scheduled to the next available Uu HARQ UL subframe, and there is no significant difference between the schemes. And then, the two-hop latency seems be tightly associated with Un transmission latency of each Un HARQ RTT scheme, as presented in [8].
  Signaling overhead
For 8/16ms RTT, eight HARQ processes may be supported on Un of FDD, whereas at most 6 processes are for 10ms RTT scheme [8]. Un subframe allocation should be assigned by high layer signaling, using bitmap as example, based on 8/16ms Un HARQ RTT scheme, eight bits may be needed to indicate the Un subframe allocation, each bit corresponding to one HARQ process within 40 ms period. For 10 ms RTT, 6 bits are needed for the indication. The signaling overhead for the Un subframe indication seems small, 6 or 8 bits which should not be a big concern especially because it is a high layer signaling.  
 Impact on Uu PRACH 
On Un UL subframes, RN cannot receive any signal of Uu, including random access channel of R-UE[16]. Therefore, R-UEs may experience longer delay during the random access. 
Considering the limited coverage of RN cell, random access preamble format 0 may be sufficient for FDD where one or two UL subframes assigned for Uu PRACH is achievable on which UL subframes are not assigned for Un. Therefore, although the reduced opportunity of receiving PRACH opportunity may increase the latency of random access, we think the impact on R-UEs is acceptable and can be further mitigated with suitable PRACH configurations.
Conclusions

In this contribution, some analysis refers to Un HARQ RTT and subframe allocation are presented. According to discussion, 8/16ms Un HARQ RTT scheme represents higher integrative performance than the other schemes.
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