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1 Introduction

At RAN1#59bis, minimum 8ms RTT was agreed as following:

 “For both FDD and TDD backhaul link, release 8 minimum HARQ RTT timing is the baseline assumption for DL and UL minimum requirement from L1 processing perspective.” 
At RAN1#61, Un UL synchronous HARQ was supported by most companies in the WF [2]:

“UL HARQ re-transmissions are synchronous wrt the HARQ process ID

· UL re-transmissions are transmitted in the subframe corresponding to the same UL HARQ process ID as the initial transmission

· UL HARQ process ID is not indicated by (R-)PDCCH ” 
This contribution provides further analysis for the FDD Un UL synchronous HARQ timeline with fixed RTT and variable RTT. We propose to reuse synchronous retransmission on the Un UL HARQ with fixed RTTs with 8&16ms.

2 Un UL synchronous HARQ and implicit HARQ timeline 
Synchronous Un UL HARQ retransmission is already well defined for LTE Rel-8/9 due to its simplicity: 
· fixed timeline for retransmission scheduling
· no multiple ACK/NACK operation
· low overhead since there is no need to signal the HARQ process ID
This scheme is deemed flexible enough since it supports multiple parallel HARQ processes. Un UL HARQ retransmissions can be handled similarly by reusing the rel-8 synchronous scheme with the same advantages. This is exemplified in quite a few contributions [3, 4, 6, 8]. With synchronous HARQ, UL process signalling and UL grant modification is not needed, eNB scheduling is simple and multiple parallel HARQ processes are supported. Also, even with RN operation, latency is low enough [10]. Note that the Un link typically experiences good channel conditions, and the BLER operating point should typically be low, both because of good link quality and to reduce latency. Since HARQ retransmissions on backhaul are a relatively rare occurrence, it is better to have a simple HARQ design, thus to rely on synchronous operation.

Implicit HARQ timeline is also well defined for LTE Rel-8/9, due to its simplicity, low overhead, enough flexibility. Similarly than for Rel-8/9, implicit Un HARQ is an efficient mechanism. This is exemplified in several contributions [3~8]. With this solution, both Un UL subframe configuration signalling and variable timing signalling can be avoided. It also simplifies eNB scheduling and implementation, For example, in the implicit HARQ timeline shown in [2], UL data transmissions happen in subframe #(k+4) if UL grant is assigned in subframe #k, and Un ACK/NACK feedback in subframe #k is transmitted in subframe #(k+4), if subframe #(k+4) is an UL Un subframe.
Asynchronous Un UL HARQ requires introducing new fields indicating the Un UL HARQ process number to DCI format 0. Furthermore, if Un HARQ timeline is variable, new fields are also necessary for DCI format to signal the Un HARQ timeline, which means more standard modifications and extra signalling overhead. Furthermore, the uplink latency of Un link for Un UL synchronous HARQ is reasonable, as shown in [10].Thus, synchronous HARQ is more attractive than asynchronous HARQ.    
2.1 Un UL synchronous HARQ 
Option 1: Fixed RTT with 8&16ms 
· Step1: Un UL subframes are implicitly derived from Un DL subframes with 8&16ms interval  
· Step2: The number of UL HARQ process is the number of identified different HARQ processes. 
· The identification of UL HARQ process for Un UL subframe # n is an implementation issue, e.g. according to # n mod 8
Option 2a: variable RTT, defined in [3]
· Step1: DL backhaul subframes are semi-statically assigned. UL backhaul subframes are implicitly derived from DL backhaul subframes.

· Step2: At first, RN set the number of UL HARQ processes N=1.

· Step3: RN maps all N UL HARQ processes on the UL backhaul subframes repeatedly.

· Step4: If the minimum RTT of each process is larger than 8, N is fixed. Otherwise, N++ and retry Step3

· Step5: All N UL HARQ processes are mapped to UL backhaul subframes repeatedly. Therefore, each UL backhaul subframe is linked to one UL HARQ process ID.

· Step6: For each UL transmission on UL backhaul subframe #n, the available R-PDCCH for UL for the same backhaul UL HARQ process is on DL backhaul subframe #(n-K) (K=4). Therefore, each DL backhaul subframe is also linked to one UL HARQ process ID.
Option 2b: variable RTT, mentioned in offline discussion
· Step1: Obtain Un UL backhaul subframes e.g. implicitly from Un DL backhaul subframes configuration
· Step2: Determine the number of UL HARQ processes N according to the largest number of subframes within any 8 ms window

· Step3:Map the all N processes on the configured Un UL subframes periodically in sequence
2.1.1 Analysis of the options for Un UL synchronous HARQ
Un UL synchronous HARQ schemes are heavily related to the Un subframe allocation. For the different Un subframe allocation, synchronous HARQ schemes behaves different.
Option 1 is simple and straightforward, and most reuses Rel-8, which based on the 8&16ms Un subframe configuration [6]. As shown in Figure 1, each UL subframe # n is always linked to a certain HARQ process by #n mod 8. And the Un UL HARQ process number is 3 as there are three different processes (#1, #5, #7) for Un link. 
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Figure 1 An example of identifying the HARQ process for each TTI for 8&16ms fixed RTT
Option 2b may not work well for some Un subframe configuration. Since it may not ensure the minimum 8ms RTT for each Un UL HARQ process. For example in Figure 2: following the steps of option 2b, calculate the HARQ process number which is 4, then map the 4 processes to the configured Un UL subframe periodically in sequence, then as shown that one of the RTT values of process #1 is 3ms, which does not align the agreement of minimum 8ms RTT for Un HARQ. 
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Figure 2 Some Un UL HARQ RTT is smaller than 8ms for option 2b

From the Table 1, it can be seen that option2b can not ensure the minimum 8ms RTT for some case of 8&16ms Un subframe allocation, e.g. 5ms RTT (<8) marked in red colour when the 21 Un UL subframes are configured within 40ms.

Table 1 the Un UL HARQ RTT when using option 2b approach for 8&16ms subframe allocation
	3 , 1,8,16,16,

6 , 2,14,10,10,14,16,16,

9 , 3,16,14,10,14,12,14,10,14,16,

12,3,10,10,10,10,10,10,10,10,10,10,10,10,

15,4,10,10,11,14,11,10,10,10,11,14,11,16,8,6,8,

18,5,10,10,10,10,13,11,10,11,14,11,11,14,11,16,16,8,6,8,

21,6,10,11,13,11,11,13,11,10,10,10,13,11,11,14,12,19,16,16,8,5,5,
24,6,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10,10


Note: The 1st column is the configured Un UL subframe number within 40ms, the 2nd column is the number of HARQ processes, the remain columns are the RTT values. And the 8&16ms Un subframe allocation are shown in the appendix.
Option2a may not work optimally for some Un subframe allocation. According to option 2a steps, the number of Un UL HARQ process may be too large for a given Un subframe allocation. For example in Figure 3, according to the option2a step 4, when assume the number of process N is 4, then map the N(=4) process to the Un UL subframe repeatedly, it is seen that there exists RTT value 3(<8), so the number of process N++, then repeat step 3, and finally the number of process number is 7.; 
Figure 2 and 3 have the same Un subframe allocation, however, the optimal process number is 4 according to the option 2b. Using option 2a, the Un UL HARQ process number is 7, and the RTT value is larger shown in the Figure 3, e.g. 40ms for the process #7 and the corresponding latency is also worse.
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Figure 3 An example of the Un UL HARQ process number of option 2a is larger than option 2b
2.1.2 Two-hop Latency 

Two-hop latency is heavily related to both the Un subframe allocation scheme and the Un UL synchronous HARQ scheme. 

For the case of 24-bitmap Un subframe configuration, in which Un subframe are configured randomly, (details in appendix), variable RTT (option 2a) shows unattractive two-hop latency as shown in Figure 4. 

However, for the cases of Un subframe allocation in 8&16ms or 10ms interval, the two-hop latency is shorter than that of the random Un subframe configuration by 24-bitmap as shown Figure 4. It means that the Un subframes can not be randomly configured in terms of two-hop latency. 

Furthermore, from the Figure 4, variable RTT (option 2a) seems similar to the fixed RTT in terms of the two-hop latency due to the low HARQ retransmission probability (0.1) over Un link. 
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Figure 4 the two-hop latency for option 1/2a under different Un subframe allocation schemes
In addition, variable RTT keeps the same process number as fixed RTT for most cases of 8&16ms/10ms Un subframe allocation except configuring 12 or 24 Un subframes within 40ms marked in yellow shown in Table 2. But less process number seems not bring much latency gain shown in Figure 4.  .

Table 2 The process number under the Un subframe allocation in 8&16ms or 10ms interval
	Un UL subframe number within 40ms
	3
	4
	6
	8
	9
	12
	15
	16
	18
	20
	21
	24

	8&16ms Un subframe allocation - fixed RTT (8&16ms)
	1
	
	2
	
	3
	4
	5
	
	6
	
	7
	8

	8&16ms Un subframe allocation - variable RTT(option 2a)
	1
	
	2
	
	3
	3
	5
	
	6
	
	7
	6

	10ms Un subframe allocation - fixed RTT(10ms)
	
	1
	
	2
	
	3
	
	4
	
	5
	
	6

	10ms Un subframe allocation - variable RTT(option 2a)
	
	1
	
	2
	
	3
	
	4
	
	5
	
	6


2.1.3 Summary

Fixed RTT is a simple and straightforward way most reusing Rel-8, as well as with the good two-hop latency performance, and less standard work.

However, variable RTT approach (option 2a/2b) seems neither work well for some Un subframe allocation, nor optimizes much the two-hop latency. And the larger RTT value like 40ms may happen. In addition, there is much standard work for variable RTT to define e.g.: 
1) How to calculate the number of Un UL HARQ process 
2) How to identify the HARQ process for each Un UL subframe, 
3) Calculate the RTT value for each Un UL subframe. 
These operations are done as long as the Un subframe configuration update, which also increase the complexity of RN and DeNB. 
Based on the previous analysis, it is clear that reusing the rel-8 synchronous HARQ re-transmission mechanism with 8&16ms RTTs is a good design for the Un uplink.
3 Conclusion

Based on the above analysis, we suggest adopting following proposals on Un HARQ timeline:
· Reuse rel-8 synchronous HARQ re-transmissions on Un UL 

· RTT of 8ms is used when not colliding with an MBSFN subframe. 16ms is used otherwise.
· UL re-transmissions are transmitted in the subframe corresponding to the same UL HARQ process as the initial transmission

· UL HARQ process ID is not signalled on the R-PDCCH.
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Appendix

24-bitmap Un subframe allocation in Figure 4
	{0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0}, //1 Un subframe within 40ms
{0,0,1,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0}, //2

{0,0,1,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0}, //3

{0,0,0,1,0,0,1,0,0,0,0,0,1,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0}, //4

{0,1,0,0,0,0,0,1,0,0,0,1,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0}, //5

{0,1,0,1,0,0,0,0,0,0,0,1,0,1,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0}, //6

{0,1,0,0,0,0,1,1,1,0,0,0,0,1,0,0,0,0,1,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0}, //7

{0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,1,0,0,0,0,1,1,0,0,0,1,1,0,0,0,1,1,0,0}, //8

{0,0,0,0,0,0,0,0,1,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,1,1,1,0,0,1,1,0,0,1,0,1,0,0}, //9

{0,1,0,1,0,0,1,1,1,0,0,1,0,1,0,0,0,1,0,0,0,1,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0}, //10

{0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,1,1,0,0,1,1,1,0,0,0,1,0,0,0,1,1,1,0,0,0,1,0,0}, //11
{0,1,1,1,0,0,1,1,0,0,0,1,1,1,0,0,1,0,1,0,0,0,0,0,0,0,0,1,0,0,0,0,1,0,0,0,0,0,0,0}, //12

{0,1,0,1,0,0,0,1,0,0,0,1,0,1,0,0,1,1,0,0,0,1,0,1,0,0,0,1,0,0,0,1,1,0,0,0,0,1,0,0}, //13

{0,0,0,0,0,0,0,1,1,0,0,0,1,0,0,0,1,1,0,0,0,1,1,1,0,0,0,1,1,0,0,1,1,1,0,0,0,1,0,0}, //14

{0,1,1,1,0,0,0,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,0,0,0,0,1,0,0,0,1,0,0,0,0,0,0,0,0}, //15
{0,1,1,1,0,0,0,1,0,0,0,1,1,0,0,0,1,1,0,0,0,1,0,1,0,0,0,1,1,1,0,1,0,1,0,0,1,0,0,0}, //16
{0,1,1,1,0,0,0,1,1,0,0,1,1,1,0,0,1,1,0,0,0,1,0,1,0,0,0,1,1,0,0,1,0,0,0,0,1,1,0,0}, //17
{0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,0,1,1,0,0,1,0,0,0,0,0,0,0,0}, //18
{0,1,1,1,0,0,1,1,1,0,0,1,0,1,0,0,1,1,1,0,0,1,1,1,0,0,0,1,1,0,0,1,1,0,0,0,1,0,0,0}, //19
{0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,0,0,0,0,0,1,1,1,0,0,1,1,0,0}, //20

{0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,0,0,0,0}, //21
{0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,0,0,0}, //22

{0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,0,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0}, //23

{0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0}, //24


8&16 ms Un subframe allocation in Figure 4, and Table 1, Table 2
	  {0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0}, //3 subframes within 40ms
  {0,0,0,0,0,0,0,0,1,0,0,0,1,0,0,0,1,0,0,0,0,0,0,0,0,0,0,0,1,0,0,0,1,0,0,0,1,0,0,0}, //6 

  {0,0,1,0,0,0,0,0,1,0,0,0,1,0,0,0,1,0,1,0,0,0,0,0,0,0,1,0,1,0,0,0,1,0,0,0,1,0,0,0}, //9 

  {0,0,1,0,0,0,1,0,1,0,0,0,1,0,0,0,1,0,1,0,0,0,1,0,0,0,1,0,1,0,0,0,1,0,0,0,1,0,1,0}, //12

  {0,1,1,0,0,0,0,0,1,0,0,0,1,1,0,0,1,1,1,0,0,1,0,0,0,0,1,0,1,0,0,0,1,1,0,0,1,1,0,0}, //15

  {0,1,1,1,0,0,1,0,1,0,0,1,0,1,0,0,1,1,1,0,0,1,1,0,0,0,1,1,0,0,0,0,1,1,0,0,0,1,1,0}, //18

  {0,1,1,1,0,0,1,0,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,0,0,0,1,1,1,0,0,0,1,1,0,0,1,1,1,0}, //21

  {0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0}, //24



10ms Un subframe allocation in Figure 4, and Table 2
	  {0,1,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0,0,1,0,0,0,0,0,0,0,0}, //4 subframes within 40ms
  {0,1,0,0,0,0,0,1,0,0,0,1,0,0,0,0,0,1,0,0,0,1,0,0,0,0,0,1,0,0,0,1,0,0,0,0,0,1,0,0}, //8 

  {0,1,0,1,0,0,0,1,0,0,0,1,0,1,0,0,0,1,0,0,0,1,0,1,0,0,0,1,0,0,0,1,0,1,0,0,0,1,0,0}, //12

  {0,1,0,1,0,0,1,1,0,0,0,1,0,1,0,0,1,1,0,0,0,1,0,1,0,0,1,1,0,0,0,1,0,1,0,0,1,1,0,0}, //16

  {0,1,1,1,0,0,1,1,0,0,0,1,1,1,0,0,1,1,0,0,0,1,1,1,0,0,1,1,0,0,0,1,1,1,0,0,1,1,0,0}, //20

  {0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0,0,1,1,1,0}, //24


