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1 Introduction

In [1], following agreement is achieved for DL&UL backhaul subframe configuration:
The set of downlink backhaul subframes, during which downlink backhaul transmission may occur, is semi-statically assigned. The set of uplink backhaul subframes, during which uplink backhaul transmission may occur, can be semi-statically assigned, or implicitly derived from the downlink backhaul subframes using the HARQ timing relationship.
Since asynchronous Un-UL HARQ may cause large R-PDCCH overhead and backward compatibility issue, from RAN2 point of view, this paper focus on Un HARQ RTT considering synchronized and symmetric Un-UL transmission for FDD system.
2 Discussion
In following text, two types of Un HARQ timing relationships [2][3] will be discussed.
2.1 Uu HARQ RTT Reused in Un
As a simplest method, this scheme reuses the Uu HARQ RTT relationship with minimum change. In addition to 8ms RTT value, when the Un-DL retransmission or A/N feedback is expected to happen in suframe {0, 4, 5, 9} which can’t be MBSFN subframe, they are delay to next 8ms opportunity, which extends the Un HARQ RTT to 16ms. Naturally, 40ms MBSFN subframe configured period can be expected for this solution. In Table 1, there are 8 subsets for composing MBSFN subframe configuration semi-statically, each of which consists of three Un-DL/Un-UL subframes with 8ms or 16ms interval in every 40ms. Following characteristics will be expected in this solution:

1) If the same configuration in Table 2 is not selected for Uu and Un simultaneously, there is no collision expected in both uplink and downlink direction.

2) For Uu-DL transmission in subframe {0, 4, 5, 9} belonging to the configuration set for Un, the Uu data transmission in these subframe will receive the feedback, and dynamic scheduling can be performed for the retransmission if Uu-Un collision happens, which in crease the PDCCH resource conumption.
3) For the subframe {4, 8, 9, 3} in the configuration selected for Un UL transmission, if retransmission is required for the synchronized Uu-UL transmission in these subframes, additional delay will be introduced because the retransmission will be delay to next synchronized transmission opportunity;
4) At most 21 Un DL/UL subframes can be set in every 40ms configuration period. If all subframes except {0, 4, 5, 9} are set as MBSFN subframes, the retransmission delay will be terrible high for synchronized Uu-UL HARQ due to the high probability for Uu-Un collision;
5) Based 1), 2), 3) and 4), the RN can schedule the delay sensitive service in the configurations for Uu to avoid the additional collision delay, while the subframe {0, 4, 5, 9}/{4, 8, 9, 3} in the Un configuration will be used for delay insensitive service to improve the resource utilization;
6) If any configuration is used for Un, we can find that two third HARQ processes have 16ms RTT value while one third HARQ processes have 8ms RTT value. the average RTT value can be calculated as 16*2/3+8*1/3=13.33 ms. Since the HARQ retransmission probability is quite low due to the relative stable Un channel condition, its retransmission delay performance may not worse than Uu;
Table 1 Basic Configuration for Solution1
	No.
	0
	1
	2
	3
	4
	5
	6
	7

	DL Subframe Config.
	{0, 8, 16, 24, 32}
	{1, 9, 17, 25, 33}
	{2, 10, 18, 26, 34}
	{3, 11, 19, 27, 35}
	{4, 12, 20, 28, 36}
	{5, 13, 21, 29, 37}
	{6, 14, 22, 30, 38}
	{7, 15, 23, 31, 39}

	UL Subframe Config.
	{4, 12, 20, 28, 36}
	{5, 13, 21, 29, 37}
	{6, 14, 22, 30, 38}
	{7, 15, 23, 31, 39}
	{8, 16, 24, 32, 0}
	{9, 17, 25, 33, 1}
	{10, 18, 26, 34, 2}
	{11, 19, 27, 35, 3}


(Note: the red subframe can’t be Un subframe)
2.2 10ms Un HARQ RTT
10 ms Un HARQ RTT is assumed in this solution. And 10ms period for micro-level MBSFN subframe configuration is expected accordingly. At least 3 HARQ timing relationship (DL->UL, UL->DL) exist assuming R8 hardware processing capability, i.e. (4ms, 6ms), (5ms, 5ms), (6ms, 4ms). For simplification, we only consider (4ms, 6ms) composition here. As shown in Table 2, there are six subset for Un configuration in solution 3. Following characteristics will be expected in this solution:

1) Although Un HARQ RTT is longer than Uu interface, there is no gap introduced for Un transmission as solution1 because there is no Un-DL collision with subframe{0, 4, 5, 9}. Although it Un retransmission delay performance is better than solution1, such gain is small because Un channel condition is expected to be stable;
2) Since 8 and 10 HARQ RTT values in Uu and Un are even number, the Un configuration with even number will not influence the Uu transmission in odd number, and vice versa. If we restrict Un subframe to odd subframe and Uu subframe to even subframe, or vice versa. Of course collision is avoided. However, at most 3 MBSFN subframes in each radio frame under this restriction. If maximum 3:7 Un-Uu resource allocation is enough, half of {0, 4, 5, 9} resource will be wasted in Uu under such restriction because 0, 4 are even number while 5, 9 are odd number. Particularly, if the even/odd Un subframes in each radio frame is less than 3, to improve the resource utilization, the Uu HARQ processes transmitted in the non-Un even/odd subframe will definitely collide with Un transmission;
3) If UL Uu-Un collision happens: a) the Uu-DL HARQ processed transmitted at pre-4ms won’t get the A/N feedback, and the feedback info. will be deferred to next 8ms; b) for synchronize Uu-UL transmission, the retransmission is deferred to next 8ms as well. So, UL Uu-Un collision increase Uu data transmission delay;
4) If DL Uu-Un collision happens: a) the Uu-UL HARQ processed transmitted at pre-4ms won’t get the A/N feedback, and the feedback info. will be deferred to next 8ms; b) for Uu-DL transmission, the retransmission can be dynamic scheduled through additional PDCCH resource consumption. So, DL Uu-Un collision increase the UL Uu transmission delay and DL Uu resource consumption;
Table 2 Basic Un Configuration for Solution2
	No.
	0
	1
	2
	3
	4
	5

	DL Subframe Config.
	{1, 11, 21, 31}
	{2, 12, 22, 32}
	{3, 13, 23, 33}
	{6, 16, 26, 36}
	{7, 17, 27, 37}
	{8, 18, 28, 38}

	UL Subframe Config.
	{5, 15, 25, 35}
	{6, 16, 26, 36}
	{7, 17, 27, 37}
	{10, 20, 30, 0}
	{11, 21, 31, 1}
	{12, 22, 32, 2}


3 Conclusion

Based on the comparison in table 3, we have following conclusion:

Conclusion: Solution1 outperforms solution2 considering backward compatibility, standard impact, delay performance and resource efficiency.

Table 3 Comparison of Solution1 and Solution2
	
	Solution1
	Solution3

	Un HARQ RTT
	8 or 16ms
	10ms

	Un HARQ timeline
	UL->DL: 4/12 ms
DL->UL: 4 ms
	UL->DL: 6 ms

DL->UL: 4 ms

	Uu-Un collision for Uu HARQ retransmission
	Collision only happens for the Uu HARQ process with initial transmission in subframe {0,4,5,9}/{4,8,9,3} belonging to the configurations set for Un transmission.
	Collision is unavoidable for resource utilization reason. Both UL and DL Uu-Un collision in even/odd frame will impact the Uu UL/DL retransmission in even/odd frame, which is not restricted to subframe {0, 4, 5, 9} in DL and subframe {4, 8, 9, 3} in UL.

	Uu Delay Performance
	Delay only introduce to the Uu-UL HARQ processes with initial transmission in subframe {0,4,5,9}/{4,8,9,3} belonging to the configurations set for Un transmission. And these subframe can be used to transmit the delay insensitive service
	Delay will introduce to Uu in both UL and DL direction due to the Uu-Un collision, which is not restricted to subframe {0, 4, 5, 9} in DL and subframe {4, 8, 9, 3} in UL.

	Un Delay Performance
	Although the average Un HARQ RTT value is 13.33ms, its retransmission delay performance may not worse than Uu due to the relative stable Un channel.
	Although smaller Un HARQ RTT can be provided, but little Un retransmission delay gain can be expected due to the relative stable Un channel condition.

	Resource Efficiency
	More PDCCH resource consumption for dynamic scheduling in the case of collision.
	Besides additional PDCCH resource for dynamic scheduling, potential resource wastage may be caused because retx can’t be performed without A/N feedback due to Uu-Un collision

	Backward compatibility & Standard Impact 
	High backward compatibility with least standard impact
	Low backward compatibility with huge standard impact
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