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1 Introduction
During the email discussion following RAN1 62 meeting, a working assumption has been taken that the number of HARQ processes should be defined as a function of the Un backhaul subframe configuration by means of a table. In this contribution, we give our views on details for the design of such table.
2 Discussion
With the agreement that a basic 8 ms pattern is supported, there are theoretically 255 different possibilities for the Un backhaul subframe configurations. Taking first the approach that for each of these configurations the smallest number of HARQ processes is taken that fulfills the minimum 8 ms RTT for each of those processes, we arrive at the characteristic shown in Table 1:
Table 1. Number of HARQ processes and resulting configurations
	Number of HARQ processes
	Number of available backhaul subframe configurations

	1
	8

	2
	28

	3
	58

	4
	84

	5
	60

	6
	17


2.1 Reduction of configurations and time-shift aspects
From the above mentioned configurations, we can note that many of these can be expressed by time shifts of a basic configuration, where the time shifts are multiples of 5 ms. Overall, the configuration could therefore be reduced as shown in Table 2.
Table 2. Number of HARQ processes and resulting configurations
	Number of HARQ processes
	Number of basic backhaul subframe configurations

	1
	1

	2
	4

	3
	8

	4
	11

	5
	8

	6
	3


So overall, 35 configurations might be sufficient.

However, implementing a time-shift at the RN affects not only the positions of the configured backhaul subframes, but also affects the positions of the RN PBCH and PSS/SSS signals. In case that the RN should operate synchronously with the surrounding eNB(s), particularly the PBCH/PSS/SSS positions should be identical. So it would be desirable that all RNs attached to the same donor are synchronised, but still should have backhaul subframes that are orthogonal / shifted from each other. Conversely, in case that the PBCH/PSS/SSS signals should not be transmitted synchronously (like in a HetNet / eICIC scenario), a time shift of the subframes between eNB and different RNs is required. However whether the optimal strategy is to pack as many RN as possible in a single subframe or to distribute them as much as possible over different subframes will depend on the deployment and operation of the RN(s), therefore we see that both possibilities should be supported. We would like to note that a synchronized network operation including the subframe number synchronization would simplify the operation not only for the relay but also for the whole network. 
Therefore we think that a reduction to just 35 configurations would create unnecessary restrictions on the deployment / operation of RN. Certainly implementing only 35 out of 255 configurations reduces the implementation cost and testing efforts, but comparing the trade-off between complexity and operational capability, we are ok to include all the 255 configurations into the specification.
2.2 Using HARQ processes other than the minimum for certain subframe configurations

It has been claimed in [1] and in the email discussion after the RAN1 62 meeting that for the support of macro UE with a 20 ms SPS patterm it is beneficial to use sometimes more HARQ processes than the minimum, because then it is easier to have a clash between the SPS activity and always the same HARQ process on the backhaul.

2.2.1 Defining more HARQ processes than the minimum

According to the email discussion about the design details of the UL backhaul HARQ, it can be advantageous to define more HARQ processes than required to meet the >=8 ms RTT criterion. An example for configuration #17 is shown in Figure 1.
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Figure 1. Example for using 2 and 3 HARQ processes with configuration #17

We think that the scenarios where a regular 20-ms patterns for one or more backhaul HARQ process is supposedly beneficial are really corner cases for the following reasons and aspects:

· The collision issue does not if SPS uses even-numbered subframes, backhaul uses odd-numbered subframes (or vice versa). This means there is no problem at all until 50% of the subframes are occupied by SPS.
· SPS users should be preferably mapped to the subframes which cannot be used for the backhaul due to the MBSFN limitation of the RN. This gives 40% of the subframes that can be used exclusively for SPS without the risk of colliding with any backhaul traffic, and together with the even-odd principle results in a 70% subframe capacity usable for SPS.
· In case an alignment of the backhaul RTT with the 20 ms pattern is required, we note that backhaul configurations #85, #170, #255 already result in an RTT of 10 ms.

· If SPS and backhaul resources could be required in the same subframe, collision are avoidable in many cases by using the R-PDCCH assignment to allocate non-colliding resource blocks to the RN and/or transmission on a different spatial layer similar to MU-MIMO. (Note: There are no non-adaptive retransmissions for RN, while SPS UEs can employ both the adaptive and non-adaptive retransmission mechanisms). This means that collision avoidance can be done dynamically, and requires neither an RRC reconfiguration of the backhaul subframe configuration or number of HARQ processes, nor does it require an SPS reconfiguration.
· If really insufficient resources are available in a certain backhaul subframe, then collisions can be avoided by assigning no UL resources in that very subframe.
· If the cell is so fully loaded with SPS UEs that every subframe has an active SPS, and in every subframe almost all resources are allocated to SPS, it means that there is no room for any other traffic except the SPS initial transmissions. We note that this effectively would block the following transmissions:

· Any RN backhaul PUSCH

· Adaptive and non-adaptive retransmissions for any SPS UE

· Any non-SPS PUSCH transmission (initial and re-transmissions)

Consequently, we think it is not realistic. Rather, some of the SPS UEs should not have beem admitted to the cell, or they should not use SPS but dynamic traffic.

More important than supporting such corner cases is the efficient support and flexibility for backhaul configurations with a minimum number of HARQ processes and corresponding RTTs.
2.2.2 Defining fewer HARQ processes than the minimum

Even though defining fewer than the minimum number has not been actively proposed yet, we are briefly discussing it since we think this could be more interesting than a larger number of HARQ processes, even though this may seem counter-intuitive at first.
We consider again the example of configuration #17 shown in Figure 2. The behaviour of using 2 and 3 HARQ processes is as shown in Figure 1.
Evidently, defining fewer HARQ processes than the "minimum" number cannot be applied directly, because it would violate the minimum RTT criterion. However, this could be easily taken into account by employing DTX for those subframes that are violating the minimum RTT. In Figure 2, this is shown for N=1 HARQ process for subframes #7 and #27: Since the RTT comapred to the previously available subframes for the HARQ process would result in only 4 ms, these subframes are DTX'ed and not further considered. Consequently, subframes #3, #11, #23, #31 are usable for UL transmission. We note that subframes #7 and #27 are not used in a 20 ms pattern, which is supposedly beneficial for macro UEs using SPS. We also note that a configuration using only subframes #3, #11, #23, #31 is not natively supported by the 255-element table.
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Figure 2. Example for using 1, 2 and 3 HARQ processes with configuration #17

The resulting characteristic is summarised in Table 3.

	Number of HARQ processes
	RTT pattern within 40 ms
	Average RTT

	1
	8-12-8-12
	10 ms

	2
	8-16-16

16-8-16
	13⅓ ms

	3
	20-20

20-20

20-20
	20 ms


Table 3. Number of HARQ processes and resulting configurations

As can be seen, allowing a smaller number of HARQ processes has a much better effect than allowing a larger number of HARQ processes on the RTT, while keeping the property that one 20 ms periodicity pattern can be used for SPS macro UEs. Consequently, if RAN1 should really think that such an SPS scenario should be resolved, we think it should be done by allowing a smaller number of HARQ processes than the minimum in conjunction with a DTX behaviour for subframes that are violating the minimum RTT criterion (8 ms).
3 Conclusion
This contribution has discussed aspects of the HARQ process design for backhaul UL in FDD.We propose to agree the following:

· The number of HARQ processes are defined by a table, based on the 255 elements resulting from the agreements in RAN1 62.

· A reduction of configurations to much less than 255 has serious effects on the deployment and operational flexibility, and should therefore be considered only with very special care

· No further alignment to 20 ms HARQ RTT patterns is strictly necessary

· On the contrary, in case that such an aligment is required, it should be achieved by allowing a smaller number of HARQ processes with DTX for subframes that violate the minimum RTT criterion
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