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1. Introduction
DL Un subframes are configured as MBSFN subframes at RN in order to allow Rel-8 UE to access the RN. Since MBSFN subframe cannot be configured in subframes #0, #4, #5 and #9, this limitation of DL transmission opportunities results in some loss of UL HARQ transmissions opportunities and hence increased delay. Therefore, lots of companies proposed various solutions about effective HARQ operation in Un link. In RAN1#62 Madrid meeting, the agreement for the method to determine UL Un HARQ RTT was made by giving additional restriction to the period of DL Un subframe allocation in the proposal of WF [1]. The WF [1] includes the following contents:
· Option 3: subframe-configuration dependent RTT
· HARQ processes are sequentially assigned to available subframes
· Similar to Rel-8 TDD
· Maximum number of processes is 6
· HARQ number of process can either be
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· Calculated
where N is the Un subframe configuration period of 10 or 40ms
· or signaled by RRC
Support any subframe allocation period, e.g., 8, 10, 20, 40ms
Agreed working assumptions which were made based on WF [1] and e-mail discussion are the same as following: 
· Sequential UL Un HARQ process mapping  [1]
· 8ms DL Un subframe allocation

· Use of a table to determine the UL HARQ number of processes
With these agreed working assumptions, one remaining issue is how to determine details of table for defining Un HARQ process. Therefore, this contribution provides our views on this issue.
2. Clarification of the Agreed Un HARQ Operation
As shown in the previous section, the current agreement is to assign UL Un HARQ processes sequentially to “available subframes.” Here, the definition of “available subframe” needs to be clarified, especially from the perspective of R-PDCCH demodulation RS and eNB subframe configuration.

First, let’s assume that RN is configured to use CRS for R-PDCCH demodulation and a subframe n is indicated by the 8ms DL Un subframe allocation. Then, the RN cannot receive R-PDCCH in that subframe if it is configured as MBSFN subframe in the eNB cell and no CRS is transmitted in the PDSCH region. Here, the question is whether this subframe can be counted as an available subframe. If it is counted as an available subframe, then, by the agreement, a UL HARQ process is assigned to this subframe. However, RN cannot receive any UL grant in that subframe, so the corresponding process should be suspended against the motivation of the agreement (Option 3 in [1]) that it is desirable to avoid UL Un HARQ suspension which appears in case of 8ms fixed RTT. If the subframe is not counted as an available subframe, we can avoid the HARQ process suspension and the possibility of backhaul average RTT minimization is allowed. However, in this case, the number of UL HARQ processes should be determined in consideration of eNB’s MBSFN subframe configuration. 

In case where RN is configured to use DM RS, the situation is different for “fake MBSFN subframe (or LTE-A only) subframe” and “true MBSFN subframe.” For fake MBSFN subframe where DM RS is transmitted without CRS overhead, there is no issue in receiving R-PDCCH. For true MBSFN subframe, however, only MBSFN RS is transmitted and the RN cannot receive R-PDCCH similarly to the case of CRS-based R-PDCCH.

Therefore, for a clear description of RN behavior in allocating Un subframe and determining Un HARQ process, we propose to clarify the definition of the “available subframe.”
Proposal 1: The definition of “available subframe” in Option 3 in [1] should be clarified in relation to the eNB subframe configuration. 
In the remaining part of this contribution, we assume that all the subframes indicated by the 8ms Un subframe allocation are available except for the those which correspond to subframe #0, #4, #5, or #9 in the RN cell.
3. Details of the Table for Defining the Number of HARQ Processes
In Un link, table-based approach is the working assumption for determining the number of UL HARQ processes and this working assumption seems valid if all the subframes indicated by the 8ms Un subframe allocation are available except for those which correspond to subframe #0, #4, #5, or #9 in the RN cell. Table consists of Un HARQ process indications and the number of UL HARQ processes matched to these indications. And it can be defined as a format like Figure 1.
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Figure 1. An example for the format of table
As Un subframe allocation is done based on a configuration pattern (i.e., the basic Un subframe allocation pattern) which is repeated with 8ms period, there exist 256 different Un HARQ timelines, each of which corresponds to one of 256 Un subframe patterns. So, we can assume that the Un HARQ process indication is expressed in a form of 8-bit signal like [
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]. Here, it is possible to relate the 8-bit HARQ process indication to the 8ms period Un subframe allocation by interpreting 
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 as the bit field which indicates whether the subframe 8n+k (from the RN cell perspective) can be assigned to Un link or not. More details are discussed in the next section.
When we define the table to specify the number of UL HARQ processes from the Un HARQ process indication, a single criterion such as the minimization of the average RTT, which is achieved by the formula proposed in [2, 3], is not enough to exclude all other potential criteria. This is because the single criterion limits the scheduling flexibility of MeNB which can perform dynamic resource sharing between UL SPS of MUE and UL transmission of RN by utilizing UL Un HARQ RTT other than the outcome of the minimization of the average RTT. 

If we look into the 256 Un subframe configurations, we can observe that a number of configurations form a group in which one configuration is nothing but a circular-shifted version of another configuration. In essence, all the configurations in the same group result in an equivalent Un resource allocation, and if the number of UL HARQ processes is defined by a single criterion, Un HARQ timeline also becomes the same. Therefore, in this situation, we do not need to support all the homogeneous Un configurations and Un HARQ timelines at the same time, especially when we can find another use case with a slight modification of Un HARQ timeline.
Table 1 shows selected groups which at least one UL HARQ process with a constant RTT (e.g., 20ms) can be made by increasing the number of UL HARQ processes among groups made from 256 Un subframe configurations. Here, the Un HARQ process indication is expressed in a decimal number.
And Table 2 shows the change of RTT of each UL HARQ process induced by adjusting the UL HARQ process number after the selection of one specific Un HARQ process indication in each group. Here, the pattern of RTT of each UL HARQ repeats with the period of 40ms. 
Figure 2 is an example for comparison of Un HARQ operation when the UL HARQ process number of Un HARQ process indication #17 (group A) is ‘the minimum HARQ process number (Case 0)’ and ‘the minimum HARQ process number+1 (Case 1)’. Here, the basic Un subframe allocation pattern is ‘00010001'. In figure 2, by increasing the UL HARQ process number of Un HARQ process indication #17 from 2 to 3, we can investigate that all the three processes have 20ms constant RTT. Therefore, in a group with Un HARQ process indications #17, #34, #68, #136 (group A), by changing the UL HARQ process number from 2 to 3, we can have 20ms constant RTT for all the three processes. Similarly in a group with Un HARQ process indications #51, #102, #153, #204 (group G), we can have 20ms constant RTT for all the processes by increasing the number of UL HARQ processes by 2. In some other groups (e.g., group B, group C, group D, group E, group F, group H), we can make 1 or 2 processes with 20ms constant RTT by adjusting the UL HARQ process number.
Table1. An example for the groups that at least one UL HARQ process with 20ms constant RTT can be made by adjusting the number of UL HARQ processes
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Table 2. An example for the change of RTT of each UL HARQ process induced by adjusting the UL HARQ process number after the selection of one specific Un HARQ process indication in each group
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Figure 2. An example for comparison of Un HARQ operation when the UL HARQ process number of Un HARQ process indication #17 (group A) is ‘the minimum HARQ process number (Case 0)’ and ‘the minimum HARQ process number+1 (Case 1)’
Considering that all the Un HARQ process indications in a group are equivalent to each other unless the number of UL HARQ processes changes, it is more beneficial to change the UL HARQ process number for some Un HARQ process indications in a group if it leads to a constant RTT. Table 3 is the proposed table for defining the number of UL HARQ processes.
Table 3. Proposal for the table
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Here, Un HARQ process indications with the same color mean that they are in the same group. Half of Un HARQ process indications in a group in Table 1 are managed to have a UL HARQ process number that can have at least one UL HARQ process with a constant RTT. For example, for group A where the minimum HARQ process number is 2, UL HARQ process number of Un HARQ process indications #34 and #136 is set to 3. By doing this, we can utilize the property of UL HARQ process with a constant RTT as well as minimized average RTT, one of which will be selected by eNB implementation.

4. Synchronization of Un Subframe Configuration
In order for the above-mentioned table-based approach to operate without error, eNB and RN should share the same Un subframe configuration. The current agreement says that Un subframe configuration follows an 8ms period (i.e., uses an 8ms basic Un subframe allocation pattern) but there is no mention about where the starting point of the basic pattern is. Also, when non-zero offset exists between the subframe number of eNB cell and RN cell, starting point of the basic pattern should be clarified in consideration of the subframe offset to synchronize Un HARQ timeline between eNB and RN.
In order to clarify the starting point of the 8ms basic Un subframe allocation pattern, we propose to explicitly describe which subframe is assigned to Un link. Here, two criteria should be considered;

· Does a subframe fall within the set of subframes that are configured as Un subframes by the 8ms basic pattern?

· If so, can the subframe be configured as MBSFN subframe in the RN cell?

From the assumption that the 8-bit HARQ process indication is related to the basic Un subframe allocation pattern, we can specify the above-mentioned two criteria in consideration of the subframe offset between eNB cell and RN cell as follows:

· For frame structure type 1, RN receives an 8-bit HARQ process indication [
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where subframe 0 in system frame 0 in the eNB cell is synchronized with subframe 
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 in the relay node cell.
By this Un subframe configuration criteria, it becomes possible that eNB and RN has a synchronized Un subframe configuration with an arbitrary subframe (and radio frame) offset.

5. Conclusion

In this contribution, we have discussed about the details of defining Un HARQ process. First, we consider which subframe is available for eNB-to-RN transmission and made the following proposal:

Proposal 1: The definition of “available subframe” in Option 3 in [1] should be clarified in relation to the eNB subframe configuration.
And under the assumption that all the subframes indicated by the 8ms Un subframe allocation are available except those which correspond to subframe #0, #4, #5, or #9 in the RN cell, we made the following proposals for the details of the table and for the Un subframe allocation:
Proposal 2: We propose the table for defining the number of UL HARQ processes as below:
· Refer Table 3 in section 2.
Proposal 3: In order to clarify the starting point of the 8ms basic Un subframe allocation pattern, we propose to explicitly describe which subframe is assigned to Un link. 
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Appendix – Text proposal for TS36.216

-------------------------------------------------------------------------------------------------------------------------------
5.1
Resource partitioning and multiplexing for relays
Time-frequency resources shall be set aside for eNB-RN transmissions by time multiplexing eNB-RN and RN-UE transmissions. Subframes during which eNB-RN transmission may take place are configured by higher layers. Downlink subframes configured for eNB-to-RN transmission shall be configured as MBSFN subframes by the relay node. eNB-to-RN transmissions occur in downlink subframes and RN-to-eNB transmissions occur in uplink subframes. For frame structure type 1, eNB-to-RN and RN-to-UE transmissions occur in the DL frequency band, while RN-to-eNB and UE-to-RN transmissions occur in the UL frequency band.


For frame structure type 1, RN receives an 8-bit HARQ process indication [
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where subframe 0 in system frame 0 in the eNB cell is synchronized with subframe 
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For frame structure type 2 the subframes that can be configured for eNB-RN transmission are listed in Table 5.1-1 where, for each subframe in a radio frame, “D” denotes the subframe is configured for downlink eNB-to-RN transmissions, “U” denotes the subframe is configured for uplink RN-to-eNB transmissions.
Table 5.1-1: Supported configurations for eNB-RN transmission (frame structure type 2)

	Backhaul subframe 

configuration
	Uplink-downlink 

configuration at RN cell [3]
	DL:UL ratio
	Subframe number
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7.2
Relay node procedures for transmitting the physical uplink shared channel
The physical uplink shared channel shall be processed as described in Section 8 of [5] with the following exceptions.

The relay node shall not expect HARQ feedback on PHICH.


At the relay node the number of HARQ processes is determined by the 8-bit HARQ process indication [
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 For FDD the number of HARQ processes is given by Table 7.2.-1, where the HARQ process indication is expressed in a decimal number. HARQ processes are sequentially assigned to subframes configured for RN-to-eNB transmission. 
Table 7.2-1: Number of uplink HARQ processes in FDD
	Un HARQ process indication
	Number of UL HARQ
processes

	1,2,4,8,16,32,64,128
	1

	3,5,6,9,10,12,17,18,20,24,33,36,40,48,65,66,68,72,
80,96,129,130, 132,144,160,192
	2

	7,11,13,14,19,21,22,25,26,28,34,35,37,38,41,42,44,
49,50,52,56,67,69,70,73,74,76,81,82,84,85,88,97,
98,100,104,112,131,133,134,136,137,138,140,145,
146,148,152,161,162,164,168,170,176,193,194,196,
200,208,224
	3

	15,30,45,46,54,57,58,60,75,78,86,87,89,90,91,93,
99,101,102,105,106,107,109,117,120,135,139,141,
142,147,149,150,153,154,163,165,166,169,171,173,
174,180,181,182,184,186,195,210,213,214,216,218,
225,226,228,232,234,240
	4

	31,47,55,59,61,62,79,94,95,103,110,111,115,118,
119,121,122,123,124,125,143,151,155,157,158,167,
175,179,183,185,187,188,189,190,199,203,205,206,
211,215,217,219,220,221,222,227,229,230,233,235,
236,237,238,241,242,244,245,246,248,250
	5

	23,27,29,39,43,51,53,63,71,77,83,92,108,113,114,
116,126,127,156,159,172,177,178,191,197,198,201,
202,204,207,209,212,223,231,239,243,247,249,251,
252,253,254,255
	6


For TDD the number of HARQ processes is given by Table 7.2-2. A re-transmission, when applicable, shall occur in a subframe with the same subframe number as the original transmission. 
Table 7.2-2: Number of uplink HARQ processes in TDD

	Backhaul subframe 

configuration
	Number of UL HARQ 
processes

	0
	1

	1
	1

	2
	1

	3
	1

	4
	2

	5
	1

	6
	1

	7
	1

	8
	1

	9
	1

	10
	1

	11
	1
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