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1. Introduction
In the RAN1#62 Madrid meeting and RAN1#62bis Xian meeting, several decisions on Un UL HARQ process in FDD were made and the contents for these agreements are described as following:
· Sequential Un UL HARQ process mapping to available subframes [1]
· 8ms Un DL subframe allocation 
· Use of a table to determine the UL HARQ number of processes 
· Refer AI 6.6.2 of chairman’s notes [2] in RAN1#62bis meeting for the agreed table
With these agreements, one remaining issue is to clarify the definition of “available subframe” when almost blank subframe (ABS) (i.e., time domain eICIC [3]) exists in Un link. Therefore, this contribution discusses on this issue.
2. Discussion on the definition of available subframe in Un link
[image: image1.emf]Relay Node

Macro eNB

Pico eNB


Figure 1. The scenario when RN and pico eNB coexists in one MeNB
Figure 1 shows the scenario where RN and pico eNB coexists in one MeNB. In this case, some MeNB’s DL subframe is set as ABS in order to reduce interference originated from MeNB DL transmission to the pico cell. Therefore, Un subframe configuration and ABS configuration can be coexist from the perspective of the MeNB. As shown in the previous section, the current agreement is to assign Un UL HARQ processes sequentially to “available subframes” in Un link. However, in scenario like figure 1, conflict between Un subframe configuration and ABS configuration may occur generated, so the definition of “available subframes” should be clarified with the consideration of this conflict. Here, we define conflict as the situation where Un subframe configuration and ABS configuration are overlapped in one DL subframe. In this case, that subframe cannot be used either for Uu or Un and DL resource of the subframe is wasted because RN cannot schedule Uu PDSCH transmission due to the Un configuration but R-PDCCH cannot be transmitted in ABS according to the agreement in [3]. Three options can be considered for dealing with possible conflict between Un subframe configuration and ABS configuration.
Option 1) No additional RN procedure is defined. UnSF configuration avoids ABSF by imposing restriction on subframe configurations and subframe offset setting.
Option 2) A RN procedure is added such that a subframe is not counted as an available UnSF if ABSF is configured in that subframe.
Option 3) The RN procedure is revised such that Un subframe configuration period of 8ms is replaced with 40ms in FDD.
Option 1 is beneficial in that that it can be operated without additional RN specification work. Figure 2 and 3 show some example of how the restriction is imposed in Option 1. Here, we assume the situation that the subframe offset of pico eNB (N_pico) is set to 2 and MeNB's DL subframes corresponding to subframe #0 for pico eNB is configured as ABS in order to protect physical broadcast channel (PBCH) transmitted form pico eNB. This ABS has the period of 10ms.
First, Figure 2 shows a method to avoid the by limiting Un DL subframe to odd-numbered subframes while configuring ABS only in even-numbered subframes. There is no restriction on setting the subframe offset of RN (N_relay) in this case, so we set N_relay to 0 to maximize the CRS-less Un subframe. The 8-bit bitmap for Un subframe configuration should be ‘01010101’ to avoid the conflict. This method can avoid conflict between Un subframe configuration and ABS configuration but there exists limitation in the number of Un DL subframes. In Figure 2, 12 subframes are available for Un in 40ms time window (30% utilization, half of the maximum Un resource utilization).
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Figure 2. An example for the operation of Option 1 when N_pico = 2, N_relay = 0 and 8-bit bitmap for Un subframe configuration is ‘01010101’.
Second, Figure 3 shows another method in Option 1 to avoid the conflict between Un subframe configuration and ABS configuration. Here, the subframe offset of RN is the same as that of pico eNB (i.e., N_relay = N_pico). In this case, ABS appears only in subframes that cannot be configured for Un due to the restriction on MBSFN configuration in subframe #0, #4, #5, and #9 in the RN cell. To be specific, the MeNB's subframes #2, which corresponds to subframe #0 for pico eNB, is aligned to the location of subframe #0 for RN which can never be configured as Un. Therefore, the conflict between Un subframe and ABS configuration can be avoided and 8-bit bitmap for Un subframe configuration can be set to ‘11111111’ to maximize the number of Un subframes (60% utilization). However, the method of Figure 3 imposes some restriction that subframe the offset of RN and pico MeNB should be same. This impacts on the CRS overhead of Un subframes: As shown in Figure 3, only 8 Un subframes can be operated without having CRS overhead, and the other 16 Un subframe should contain CRS overhead because they correspond to subframe #0, #4, #5, and #9 in the MeNB cell. This degrades the backhaul efficiency if RN is configured to use DM RS based R-PDCCH/PDSCH. We note that, the number of CRS-less Un subframe can be maximized if the restriction on the subframe offset is resolved. As shown in Figure 4, 20 Un subframes can be operated without CRS overhead when N_pico =2 and N_relay = 0.
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Figure3. An example for the operation of Option 1 when N_pico = 2, N_relay = 2 and 8-bit bitmap for Un subframe configuration is ‘11111111’.
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Figure 4. An example for the operation of Option 1 when N_pico = 2, N_relay = 0 and 8-bit bitmap for Un subframe configuration is ‘11111111’.

In Figure 4, 20 Un subframes in 40ms time window can be operated without CRS overhead period and this is much more than those in Figure 2 and Figure 3. However, the conflict between Un subframe and ABS configurations cannot be avoided perfectly in this case because Un subframe configuration follows 8ms period while ABS configuration follows 10ms period. 
In contrast to Option 1, Option 2 allows MeNB to configure ABS without any restriction because ABS is not be counted as an available Un subframe. So, it becomes possible to protect essential signals (e.g., PBCH/PSS/SSS/SIB1/Paging) which are transmitted from MeNB to pico eNB with a period other than 8 ms without sacrificing the resource efficiency. However, in Option 2, RN should combine the ABS configuration received via X2 and the Un subframe configuration via RRC. This combining operation should be described in RN specification.
In contrast to Option 1 and Option 2, Option 3 can exploit the full flexibility in configuring Un subframe and ABS without having any configuration combining procedure. However, Option 3 has a problem that the current agreement (i.e., 8ms period of Un subframe configuration) should be revisited.
3. Conclusion

In this contribution, we investigated three options to deal with possible conflict between Un subframe and ABS configuration. The summarized table for properties of three options can be described as following:
Table1. The summarized table for properties of three options
	
	Pros.
	Cons.

	Option 1
	No additional specification work is needed.
	Restriction is imposed on the subframe configuration and subframe offset setting.

	Option 2
	No restriction is imposed.
	Additional RN procedure needs to be captured in TS36.216 to describe “excluding ABS in counting Un subframe.”

	Option 3
	Full Flexibility is ensured in configuring Un subframe and ABS.
	The current agreement on 8ms period of Un subframe configuration should be revisited.
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