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1 Introduction
In RAN1#74bis, downlink HARQ design in TDD eIMTA was discussed with the following agreements made [1]:

· DL HARQ reference configuration can choose from Rel-8 TDD UL-DL configurations {2, 4, 5} and the following behavior is agreed:
· Under any valid UL & DL HARQ reference configurations, the UE should not expect any subframe configured as UL subframe or special subframe in DL HARQ reference configuration is dynamically used as DL subframe.
· FFS whether to capture the above into specifications
In this contribution we discuss the PUCCH resource allocation for TDD eIMTA.
2 Discussion

2.1 PUCCH resource collision
According to agreements on PDSCH HARQ timing, an eIMTA UE will operate its DL HARQ transmission according to a RRC configured DL-reference UL-DL configuration (e.g. configuration 2). A non-eIMTA UE will operate according to the SIB1 UL-DL configuration (e.g. configuration 1). This may result in a collision for implicit PUCCH resource, as shown in Figure1. It is noted that implicit PUCCH format 1a/1b resource determination is applicable when PUCCH format 3 is used and the UE only receives a PDCCH with DL DAI equal to 1 or when HARQ-ACK multiplexing/bundling with PUCCH format 1a/1b is used. And for other cases, explicit PUCCH resource allocation is applied and ARO/ARI field in DL grant could be used to avoid collision.
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Figure1: Implicit PUCCH format 1a/1b resource collision
Proposal 1: 
Implicit PUCCH format 1a/1b resource collision between eIMTA and non-eIMTA UEs should be solved.
2.2 Solutions to implicit PUCCH format 1a/1b resource collision
Some solutions to implicit PUCCH format 1a/1b resource collision were provided in [2] [3]. In this section, our views on these solutions are provided.
· Solution 1: Separate PUCCH resource is allocated for eIMTA and non-eIMTA UEs and PUCCH resource for an eIMTA UE is allocated implicitly according to its DL-reference configuration using a new PUCCH starting offset, as shown in Figure2(a). The new PUCCH starting offset could be configured by higher layer signaling 
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· Solution 2: Explicit PUCCH format 1a/1b resources for an eIMTA UE are configured by higher layer signaling, as shown in Figure2 (b). ARI can be used to support statistical multiplexing so that the efficiency of the explicit resource allocation can be further improved. If ARI is required, additional bits shall be added in the DL grant on Pcell since TPC field cannot be reused.
· Solution3: In a bundling window, the implicit PUCCH resources for the overlapped subframes (i.e. DL subframes according to both the eIMTA DL-reference configuration and the SIB1 configuration) are shared among eIMTA UEs and non-eIMTA UEs, and PUCCH resources for the non-overlapped subframes are allocated implicitly with a new PUCCH starting offset, as shown in Figure2(c). Similar to solution 1, the new PUCCH starting offset could be configured by higher layer signaling 
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. Since the overlapped and non-overlapped subframes are handled differently, it requires significant specification work to define new downlink subframe association for each UL subframe and for each combination of HARQ DL-reference configuration and SIB-1 UL-DL configuration.
· Solution 4: In a bundling window, the implicit PUCCH resources for the overlapped subframes (i.e. DL subframes according to both the eIMTA DL-reference configuration and the SIB1 configuration) are shared and explicit PUCCH resources for the non-overlapped subframes are configured by higher layer signaling, as shown in Figure2 (d). Similar to solution 2, ARI can be used to further improve the efficiency of the explicit resource allocation. If ARI is required, additional bits shall be added in the DL grant on Pcell since TPC field cannot be reused. This solution is a combination of solution 2 and 3.
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Figure 2: Solutions to implicit PUCCH format 1a/1b resource collision

Above solutions are compared in terms of PUCCH overhead and specification impact in Table 1. Note that PUCCH overhead is estimated assuming few UE are scheduled within the bundling window.
Table 1: Comparison of PUCCH overhead and specification impact
	
	Solution 1
	Solution 2
	Solution 3
	Solution 4

	PUCCH overhead
	High
	Low
	Low
	Low

	Required higher layer signaling
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Implicit PUCCH format 1a/1b resource starting offset for eIMTA UEs
	Explicit PUCCH format 1a/1b resources
	Implicit PUCCH format 1a/1b resource starting offset for eIMTA UEs
	Implicit PUCCH format 1a/1b resource starting offset and explicit PUCCH format 1a/1b resources for eIMTA UEs

	Required Physical layer signaling
	w/o
	Additional bits in DL grant if ARI is used
	w/o
	Additional bits in DL grant if ARI is used

	Specification impact
	Low
	Low
	High
	High


Proposal 2: 
Considering the tradeoff between PUCCH overhead and specification impact, explicit PUCCH format 1a/1b resource configuration (with or without ARI) for eIMTA UEs is preferred.
2.3 Enhancement to solution 1 and solution 3
The implicit PUCCH resource allocation by current specification does not distinguish SIB-1 DL subframe and reconfigurable subframe in a bundling window. However, the PUCCH resource for a reconfigurable subframe is not always needed, e.g. when a reconfigurable subrame is used as UL. Therefore, it has been proposed to separate the PUCCH resource allocation for the SIB-1 DL subframes and the reconfigurable subframes (i.e. the PUCCH resource for the two types of subframes are not interleaved together) so that the latter could possibly be used for PUSCH transmission [2]. Figure 3 shows an example of the enhancement of the implicit PUCCH format 1a/1b resource allocation, assuming that UL-DL configuration #0 is indicated by SIB1 and configuration #2 is used as the DL-HARQ reference configuration. 
As significant specification impact can be envisioned for this mechanism, the potential gain in UL overhead saving should be studied first. It can be expected that the potential gain may be maximized if UL-DL configuration #0 is used in SIB-1 and configuration #5 is used as DL-HARQ reference configuration. In such a case, when the UL-DL configuration #0 is indicated by the explicit L1 signaling, 3 PRBs can be saved per radio frame, which corresponds to 1% gain of the UL spectrum efficiency. The analysis assumes 10MHz system bandwidth, 1 OFDM symbols used by PDCCH, and 18 PUCCH format 1a/1b resources per PRB pair. It is noted that option 2 with explicit PUCCH format 1a/1b resource may consumed less PUCCH format 1a/1b overhead compared to this enhanced option 1/3, since there are only a small number of UEs scheduled in a subframe for TDD eIMTA.
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Figure 3: Enhancement to implicit PUCCH resource allocation
Observation: 
The potential spectrum efficiency gain by non-interleaving implicit PUCCH resource allocation for the SIB-1 DL subframes and the reconfigurable subfarmes is not significant, while the specification impact can be large. 
3 Conclusions
In this contribution, we discuss the PUCCH resource allocation details in TDD eIMTA, with the following proposals and observation:
Proposal 1: 
Implicit PUCCH format 1a/1b resource collision between eIMTA and non-eIMTA UEs should be solved.
Proposal 2: 
Considering the tradeoff between PUCCH overhead and specification impact, explicit PUCCH format 1a/1b resource configuration (with or without ARI) for eIMTA UEs is preferred.
Observation: 
The potential spectrum efficiency gain by non-interleaving implicit PUCCH resource allocation for the SIB-1 DL subframes and the reconfigurable subfarmes is not significant, while the specification impact can be large. 
4 References
[1]. Chairman Notes of RAN1#74

[2]. R1-134238, “Backward compatibility for TDD eIMTA system” ,NEC
[3]. R1-134157,“ On PUCCH HARQ-ACK procedure for eIMTA”, Samsung[image: image9.png]



� EMBED Equation.DSMT4  ���











PAGE  
1

[image: image10.wmf]_1444650304.unknown

_1444659055.vsd
�

#6


#6


#4


#5


#8


#4


#5


#8


#4


#5


#8


PUSCH


#6


#6


#4


#5


#8


#4


#5


#8


#4


#5


#8


PUSCH


Flexible resource for PUSCH


Enhancement



_1444650216.unknown

