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1 Introduction
At RAN #58, it has been concluded that this WI is to enable TDD UL-DL reconfiguration for traffic adaptation in small cells [1]. In order to achieve the performance gain of TDD eIMTA by adapting to the fluctuation of DL-UL traffic while maintaining the performance of legacy UE, backward compatibility issue should be considered. This issue has been concluded in [1] as:

· Backward compatibility shall be maintained and performance (both RRC_CONNECTED and RRC_IDLE) of both legacy UEs and UEs supporting operation in cells with TDD UL-DL reconfiguration based on traffic adaptation shall be considered for the scope of this work item.
In this effort, we try to provide some observations in terms of backward compatibility of TDD eIMTA system in this contribution.

2 Backward compatibility
It is possible for TDD eIMTA to be implemented on non-backward compatible carrier, where there is no issue of coordination between TDD eIMTA system and legacy system. However, backward compatibility is an essential requirement for the LTE-Advanced system, such that LTE Rel.8 terminal can work in LTE-A network and vice-versa. Therefore, TDD eIMTA is more likely to be implemented on backward compatible carrier on which both legacy UE and TDD eIMTA UE camp. In order to achieve the packet throughput gain while maintaining the performance of legacy UE of reasonable level, the backward compatibility of TDD eIMTA should be carefully considered.

Transmission direction collision

The first issue of backward compatibility is the transmission direction collision on flexible subframes.

In legacy TDD systems, TDD UL/DL configuration is included in SIB1 and the minimum SIB1 modification period is 640ms. In order to match the instantaneous traffic variation and support dynamic TDD UL-DL configuration with more sensitivity to the traffic fluctuation, smaller modification period (i.e. 10ms) should be employed. Therefore, it is highly likely that the TDD configuration for legacy UE and eIMTA UE may not be the same. For example, as illustrated in figure1, legacy UE and eIMTA UE have different transmission directions on subframe#4 and #9 as TDD configuration for two systems– configuration 1 for legacy UE and configuration 0 for eIMTA UE – are different.
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Figure 1. Transmission direction collision between legacy and eIMTA system.
There are basically three options to handle this collision:

Option1: The transmission direction on these collision subframes follows the configuration of legacy system

The main idea of TDD eIMTA is to support dynamic TDD UL-DL configuration with more sensitivity to the traffic fluctuation. If the transmission direction of collision subframes follow the transmission direction of legacy system, then the TDD configuration of eIMTA system is the same as that of legacy system and there is no way to adapt to the real-time traffic fluctuation. As a result, this option is sub-optimum.

Option2: The transmission direction on these collision subframes follows the configuration of eIMTA system
If the transmission direction follows the TDD configuration of eIMTA, then the performance gain of Flexible TDD can be achieved.  However, since the collision subframes are exclusively dedicated to eIMTA system and legacy UE should not be scheduled on these subframes, the performance of legacy system may face some degradation.  What worth noting is that the degradation is not only from the absence of resource for PDSCH/PUSCH transmission in the collision subframe, but also from the absence of resource for PHICH/PUCCH for HARQ-ACK feedback which prohibits the corresponding transmission of PDSCH/PUSCH in subframes without transmission direction collision. In order to alleviate the performance degradation of legacy system, it is possible to schedule legacy UE with higher priority on subframe without transmission direction collision and has related HARQ-ACK feedback resource on another subframe also without transmission direction collision. 
Option3: some collision subframes follow the configuration of legacy system while some collision subframes follow the configuration of eIMTA system

In another attempt to achieve the performance gain for eIMTA and alleviate the impact on legacy system, it is possible for some collision subframes follow the configuration of legacy system, while other collision subframes follow the configuration of eIMTA system. For instance, as illustrated in figure1, in subframe #4, the transmission direction is UpLink, as configured for eIMTA system, and in subframe #9, the transmission is DL, as configured for legacy system. 
Observation 1: Transmission direction collision should be handled in order to achieve the flexible-TDD gain while maintaining the performance of legacy system
CSI measurement for legacy UE

It is possible to schedule the legacy UE only on the non-collision sub-frames in order to achieve backward compatibility. However, the CSI measurement for legacy UE may be another challenging problem.

As illustrated in Figure 2, CQI reporting on UL subframe #2 may be based only on CSI reference signal on DL subframe #8 of the previous frame. If the transmission direction of subframe #8 follows the configuration eIMTA system, then subframe #8 is used as UL subframe by eIMTA UE and eNodeB but treated as DL subframe by legacy UE since TDD eIMTA is transparent from the preference of legacy UE. As a result, the CSI measured by legacy UE should be really bad and it is impossible to grant resource for DL transmission based on the reported CQI.
· For Rel.10/11 UE, since CSI-RS transmission can be configured by eNodeB, the problem can be solved by configuring CRS-RS periodicity and offset value in order to guarantee that CSI-RS will always transmitted on fixed DL subframe.

· For Rel.8/9 UE, CRS transmission cannot be configured by eNodeB and is transmitted on every DL/special subframe. CQI reporting on subframe #2 may be based only on CRS transmitted on DL subframe #8 of the previous frame. As illustrated in figure 2, there is no CRS transmission on DL subframe#8 since this subframe is used by TDD eIMTA for UL transmission.
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Figure 2:  CSI reporting for legacy UE in TDD eIMTA system
The problem may not be so severe if the CQI is based only on one single CSI reference resource, since eNodeB can ignore the abnormal CQI report, and legacy UEs don’t always feedback the abnormal CQI because the TDD configuration for eIMTA system changes dynamic and the transmission direction for subframe #8 will be used as DL subframe by TDD eIMTA system from time to time. However, if the CQI is based on the observation of several DL subframes, then the problem becomes tricky because the observation time may include one or two subframes without the presence of CRS. 
In conclusion, if the backward compatibility of eIMTA is considered seriously, then the impact of eIMTA on the CSI measurement for legacy UE, especially for Rel.8/9 UE, should be examined carefully.
Observation 2: The impact of eIMTA on the CSI measurement for legacy UE, especially for Rel.8/9 UE, should be examined carefully.
PUCCH resource collision

For TDD HARQ-ACK bundling and TDD HARQ-ACK multiplexing, the DL subframes one UL subframe responsible for feeding back HARQ-ACK is determined by the DL association set as specified in Table 10.1.3.1-1 in 3GPP TS 36.213 V10.6.0 (2012-06).
 For example, assuming the globally index of UL subframe#2 as subframe n, then  this UL subframe is responsible for reporting HARQ-ACK for subframes{ n-7, n-6, n-11} if configuration 3 is configured. The PUCCH resource for subframes in the DL association set is block interleaved in order to reuse unused PUCCH for PUSCH transmission. What worth noting is that special subframe is always mapped as the last one because at most 2 OFDM symbols are occupied by PDCCH in special subframe. 
Table 10.1.3.1-1 of 36.213: Downlink association set index
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	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	-
	-
	6
	-
	4
	-
	-
	6
	-
	4

	1
	-
	-
	7, 6
	4
	-
	-
	-
	7, 6
	4
	-

	2
	-
	-
	8, 7, 4, 6
	-
	-
	-
	-
	8, 7, 4, 6
	-
	-

	3
	-
	-
	7, 6, 11
	6, 5
	5, 4
	-
	-
	-
	-
	-

	4
	-
	-
	12, 8, 7, 11
	6, 5, 4, 7
	-
	-
	-
	-
	-
	-

	5
	-
	-
	13, 12, 9, 8, 7, 5, 4, 11, 6
	-
	-
	-
	-
	-
	-
	-

	6
	-
	-
	7
	7
	5
	-
	-
	7
	7
	-


Assuming configuration #5 is used as the reference configuration for PDSCH HARQ-timing in eIMTA system and HARQ-ACK bundling or multiplexing is used for HARQ-ACK feedback. For one UL subframe, it is highly likely that the DL associated set for legacy system and eIMTA system is not the same. 

As illustrated in figure 3, legacy system is configured with TDD configuration#3 and eIMTA system can be configured with TDD configuration #3, #4 or #5, depend on the transmission direction of subframe #3 and #4.  The DL association set of UL subframe #2 is {7, 6, and 11} for legacy system, which corresponds to DL/special subframe {#5, #6, and #11}. For eIMTA system, since configuration #5 is assumed as the reference configuration for HARQ timing, the DL association set is {13, 12, 9, 8, 7, 5, 4, 11, and 6}, which corresponds to subframe {#9, #0 ,#3, #4, #5, #6, #7, #8 and #1}, regardless which TDD configuration is actually used.
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Figure 3:  DL association set for legacy system and eIMTA system.
If PUCCH resource reservation as specified in Rel.11 is still followed by TDD eIMTA system and only one PUCCH offset is used by both systems, then PUCCH resource collision will happen. For example, PUCCH resource associated with PDCCH which occupies the first CCE in PDCCH region in subframe #5 in legacy system will collide with PUCCH resource associated with PDCCH which occupies the first CCE in PDCCH region in subframe #9.
Observation 3: PUCCH resource reservation for TDD eIMTA system should be redesigned in order to avoid PUCCH resource collision between legacy and eIMTA system
3 Conclusion 
In this contribution, we discussed the backward compatibility issue of TDD eIMTA system and provided our observations:

Observation 1: Transmission direction collision should be handled in order to achieve the flexible-TDD gain while maintaining the performance of legacy system
Observation 2: The impact of eIMTA on the CSI measurement for legacy UE, especially for Rel.8/9 UE, should be examined carefully.
Observation 3: PUCCH resource reservation for TDD eIMTA system should be redesigned in order to avoid PUCCH resource collision between legacy and TDD eIMTA system
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