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1 Introduction
The Work Item of “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation (eIMTA)” [1] is under discussion in RAN1. When TDD UL-DL configuration changes, transmission directions of some subframes are always fixed, e.g. subframes #0, #1, #2 and #5, and transmission directions of some subframes may vary between UL and DL, e.g. subframe #3, #4, #7, #8 and #9. Hence, subframes can be divided into two types, i.e. subframes with fixed transmission direction and subframes with flexible transmission direction, called fixed and flexible subframes, respectively, for short. In this contribution, potential behavior differences between fixed and flexible subframe are discussed. 
2 Discussion
In the current specification, there are seven TDD UL-DL configurations as shown in Table 1 below. The transmission directions of subframes #0, #1, #2, #5, #6 do not change with the TDD UL-DL configuration. For subframes #3, #4, #7, #8, #9, their directions are dependent on the UL-DL configuration. Here, subframe #6 may be a special or DL subframe and is considered as a fixed subframe with DL transmission direction.  

Table 1. TDD UL-DL configurations 
	Uplink-downlink 

Configuration
	Downlink-to-Uplink 

Switch-point periodicity
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	U

	1
	5 ms
	D
	S
	U
	U
	D
	D
	S
	U
	U
	D

	2
	5 ms
	D
	S
	U
	D
	D
	D
	S
	U
	D
	D

	3
	10 ms
	D
	S
	U
	U
	U
	D
	D
	D
	D
	D

	4
	10 ms
	D
	S
	U
	U
	D
	D
	D
	D
	D
	D

	5
	10 ms
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	D


Up to Rel-11, for each TDD UL-DL configuration, there is a specific HARQ timing so that every DL (or UL) data transmission is acknowledged in a predefined UL (or DL) subframe. If the same rule still applies in eIMTA, there is a problem how to make HARQ process operates smoothly during the transition of TDD UL-DL configurations especially when the TDD UL-DL configuration changes rapidly. In addition, if the TDD UL-DL reconfiguration signaling to a UE is missed, HARQ-ACK and/or PUSCH (re)transmission may be transmitted in a DL subframe, resulting in a UE-to-UE interference. The HARQ reference configuration specified in Rel-11 Work Item of Inter-band CA with different TDD UL-DL configurations can be used to resolve the problems mentioned above, where the HARQ timing does not change with the TDD UL-DL configuration, and even though the latest UL-DL reconfiguration signalling is missed, the HARQ operation is not influenced. In the previous meeting, one way forward on reference configuration are proposed in [2].
In order to schedule more flexible subframes as a UL subframe, UL-reference configuration should be a configuration with more UL subframes and less DL subframes, e.g., TDD UL-DL configuration 0. Similarly, in order to schedule more flexible subframes as a DL subframe, DL-reference configuration should be a configuration with more DL subframes and less UL subframes, e.g., TDD UL-DL configuration 5. 

UL- and DL-reference configurations should be explicitly or implicitly signalled to eIMTA capable UEs. These UEs can determine the candidate TDD UL-DL configuration(s) according to the signalled UL- and DL-reference configurations. If the UL-reference configuration is the same as the DL-reference configuration, there is only one candidate TDD UL-DL configuration, meaning eIMTA is not supported in the cell. Similarly, eIMTA capable UEs can determine the types of subframes (flexible or fixed) according to the UL- and DL-reference configurations. Specifically, a DL subframe in the UL-reference configuration is fixed and cannot be changed to UL; a UL subframe in the DL-reference configuration is fixed and cannot be changed to DL. If TDD UL-DL configuration 0 is used as the UL-reference configuration, then UL grants and the HARQ-ACK for a UL transmission should be transmitted in fixed DL subframe, i.e., subframe #0, #1, #5, and #6; if TDD UL-DL configuration 5 is used as the DL-reference configuration, the HARQ-ACK for a DL transmission should be transmitted in fixed UL subframe, i.e., subframe #2. To avoid legacy UEs doing measurements in a UL subframe, the following constraint should be supported:
· To avoid legacy UEs doing measurements in a UL subframe, both flexible subframes and fixed UL subframes should be indicated as UL in SIB 1.
2.1 Differences between fixed and flexible DL subframes
We analyze the difference between fized and flexible DL subframes in this section from the perspective of channels, reference signals, and RRM/RLM measurement functionality. Two key observations are:

· A main difference between fixed and flexible DL subframes is that flexible DL subframes cannot be used by legacy UEs since legacy UEs consider flexible subframes as UL. Similarly to NCT in which no legacy UE resides, DL physical channels/signals in a flexible DL subframe can be redesigned to improve the operational efficiency. 
· In addition, the interfering environments in flexible and fixed DL subframes may be different, and some interference mitigation methods, e.g., DL power allocation, may have different behaviors in these two types of subframes.
2.1.1 PDCCH/EPDCCH 
To support the operations of legacy UEs, the system information such as MIB, SIB, Paging, and so on should be transmitted only in fixed DL subframes. In other words, there are no PDCCHs/EPDCCHs scrambled with common RNTIs such as SI-RNTI, P-RATI, RA-RNTI and TPC-RNTI in flexible DL subframes. Hence, eIMTA capable UEs need not monitor common PDCCH/EPDCCH in common search space (CSS) of flexible DL subframe. If the PUSCH scheduling timeline follows the UL-reference configuration, since a DL subframe in the UL-reference configuration is always a fixed subframe, a UL grant occurs in a fixed DL subframe all the time. Hence, UE specific PDCCH/EPDCCH in a flexible DL subframe is just for DL assignment as there is no UL grant in a flexible DL subframe.
· There is no “common” PDCCH/EPDCCH in the CSS of a flexible DL subframe.
· There is no UL grant, and only DL assignments exist in the USS of a flexible DL subframe if the PUSCH scheduling timeline follows the UL-reference configuration.

2.1.2 PHICH
As in the previous discussion about the UL-reference configuration, UL HARQ-ACK (PHICH) should be transmitted in a fixed DL subframe. So there is no PHICH in a flexible DL subframe if the UL HARQ-ACK timeline follows the UL-reference configuration.
· There is no PHICH in a flexible DL subframe if the UL HARQ-ACK timeline follows the UL-reference configuration. 

2.1.3 PDSCH
Similarly to PDCCH, there is no common PDSCH in flexible DL subframe, i.e., PDSCH for which the corresponding PDCCH is scrambled with SI-RNTI, P-RNTI and RA-RNTI. 
For UE-specific PDSCH, Semi-Persisted Scheduled (SPS) PDSCH is transmitted periodically, e.g., period 10ms, 20ms, and so on. If SPS transmission occurs in a flexible DL subframe, UE will try to decode SPS PDSCH in next period where the transmission direction of that subframe may change to the UL. Although eNB can schedule the flexible subframe as DL to warrant the SPS transmission, this would limit the flexibility of traffic adaption. Hence, it is suggested not to configure SPS PDSCH in flexible DL subframes. 
· There is no common PDSCH in a flexible DL subframe.
· It is suggested not to configure SPS PDSCH in flexible DL subframes considering the flexibility of traffic adaption.
2.1.4 Reference signals (CRS/DMRS/CSI-RS)
As LTE evolves from Rel-9 to Rel-11, DL data transmission moves gradually from CRS-based to DMRS based technology, e.g., TM 8 in Rel-9, TM 9 in Rel-10 and TM 10 in Rel-11. In addition, the density of CRS is reduced to 1 port only and once every 5ms in a new carrier type. For flexible DL subframes, removing CRS does not destroy the system operation if data and control (i.e., EPDCCH) channels therein are DM-RS based.   
DMRS-based PDSCH can be scheduled in both fixed and flexible DL subframes. Hence, there is no difference for DMRS configuration in these two types of subframes.  
Non-zero and zero power CSI-RSs can be used to respectively measure serving cell signal strength and interference strength to calculate CSI, e.g., CQI, PMI, and RI. In addition, multiple CSI processes and IMR configuration are specified for TM 10 in Rel-11 to provide more flexible CSI-RS configuration. Considering different interfering levels in fixed and flexible DL subframes, it is proposed to allow for dual CSI-RS and/or IMR configurations in these two types of subframes.  
· Removing CRS in a flexible DL subframe does not destroy the system operation if data and control (i.e., EPDCCH) channels therein are DM-RS based.
· There is no difference for DMRS configuration in flexible and fixed DL subframes.

· It is proposed to allow for dual CSI-RS and/or IMR configurations in flexible and fixed DL subframes.
2.1.5 Measurements (RRM, RLM and CSI)
In a fixed DL subframe, the interference is from neighbouring eNBs with the interference type of eNB-to-UE. In a flexible DL subframe, the interference may be from UEs in neighbouring cells with the interference type of UE-to-UE. Thus, the interfering levels in flexible and fixed DL subframes may be different, and the measurement results should be different in these two types of subframes.
RRM measurement, i.e., RSRP and/or RSRQ, is mainly used for mobility management. The measurement is dependent on UE’s geographical location. If RRM measurement is performed in flexible DL subframe where interfering level may be worse than the one in fixed DL subframe, unnecessary handover may occur frequently. So there is no need to perform RRM measurement in a flexible DL subframe, and RRM measurement in fixed DL subframes only is sufficient.
RLM measurement is mainly used to monitor the radio link quality to ensure UE normal operations. In general, the measurement results in fixed DL subframes are better than those in flexible DL subframes. There is no need to perform RLM measurements in flexible DL subframes since the out-of-sync occurs only when the radio link quality is bad in both types of subframes. 
Since the DL power control may be applied in a flexible DL subframe to mitigate the interference of eNB-to-eNB, it is proposed there are dual CSI measurements and reports in these two types of subframes. Besides, considering different interfering levels in fixed and flexible DL subframe, dual CSI measurements and reports are required.
· It is proposed no RRM measurement is performed in a flexible DL subframe.
· It is proposed no RLM measurement is performed in a flexible DL subframe.

· It is proposed to have dual CSI measurement configurations and reports in flexible and fixed DL subframes considering different serving cell transmit powers and interfering levels in these two types of subframes.
2.2 Differences between fixed and flexible UL subframes
Similarly to DL, there are also different interfering environments between fixed and flexible UL subframes. The interference mitigation methods applied in these two subframes types may have different behaviors, e.g. UL power control.
2.2.1 PUCCH (DL HARQ-ACK, CSI and SR)
DL HARQ-ACK should be transmitted in a fixed UL subframe. So there is no DL HARQ-ACK in a flexible UL subframe if the DL HARQ-ACK timeline follows the DL-reference configuration.
CSI reports can be divided into two types, i.e., periodic CSI reports configured by high layers and aperiodic CSI reports triggered by the physical layer. For aperiodic CSI report, it can occur in both fixed and flexible UL subframes. For periodic CSI reports, the flexibility of traffic adaption may be influenced if they are configured in flexible UL subframes. 
Similar to periodic CSI reports, it is suggested not to configure scheduling requests (SR) in flexible UL subframes considering the flexibility of traffic adaption.  
· There is no DL HARQ-ACK in a flexible UL subframe if the DL HARQ-ACK timeline follows the DL-reference configuration.
· It is suggested not to configure periodic CSI report and SR in flexible UL subframes considering the flexibility of traffic adaption.
2.2.2 PUSCH
Similar to SPS PDSCH, it is suggested not to configure SPS PUSCH in a flexible UL subframe considering the flexibility of traffic adaption.
In a fixed UL subframe, the interference is from UEs in neighbouring cells with the interference type of UE-to-eNB. However, in a flexible UL subframe, the interference may be from other neighboring eNBs with the interference type of eNB-to-eNB. Thus, the interfering level in a flexible UL subframe may be stronger than that in a fixed UL subframe. So it is proposed that there are dual power controls for PUSCH transmission in fixed and flexible UL subframes considering the different interfering levels.
· It is suggested not to configure SPS PUSCH in a flexible UL subframe considering the flexibility of traffic adaption.
· It is proposed that there are dual power controls for PUSCH transmission in fixed and flexible UL subframe considering the different interfering levels.
2.2.3 PRACH
PRACH can be divided into two types, i.e., those initiated by UE and those triggered by eNB, for different purposes, e.g., initial access request and UL timing synchronization. For PRACH triggered by eNB, eNB can ensure the PRACH transmission occurs in a UL subframe. However, for PRACH initiated by UE, the subframe used to transmit PRACH may happen to be a DL subframe. So, PRACH initiated by UE should be restricted in a fixed UL subframe via the parameter prach-ConfigurationIndex configured in SIB2. This restriction applies to both legacy and eIMTA capable UEs.
· PRACH initiated by UE should be transmitted in a fixed UL subframe.

2.2.4 SRS
SRS transmission can be divided into two types, i.e., periodic and aperiodic SRS, and both types can be triggered by higher layers and the physical layer. For aperiodic SRS, it can occur in both flexible and fixed UL subframes. For periodic SRS, the flexibility of traffic adaption may be influenced if they are configured in flexible UL subframes. Moreover, it is proposed to have dual power controls for SRS transmissions in fixed and flexible UL subframe.
· It is suggested not to configure periodic SRS in a flexible UL subframe considering the flexibility of traffic adaption.
· It is proposed to have dual power controls for SRS transmissions in fixed and flexible UL subframes.

3 Conclusion
In this contribution, we discussed differences between fixed and flexible subframes in eIMTA, including differences between fixed and flexible DL subframes and differences between fixed and flexible UL subframes. 
We first observe two key characteristics of flexible subframes: 

· Flexible DL subframes cannot be used by legacy UEs since legacy UEs consider flexible subframes as UL. Hence, similarly to NCT in which no legacy UE resides, DL physical channels/signals in a flexible DL subframe can be redesigned to improve the operational efficiency. 

· The interfering environments in flexible and fixed DL subframes may be different, and some interference mitigation methods, e.g., DL power allocation, may have different behaviors in these two types of subframes.

Based on the above characteristics, we have the following additional observation from the perspective of channels, reference signals, and RRM/RLM measurement functionality:
·  Existence of physical channels and signals:

· There are no common PDCCH/EPDCCH and common PDSCH in a flexible DL subframe.
· There are no UL grant and PHICH in a flexible DL subframe if the PUSCH scheduling timeline follows the UL-reference configuration.

· There is no DL HARQ-ACK in a flexible UL subframe if the DL HARQ-ACK timeline follows the DL-reference configuration.
· Removing CRS in a flexible DL subframe does not destroy the system operation if data and control (i.e., EPDCCH) channels therein are DM-RS based.
· There is no difference for DMRS configuration in flexible and fixed DL subframes.

· Configuration constraints:
· It is suggested not to configure SPS PDSCH in flexible DL subframes considering the flexibility of traffic adaption.
· It is suggested not to configure periodic CSI report, SR, SPS PUSCH, and periodic SRS in flexible UL subframes considering the flexibility of traffic adaption.
· PRACH initiated by UE should be transmitted in a fixed UL subframe.

· It is proposed no RRM and RLM measurements are performed in a flexible DL subframe.
· Dual configurations:

· It is proposed to allow for dual CSI-RS and/or IMR configurations in flexible and fixed DL subframes.

· It is proposed to have dual CSI measurement configurations and reports in flexible and fixed DL subframes considering different serving cell transmit powers and interfering levels in these two types of subframes.
· It is proposed that there are dual power control parameters and mechanisms for PUSCH and SRS transmission in fixed and flexible UL subframe considering the different interfering levels.
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