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1. Introduction

With the introduction of TDD eIMTA, connected UEs supporting TDD eIMTA can acquire two sets of TDD UL/DL configurations while IDLE UEs and legacy connected UEs can only acquire one set of TDD UL/DL configuration. Thus the RAN2 impacts of TDD eIMTA on these three kinds of UEs may be different. In this contribution, we will analyze the impacts and give our proposals based on the analysis.
2. Discussion
In the following, we first check the possible subframe direction changes brought by TDD eIMTA. According to the RAN1 specification, the TDD UL/DL configurations is as below： 
Table1.  Uplink-downlink configurations for TDD
	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


RAN1 has the working assumption that a subframe configured as DL subframe or DwPTS of special subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) should not be used for uplink transmission. Therefore, there may be four cases of the subframe direction change, as shown in Table 2:
                                                      Table2.  Four cases of subframe direction change
	Subframe change cases
	Subframe type before change
	Subframe type after change

	Case1
	UL
	DL

	Case2
	S
	DL

	Case3
	DL
	UL

	Case4
	DL
	S

	Note:  
For Case 3, the DL subframe refers to a subframe configured as DL by TDD eIMTA but indicated as an UL subframe by SIB1

For Case 4, the DL subframe refers to subframe configured as DL by TDD eIMTA but indicated as a special subframe by SIB1


Observation 1: Four subframe change cases can appear with the introduction of TDD eIMTA:
· Case1: UL-> DL 
· Case2: S -> DL
· Case3: DL-> UL

· Case4: DL-> S

In the following subsections, we discuss on the impact of TDD eIMTA on different kinds of UEs. And, in threes subsections Case 1(U2D), 2(S2D), 3(D2U) and 4(D2S) refer to the four subframe direction change cases in Table 2, respectively. 
2.1. Impacts on the IDLE UE

It is clear that Case3(D2U) has no impact on IDLE UE. The impacts of other three cases on IDLE UE are shown in Table3, together with some possible implementation-based solutions to solve the impact (in the third column):
                                                Table3.  TDD eIMTA impacts on IDLE UE
	Subframe change cases
	Impacts on
	Solutions

	Case1 (UL->DL)
	PRACH transmission
	· PRACH is not configured on the UL subframes which may be changed to DL subframes.

	Case2 (S-> DL) /

Case4 (DL->S)
	Paging reception
	· Subframe #6 is not configured as PO; or
· If subframe#6 is configured as PO, it shall not change to a DL subframe; or

· The paging transmissions are restricted to the OFDM symbols in the DwPTS region.


According to Table 3, it is proposed：

Proposal 1: The impacts of TDD eIMTA on IDLE UE should be avoided by eNB implementation.

2.2. Impacts on the legacy connected UE
For case3(D2U) and case4(D2S), there is no impact on legacy connected UE.

For case1(U2D), it leads to unnecessary power consumption and interference if legacy connected UEs perform uplink transmissions (RACH, PUCCH/SRS, UL initial transmission, UL adaptive retransmission, UL non-adaptive retransmission and UL SPS transmission) on the UL subframes which will be changed to be DL subframes. To alleviate the negative impact, UL transmissions on these subframes should be avoided. TTI bundling is not mentioned here because the typical use cases of TDD eIMTA are small cells such as Pico or Femto. For such small cells, UL power is not limited, thus there is no clear motivation to use TTI bundling.

For case2(S2D), similar as the analysis in 2.1, if the special subframe is changed to DL subframe, paging reception for legacy connected UE may be impacted.

The implementation-based solutions to avoid the above impacts are shown in Table3: 

                                                Table3.  TDD eIMTA impacts on IDLE UE

	Subframe change cases
	Impacts
	Solutions

	Case1 (UL->DL)
	PRACH/PUCCH/SRS transmission
	· PRACH/PUCCH/SRS is not configured on UL subframes which may be changed to DL subframes.

	
	UL initial transmission/UL adaptive retransmission
	· UL initial transmission is not scheduled on UL subframes which may be changed to DL subframes.

	
	UL non-adaptive retransmission
	· UL non-adaptive retransmission is forbidden on UL subframes which may be changed to DL by sending ACK in advance.

	
	UL SPS
	· UL SPS is disabled in cells with TDD eIMTA enabled; or

· UL SPS is configured only on UL subframes which will not be changed to DL and two-interval SPS transmission for TDD is disabled.

	Case2 (S-> DL)
	Paging reception
	· Subframe #6 is not configured as PO; or

· If subframe#6 is configured as PO, it shall not change to a DL subframe; or

· The paging transmissions are restricted to the OFDM symbols in the DwPTS region.


According to the Table3, it is proposed：

Proposal 2: The impacts of TDD eIMTA on legacy connected UE should be avoided by eNB implementation.

Proposal 3:  TTI bundling and TDD eIMTA should not be enabled for a cell simultaneously.

2.3. Impacts on the connected UE supporting TDD eIMTA
The impacts on connected UE supporting TDD eIMTA can be analyzed from the following aspects:
· UE capability
· The usages of TDD UL/DL configuration in SIB1 and TDD eIMTA

· Paging reception
· DRX
The detail analysis is as below：

· UE capability
From the eNB perspective, it should first know whether there is UE supporting TDD eIMTA in its served cells before it decides to enable TDD eIMTA,. 

Proposal 4:  The network should know whether the UEs served by it support TDD eIMTA or not. 
For the UE perspective, even if it supports TDD eIMTA, it should not always monitor the PDCCH indicating the dynamic TDD UL/DL configurations in order to save power. In addition, if TDD eIMTA is enabled, UL/DL reference HARQ timing may be used. Thus, the network should inform UE when the TDD eIMTA is enabled and when to stop by implicit or explicit ways.

Proposal 5:  The network should inform UE whether TDD eIMTA is enabled or not by implicit or explicit ways.

· The usages of TDD UL/DL configuration indicated in SIB1 and TDD eIMTA
According to RAN1 LS [1], the description about RRM/RLM measurement is as below:
	· For a serving cell, conventional RRM/RLM measurement is applicable to all the subframes 
indicated as DL subframe or DwPTS of special subframe by SIB1 (in case of PCell) and 
RadioResourceConfigCommonSCell IE (in case of SCell). 


Thus it can be concluded that for TDD eIMTA enabled UE, RRM/RLM measurement should follow the TDD UL/DL configurations in SIB1 and the data transmission should follow the TDD eIMTA configuration.

Proposal 6: For TDD eIMTA enabled UE, the RRM/RLM measurement should follow the TDD UL/DL configuration in SIB1, and the data transmission should follow the TDD eIMTA configuration.
· Paging reception

As discussed in section 2.1, for subframe change case2(D2F) and case4(D2S), Paging transmissions may be restricted to the OFDM symbols used for DwPTS. In this case, it should be discussed whether the TDD eIMTA enabled UE can receive paging transmissions in the DwPTS region and DL data transmissions in all the OFDM symbols in the subframe simultaneously.
Proposal 7: It should be discussed whether the TDD eIMTA enabled UE can receive paging on the OFDM symbols used for DwPTS and DL data in all OFDM symbols simultaneously when special subframe is changed to DL subframe.

· DRX
The TDD eIMTA may impact DRX from the following two aspects:

· The definition of PDCCH-sbuframe.
· The relation between Active Time and TDD eIMTA.
The first bullet relates to the PDCCH-subframe counting when the subframe direction changes between UL and DL. For the second bullet, it refers to how to ensure the UE is active in subframes which contain the L1 signaling for dynamic TDD UL/DL configuration indication. More discussions on these aspects can be found in [2].
Proposal 8：RAN2 should consider the impacts of TDD eIMTA on DRX.

3. Conclusion

According to the analysis in section 2, it is proposed:
Proposal 1: The impacts of TDD eIMTA on IDLE UE should be avoided by eNB implementation.

Proposal 2: The impacts of TDD eIMTA on legacy connected UE should be avoided by eNB implementation.

Proposal 3:  TTI bundling and TDD eIMTA should not be enabled for a cell simultaneously.

Proposal 4:  The network should know whether the UEs served by it support TDD eIMTA or not. 

Proposal 5:  The network should inform UE whether TDD eIMTA is enabled or not by implicit or explicit ways.

Proposal 6: For TDD eIMTA enabled UE, the RRM/RLM measurement should follow the TDD UL/DL configuration in SIB1, and the data transmission should follow the TDD eIMTA configuration.

Proposal 7: It should be discussed whether the TDD eIMTA enabled UE can receive paging on the OFDM symbols used for DwPTS and DL data in all OFDM symbols simultaneously when special subframe is changed to DL subframe.

Proposal 8：RAN2 should consider the impacts of TDD eIMTA on DRX.
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