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Introduction
[bookmark: OLE_LINK10][bookmark: OLE_LINK11]In RAN1#84b, additional subframe type is discussed in order to reduce latency in TDD. For evaluation assumption, following are assumed [1]
· [bookmark: _GoBack]Evaluation sets include at least the followings
· Reference set: Legacy TDD DL/UL configuration with legacy TTI
· Set 1: full flexibility on other subframes
· All downlink subframes which can be configured as MBSFN subframes can be replaced with additional subframe type(s)
· All uplink subframes can be replaced with additional subframe type(s)
· Special subframe can be replaced with additional subframe type(s)
· Set 2: full flexibility only on UL subframes
· All downlink subframes are fixed as downlink subframes
· Special subframes are fixed as special subframes
· All uplink subframes can be replaced with additional subframe type(s)
· Set 3: keep legacy TDD DL/UL configuration
· All downlink subframes are fixed as downlink subframes
· All uplink subframes are fixed as uplink subframes
· Special subframes are fixed as special subframes
In this contribution, we discuss additional subframe type based on DL MBSFN subframe, UL subframe and special subframe.
Discussion
[bookmark: OLE_LINK258][bookmark: OLE_LINK259]When additional special subframe type ("A") is allocated to sTTI UEs, the subframe in a carrier cannot be allocated to legacy UE simultaneously to avoid self-interference on eNB. Therefore, the impact of an additional special subframe to and by legacy UE should be considered. The UL/DL configuration for legacy UE is shown in Table 1. For 10ms Downlink-to-Uplink Switch-point periodicity, the first step would be changing subframe 6 from "D" to "A" in configurations 3, 4, 5 to align subframe 6 with the special subframes of the 5 ms switching configurations.
Table 1 the UL/DL configuration for legacy UEs
	UL-DL
Config
	Switch
	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



In case a DL MBSFN subframe is used for additional special subframe, there is no impact on UL and DL HARQ timing for legacy UEs. The DL subframe # 3,4,7,8,9 can be MBSFN subframe. The legacy UE can receive every PHICH and transmit every PUCCH in UL subframes. In addition there is no impact on RACH resources. However, the UL interference in additional special subframe to neighbouring cells in DL should be coordinated. The UL transmission power in MBSFN subframe would be limited similar to eIMTA. 
In case an UL subframe is used for additional special subframe, it has less impact on UL/DL interference for neighbouring cells. However, the ACK/NACK for DL data transmission for legacy UE is blocked by additional special subframe in some UL/DL configuration. This is particularly true for subframe #2 where ACK/NACK would always be possible to occur. Therefore subframe #2 might be exempted from the possibility to be used as an additional special subframe. The DL data allocation should be limited by scheduler or eIMTA could be configured for legacy UEs where this option is available. RACH /SR configuration should be limited accordingly.
The candidates of additional special subframes for 5msec and 10ms downlink-to-uplink switch-point periodicity are shown in Table 2.The additional special subframe on MBSFN subframe is suitable for DL heavy configuration as UL/DL configuration #1 and #2. The subframe #4 and #9 can be additional special subframe. The additional special subframe on UL subframe is suitable for UL/DL configuration #0. In UL/DL configuration #0, the subframe #3 and subframe #8 are not used for ACK/NACK transmission for DL. So the subframe #3 and subframe #8 can be additional special subframe with low impact on legacy UE. For UL/DL configuration #6, to use an UL subframe might better from the point of view that the UL/DL configuration #6 is UL heavy configuration. However, every UL subframe is used for ACK/NACK transmission for DL. If MBSFN subframe is used for additional special subframe, subframe #9 can be additional special subframe. 
Table 2 the configuration of additional special subframe
	UL-DL
Config
	Switch
	Subframe number

	
	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

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

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

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

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

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

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

	6
	5 ms
	D
	S
	U
	U
	U
	D
	S
	U
	U
	DA?



For both DL MBSFN subframe and UL subframe, when there is no sTTI transmission in the additional special subframe, this subframe can be allocated for legacy UEs. The scheduling is controlled by eNB.
In case a special subframe is used for additional special subframe, it has less impact on legacy UE. However the gain of latency reduction is small. For special subframe which is supported by legacy UEs, additional UpPTS configurations which allow more UL sTTIs could be configured for sTTI UEs. Some symbols in guard period (GP) may be occupied by sTTI depending on UpPTS configuration.

Proposal 1: both MBSFN subframe and UL subframe could be considered as additional special subframe for sTTI UEs in TDD, with the possible exception of subframe #2
Proposal 2: sTTI UE and non-sTTI UE may use different configurations on DwPTS, GP and UpPTS in the same special subframe in TDD; for this purpose, it is useful to define additional special subframe configurations
Conclusion
In this contribution, we discussed additional subframe type based on DL MBSFN subframe, UL subframe and special subframe. We proposed
Proposal 1: both MBSFN subframe and UL subframe could be considered as additional special subframe for sTTI UEs in TDD, with the possible exception of subframe #2
Proposal 2: sTTI UE and non-sTTI UE may use different configurations on DwPTS, GP and UpPTS in the same special subframe in TDD; for this purpose, it is useful to define additional special subframe configurations
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