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1. Introduction

In RAN1#72bis meeting, there was no online discussion about in what kind of subframes the transmission direction can be changed when TDD UL/DL configuration is changed. But there was one WF [1] addressed this issue based on offline discussions. The content is as follows:
· A subframe configured as DL subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) and not configured as a MBSFN subframe should not be changed to uplink.
· FFS whether a subframe can be changed to uplink when it is configured as DL subframe in SIB1 (in case of PCell) and RadioResourceConfigCommonSCell IE (in case of SCell) and also configured as a MBSFN subframe.
· CRS in the PDCCH region shall be transmitted in every MBSFN subframe regardless of the changeability to uplink

In above, we agree that DL subframes that are not configured as MBSFN subframes should not be changed to uplink because of the impact on legacy UE’s measurements due to lack of CRS. And in this paper, the basic rules for UL/DL switching are further discussed. More specifically, we provide some analysis on the feasibility of using MBSFN subframes as flexible subframes, and also the potential of changing special subframes to normal DL subframes.
2. UL transmission in MBSFN subframes
When eIMTA feature is enabled, TDD UL/DL configuration 0 can be indicated in SIB1 for legacy UEs and as the default configuration for eIMTA UEs. Totally 5 UL subframes can be changed for transmission direction to provide maximum flexibility. However, because transmission direction change is based on 10 ms order but UL HARQ RTT in TDD configuration 0 is not in 10 ms order, the transmission direction change may impact multiple UL HARQ processes for legacy UEs. So the alternative is to indicate TDD configuration 1 in SIB1 which has 10 ms UL HARQ RTT to reduce the impact to legacy UEs’ HARQ. However, with TDD configuration 1 in SIB1, there has been the argument that there is less flexibility in TDD reconfiguration in such case and the potential gain from traffic adaptation will be reduced. In such case, the solution of configuring MBSFN subframes as flexible subframes has been proposed to increase the flexibility. In the following, we give an analysis on the flexibility with and without allowing MBSFN subframes as flexible subframes and the impact to specification.

Case A: Not using MBSFN subframes as flexible subframes:

In case TDD configuration 1 is indicated in SIB1, and with the agreement of no introduction of new TDD configurations, the possible TDD configurations that can be used in the cell for new UEs are: TDD configuration 1, 2, 4, 5 with the corresponding DL/UL ratio of 6/4, 8/2, 8/2, 9/1 respectively. It can be expected that the DL heavy traffic can be supported well. To support heavy UL traffic, the TDD configuration 1 can be used which provides 4 UL subframes per radio frame. 
Case B: Using MBSFN subframes as flexible subframes:

In case MBSFN subframes can be utilized as flexible subframes, then for the cell with TDD configuration 1 indicated in SIB1, the allowed flexibility in TDD reconfiguration depends on the MBSFN configuration. The extreme case is to set the MBSFN-SubframeConfig with period of 10 ms, and subframes 4 and 9 are both configured as MBSFN subframes. In such case, it is possible for the cell to use any of the 7 TDD configurations for new UEs. Then compared with the case A without allowing MBSFN subframes as flexible subframes, additional TDD configurations supported are TDD configuration 0, 3 and 6 with the corresponding DL/UL ratio of 4/6, 7/3, 5/5 respectively. However, it is not obvious whether the gain from it can be large enough if taking the following factors into account:
· Firstly, in case A, there is already the flexibility to use the DL/UL ratio of 6/4, 8/2, and 9/1, then the introduction of additional DL/UL ratio of 6/4, 7/3 and 5/5 in case B may not bring obvious gain considering the practical traffic;
· Secondly, for the MBSFN subframes to be used as UL, shortened PUSCH/PUCCH formats have to be introduced due to the existence of non-MBSFN region, which has one or two OFDM symbols. The shortened PUSCH/PUCCH formats means reduced resource efficiency, degraded PUCCH performance, and at the same time increased specification efforts and implementation complexity, e.g., new design for shortened PUSCH/PUCCH format, new TBS determination and possible new channel estimation.
· It should also be noted that in case MBSFN subframes are configured for UL use, the new UEs have to detect DL in first one or two OFDM symbols, and switch to UL in following OFDM symbols in same subframe. The switching increases UE complexity and at the same time it requires a new subframe type similar to the special subframe with a gap between DL part and UL part, which further reduces the resource efficiency.

· Additionally, to allow such TDD reconfiguration flexibility, subframes 4 and 9 in each radio subframe have to be set as MBSFN subframes, which means that when used as DL, there will always be CRS transmission in 1st OFDM symbol, and there will always be legacy PDCCH region though it may be desired to use EPDCCH for scheduling and use DMRS based PDSCH for new UEs to reduce interference. Then comparing with case A, there can be DL performance degradation.  
 Based on the above analysis, we have the following observation:
Observation: By configuring a DL subframe as an MBSFN subframe and utilizing it as a flexible subframe, more TDD reconfiguration flexibility can be obtained, however, additional complexity to UE implementation and additional specification efforts are introduced while performance gain cannot be guaranteed. 
Proposal 1: Configuring a DL subframe as a MBSFN subframe for flexible switching is not preferred in terms of complexity and backwards compatibility
3. Potential of switching from a special subframe to a DL subframe 
At present, there is a common understanding within the group to allow switching from UL subframe to DL subframe for supporting flexible TDD. However, whether to allow switching from a special subframe in subframe #6 to a normal DL subframe has not been discussed and clarified yet. Since this open issue would affect system design as well as performance evaluation, it may have to be clarified as soon as possible.

In principle, the special subframe consists of DwPTS, GP and UpPTS. DwPTS are always reserved for downlink transmission. UpPTS and the subframe immediately following the special subframe are always reserved for uplink transmission. GP denotes the switching time between downlink and uplink. Thus, the question to be clarified is actually whether GP and UpPTS can be switched for DL operation or not.
Essentially, in case switching from the special subframe in subframe #6 to a normal DL subframe is not allowed, it implies that all 10 ms based frame configurations cannot be used supposing frame configuration 0 or 1 is the typical default configuration in LTE TDD network (see Table 1). More specifically, frame configuration #3, #4 and #5 configured with most DL subframes cannot be used in this case, which would significantly decrease the efficiency of flexible switching due to the limited UL/DL configurations. Especially, in case of more DL oriented traffic, the switching gain due to lacking of sufficient DL subframes in the configurations would be restricted.
Observation 2: If special subframe in subframe #6 cannot be changed to a normal DL subframe, TDD configurations #3, #4 and #5 cannot be used which limit the flexibility of eIMTA
Table 1: Uplink-downlink configurations [3].
	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


Further, the effect of such switching on the practical operation can be checked as below:

· From eNB operation perspectives there seems to be no restrictions or problems to support such switching. 

· For legacy UEs, it seems that the resource allocation can be only done based on DwPTS length since the legacy UE is not aware of such switching. 

· However, this will raise an issue on utilization of the fragmented frequency resources in GP and UpPTS fields which cannot be used by the legacy UEs. Especially, depending on the special subframe configuration, such fragmented resources used for GP and UpPTS in the special subframe can be up to 11 symbols. 
· For eIMTA UE, several approaches can be considered for the resources utilization on this normal DL subframe switched from a special subframe:
· A normal DL subframe based resource utilization is adopted.
· Only DwPTS field is used for DL transmission, similar to the resource utilization for the legacy UE based on the special subframe structure.

· Only GP and UpPTS fields are used for DL transmission. In this case, it can use the fragmented frequency resources in GP and UpPTS fields resulting from the resource allocation for the legacy UEs in DwPTS filed. It can avoid the waste of the fragmented resources.
In general, it seems beneficial to allow switching from the special subframe in subframe #6 to a normal DL subframe in terms of flexible TDD switching efficiency. The details of resource utilization can be FFS.
Proposal2: Allow switching from the special subframe in subframe #6 to a normal DL subframe.
4. Conclusions
In this paper, we analysed the feasibility of changing DL subframes to UL subframes by configuring them as MBSFN subframes and also the potential of changing special subframes to DL subframes. We have the following observation and proposal:
Observation: By configuring DL subframe as MBSFN subframe and utilizing it as flexible subframe, more TDD reconfiguration flexibility can be obtained, however, additional complexity to UE implementation and additional specification efforts are introduced while performance gain cannot be guaranteed. 
Observation 2: If special subframe in subframe #6 cannot be changed to a normal DL subframe, TDD configurations #3, #4 and #5 cannot be used which limit the flexibility of eIMTA
Proposal 1: Configuring a DL subframe as a MBSFN subframe for flexible switching is not preferred in terms of complexity and backwards compatibility
Proposal 2: Allow switching from the special subframe in subframe #6 to a normal DL subframe.
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