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1. Introduction

The WID for Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation [1] was approved in RAN#58 meeting. In the WID, the objective considers backward compatible issues which are as following:
· 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;
During study item phase, legacy UE’s performance and problem is considered for different TDD reconfiguration time scale [2]. In this paper, proposals are made to guarantee legacy UE’s performance and ensure flexibility for new UEs.
2. Backward Compatibility Considerations
Enable dynamically switching the transmission direction in LTE TDD for both eNB and UE can enjoy the benefit from adapting the instantaneous traffic load variance. But at meanwhile, as indicated in WID, legacy UEs’ performance needs to be protected and considered. When transmission direction can be dynamically changed between DL and UL, which is transparent to legacy UEs, one impact is for UE’s measurement based on CRS. Since after DL subframe is changed to UL subframe, there will be no CRS transmission but legacy UEs still think CRS is exist and will do channel measurement based on CRS. Then the wrong measurement results will impact RRM and periodic CSI report. This is also the case when DL subframe changed to special subframe, in which case part of CRS is missing. So the DL subframe cannot changed to UL subframe or special subframe to protect legacy UE’s measurement.

On the other hand, when UL subframe changed to DL subframe, eNB can mute legacy UE’s UL transmission by implementation e.g. configure PUCCH/SRS/SR resources to other UL and restrict DL scheduling to mute PUCCH, to avoid interference to new UEs. Besides, if subframe follows special subframe is actually a DL, and then special subframe can also be changed to DL subframe when eNB didn’t configure short RACH and SRS for legacy UEs in UpPTS.
Based on above consideration, we have the following proposal:

Proposal 1: Only UL subframe or special subframe which followed by actually DL subframe can be changed to DL subframe; DL subframe is not allowed to be changed to UL subframe or special subframe

There exist seven TDD UL-DL configurations to provide the asymmetric UL-DL allocations, from 40% to 90% DL subframes. We think existing seven TDD UL-DL configurations are already provide enough flexibility, so it is not necessary to introduce new TDD UL-DL configuration(s) unless the extra flexible gain can be justified. And reusing existing seven TDD UL-DL configurations can minimize the specification impact.
This also means when subframe transmission direction is dynamically changed, only existing TDD UL-DL configuration can be used. It is not allowed to form a new TDD UL-DL configuration in any radio frame. 
Proposal 2: No new TDD UL-DL configuration is introduced and TDD reconfiguration can only happens among existing seven configurations

If above two proposals can be agreed, then we can derive flexible subframes for each TDD UL-DL configuration. Flexible subframe means if subframe indicated in SIB1 signalling is an UL subframe or special subframe, it can be dynamically changed to DL subframe or not, in at least 10ms basis. For example, for TDD UL-DL configuration 0, subframe 3, 4, 6, 7, 8, 9 are UL subframes or special subframes, then they can be changed to DL subframes as needed. The observed flexible subframes for each TDD UL-DL configuration are summarized in the below table
Table 1 Flexible subframes for each TDD UL-DL configuration

	TDD

Configurations in SIB1
	Subframe Index

	
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	0
	D
	S
	U
	F
	F
	D
	F
	F
	F
	F

	1
	D
	S
	U
	F
	D
	D
	F
	F
	F
	D

	2
	D
	S
	U
	D
	D
	D
	F
	F
	D
	D

	3
	D
	S
	U
	F
	F
	D
	D
	D
	D
	D

	4
	D
	S
	U
	F
	D
	D
	D
	D
	D
	D

	5
	D
	S
	U
	D
	D
	D
	D
	D
	D
	D

	6
	D
	S
	U
	F
	F
	D
	F
	F
	F
	D

	Notes
	F stands for flexible subframe


Moreover, if proposal 2 is agreed, which means TDD reconfiguration can only happens among existing seven configurations, flexible subframe of each TDD configuration cannot be changed freely. Based on this we can define candidate TDD UL-DL configurations for each TDD configuration, which can clearly describe which TDD configuration can be reconfigured from TDD UL-DL configuration indicated in SIB1 signalling. One example to define such candidate TDD configuration set is in the below table
Table 2 Definition for candidate TDD UL-DL configuration

	SIB1 Indicated TDD UL-DL Configuration
	Candidate TDD UL-DL configuration set

	0
	0, 1, 2, 3, 4, 5, 6

	1
	2, 3, 4, 5

	2
	3, 4, 5

	3
	4, 5

	4
	5

	5
	NA

	6
	1, 2, 3, 4, 5


This kind of table is to define the flexibility of TDD dynamic switching, so the actually changed TDD configuration from SIB1 indicated TDD configuration is the subset of defined candidate TDD UL-DL configuration set. This will also facilitate the flexible TDD work and signalling design. Besides, if in the future release there has introduced new TDD UL-DL configuration, the table can be updated to adapt that easily.
Proposal 3: Define candidate TDD UL-DL configuration for each of existing seven TDD UL-DL configurations.
3. Conclusions
In this paper we discussed the backward compatible issues and also define flexibility rules to minimize the specification impact and facilitate the work of flexible TDD. Based on the discussions, we have the following proposals:
Proposal 1: Only UL subframe or special subframe followed by actually DL subframe can be changed to DL subframe; DL subframe is not allowed to be changed to UL subframe or special subframe

Proposal 2: No new TDD UL-DL configuration is introduced and TDD reconfiguration can only happens among existing seven configurations

Proposal 3: Define candidate TDD UL-DL configuration for each of existing seven TDD UL-DL configurations.
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