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1 Introduction

According to the objectives for WID in [1], “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.”  The backward compatibility needs to be considered for the legacy UEs.
In this contribution, we discuss the issues for UL and DL transmission backward compatibility and give our proposals.
2 Discussion on backward compatibility
Backward compatibility needs to be considered for legacy UEs when they access Rel-12 network, with the following two issues need to be considered for eIMTA
· UL synchronous HARQ issue,
· DL RLM/RRM and CSI measurement issue. 
In the following sections, we will discuss these two issues and give possible solutions.
2.1 UL synchronous HARQ issue
In TDD system, there are 7 TDD configurations which can be configured for legacy UEs. For TDD configuration 0 and 6, the RTT between UL initial transmission and retransmission is not 10ms. In the same time, the flexible subframes is usually considered as to occur with the periodicity of 10ms or multiple of 10ms. Even the UL data packet is scheduled on the fixed subframe (e.g. subframe #2,) the UL retransmission of legacy UE would collide with the flexible subframe since the legacy UE follows the UL synchronous HARQ timing (e.g. 11ms), but this flexible subframe may not support the UL retransmission since it can be configured as DL subframe due to TDD reconfiguration in Rel-12.
If UL-DL reconfiguration is applied, three methods can be considered to solve this issue:

1) Method 1: HARQ suspension
If this collision is occurred for UL retransmission, the UL HARQ retransmission process can be suspended by “HARQ-ACK” on the PHICH, and this HARQ process can be retriggered when it finds an available UL subframe for retransmission according to the Rel-8 HARQ timing. 

However, the legacy UEs will suffer long latency by this method. For TDD configuration 0, if there is only one fixed UL subframe and all the flexible subframes are configured as DL subframes, the delay between UL initial transmission and retransmission is 70ms. In another case, if there are two fixed UL subframes, e.g. subframe#2 and #7, the delay between UL initial transmission and retransmission is 35ms. For TDD configuration 6, if there is only one fixed UL subframe, the delay between UL initial transmission and retransmission is 60ms.
2) Method 2: Fixed UL subframes based on UL HARQ timing

Only one HARQ process is kept for legacy UEs and the corresponding UL subframes related to the time line of this HARQ process is treated as fixed subframes i.e. these UL subframes cannot be changed to DL subframes for Rel-12 UEs. According to UL HARQ timing, fixed UL subframe is different in different radio frame. As an example shown in figure 6, the red UL subframes should be fixed and cannot be changed to DL subframes.
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Figure 1. Fixed UL subframes (TDD configuration 0)
With this method, the latency for legacy UEs can be maintained, but it is difficult to find available UL subframes for the periodic UL control channels and signal with 10 ms period (e.g. SRS, CSI, SR request) since the interval between UL subframes is not 10ms.
3) Method 3: UL-DL configuration other than UL-DL configuration #0 and #6 is configured for legacy UEs
According to Rel-8 HARQ timing, the RTTs of most UL-DL configurations are equal to 10ms, except UL-DL configuration #0, #6. The UL retransmission issue for legacy UEs does not exist with UL-DL configuration #1, #2, #3, #4, #5 since the retransmission with 10 ms RTT always occurs on the fixed subframes when the legacy UEs are scheduled on fixed subframes only. 

Given that the latency for legacy UEs may not be guaranteed with method 1 and the restrictions in method 2, we can consider configuring above UL-DL configuration #1, #2, #3, #4, #5 to avoid the UL retransmission problems for legacy UEs.
2.2 RRM, RLM and CSI measurement issue 
The legacy UEs’ RRM, RLM and CSI measurement will be unreliable, if legacy UEs assume and measure CRS on these flexible subframes when the DL subframes are changed to UL subframes. For example, the legacy UE will have measurement issue when the subframe #4 of UL-DL configuration 1 is configured as UL subframe.
This issue can be solved as following, 
1) Method 1: The flexible subframe(s) are configured as MBSFN subframes for legacy UEs
For legacy UEs, these flexible subframes can be configured as MBSFN subframe when the flexible subframes are used for UL transmission. The first one or two OFDM symbols can be used as DL control region, and the rest symbols can be flexibly configured as DL or UL transmission with GP. 


[image: image2.emf]F D G

0 1 2 3 4 5 6 7 8 9


Figure 2. subframe #4, #9 are configured as MBSFN subframe for legacy UE 

One drawback for this method is that UL transmission cannot fully utilize the whole subframe. DL control region needs to be reserved in the first symbols though reserving one OFDM symbol should be enough considering no DL PDCCH will be transmitted. Additional DL/UL switch time needs to be reserved when the subframe is configured for UL transmission. In order to reduce the impact from this drawback, the UL-DL configuration with less DL subframes can be configured for legacy UEs.  
2) Method 2: Restricted measurement

For Rel-10 or beyond UEs, the DL measurement issues can be solved by configuring restricted measurement, only the DL subframe on the fixed subframe can be used for measurement, e.g. only subframe 0, 1 are used for RRM, RLM and CSI measurement.
However, this restricted measurement mechanism is not applicable for Rel-8, 9 UEs. 
2.3 The mechanism for backward supporting for legacy UEs
From the above discussion, we can see that the TDD configuration 0/6 is not preferred to be configured for legacy UEs due to the UL retransmission issues. 
If we take the possible solutions into account, we can find that TDD configuration 1 is more preferred to be configured for legacy UEs since UL-DL configuration 1 has least DL subframes among the UL-DL configurations #1, #2, #3, #4, #5. Therefore configuration1 can reduce the performance loss due MBSFN subframe configuration on the flexible subframes, and this configuration also can avoid the UL retransmission issues when the legacy UE is scheduled on the fixed subframe only. 
Proposal 1: TDD configuration 1 can be configured for legacy UEs.
Proposal 2: MBSFN subframe can be configured on the DL subframe for legacy UEs to solve RRM, RLM and CSI measurement issue when the subframe is configured as UL subframe for Rel-12 UE.

3 Conclusion

In this contribution, we discuss some possible issues for legacy UE operation in TDD eIMTA, and we also give the following proposals to maintain the backward compatibility and performance for UL-DL reconfiguration,

Proposal 1: TDD configuration 1 can be configured for legacy UEs.

Proposal 2: MBSFN subframe can be configured on the DL subframe for legacy UEs to solve RRM, RLM and CSI measurement issue when the subframe is configured as UL subframe for Rel-12 UE.
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