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1 Introduction

Evaluations for TDD UL-DL reconfiguration [1] reveal significant performance benefits by allowing TDD UL-DL reconfiguration based on traffic adaptation in small cells, in Rel-12 RAN1 is tasked to enable TDD UL-DL reconfiguration for traffic adaptation in small cells according to “New work item proposal for Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” [2].
In this contribution, we will discuss the following two aspects from [2] and give our proposals.
· Agree on the supported time scale together with the necessary signaling mechanism(s) for TDD UL-DL reconfiguration and specify the necessary (if any) enhancements for TDD UL-DL reconfiguration with the agreed time scale and signaling mechanism(s).

· 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.

2 Signaling mechanisms for TDD UL-DL reconfiguration
The following signaling mechanisms can be considered for TDD UL-DL reconfiguration. 

2.1 System information signaling
It is a straightforward method to reuse the Rel-8 system information updating procedure, and it could be applied for also for legacy UEs. This scheme would have the minimum standard impacts and all UEs in the system can be beneficial from the UL-DL reconfiguration. However, there are some issues which need to be considered:
· The minimum updating period is 640ms, this reconfiguration period may not match the time scale for traffic fluctuation, and may not be able to fully exploit the possible benefit by traffic adaptive UL-DL reconfiguration [1].
· With this method, ambiguity exists between eNB and UE on UL-DL reconfiguration since the eNB cannot ensure when the updated UL-DL configuration will take effect on the UE side.

2.2 Dedicated RRC signaling
For this method, eNB can indicate the TDD UL-DL configuration to the RRC-connected UEs via UE-specific RRC signaling. Compared with system change, this method could avoid frequent change of the system information. Dedicated RRC signaling can achieve UL-DL reconfiguration on a time scale such as two hundreds milliseconds. 
Similar to system information signaling, the ambiguity issue exists between eNB and UE on the TDD UL-DL configuration during reconfiguration period. To avoid such ambiguity, the activation time can be included in the RRC signaling to indicate the exact timing when the UE should apply the updated TDD UL–DL configuration, as shown in Figure 1.
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Figure 1. UL-DL reconfiguration procedure

2.3 MAC signaling
MAC signaling can achieve UL-DL reconfiguration on the time scale of around twenty milliseconds, this method can be seen as dynamic UL-DL reconfiguration signaling. Similar to RRC signaling, the ambiguity issue also exists during TDD UL-DL reconfiguration period. To avoid such ambiguity, the activation time as described in section 2.2 can also be considered to be included in the MAC signaling.

Compared with RRC signaling, the reliability of MAC signaling needs some further consideration since MAC signaling does not have RLC-ARQ mechanism. 
2.4 PHY signaling
PHY signaling can support TDD UL-DL reconfiguration with the fastest 10ms time scale. According to the evaluation in [1], dynamic reconfiguration with 10ms periodicity can achieve the best performance, but some more factors need to be considered:

· Inter-cell interference management may not perform well with 10ms UL-DL reconfiguration with  fast variation of interference.
· If realistic SR (scheduling request) and BSR (buffer status report) reporting mechanism are modeled, the performance difference between semi-static and dynamic UL-DL reconfiguration can be reduced since the ideal information of UL traffic load is used for simulation. 
There are two possible methods to indicate the TDD UL-DL configuration or the transmission direction of a subframe.

· Method 1: the transmission direction of a flexible subframe is determined by the scheduling grant [3]. The UL transmission is applied when the UL grant is detected to schedule the flexible subframe, otherwise, the flexible subframe is used as DL subframe.

For method 1, there are two disadvantages: 

· UE cannot perform CSI measurement in the flexible subframes since it cannot know exactly when the subframes are real for DL transmission. As the CSI on flexible subframes could be quite different from the fixed subframes due to different interference condition, the CSI on such subframes may be overestimated or underestimated.

· UE may misunderstand the TDD configuration when PDCCH is false alarmed or missed, which can lead to intra-cell UL-DL interference.

· Method 2: Explicitly indicated by a common PHY signaling.

The UL-DL reconfiguration can be a cell-specific control singling for all Rel-12 UEs, a common PHY signaling with high reliability can be considered to carrier the reconfiguration information. To improve the reliability, the common PHY signaling can be sent on the predefined subframes to reduce the false alarm.
2.5 Summary
These four signaling mechanisms have different pros and cons. In table 1, it shows the comparison of these four signaling mechanisms
	
	System information
	Dedicated RRC
	MAC
	PHY

	Traffic adaptation capability
	Low
	Low 
	Medium
	High

	Packet throughput gain
	Low
	Medium
	High
	High

	Signaling  Reliability
	High
	High
	Medium
	Low

	Interference mitigation feasibility
	High
	High
	Low
	Low

	Standardization impact
	Low (for SIB1 defined in Rel-8)
High (if new IEs introduced)
	High (include reconfiguration signaling, Backward compatibility, HARQ timing, DL measurement and interference mitigation, etc.)


Table 1. Comparison of signaling mechanisms
From above analysis we can see that the RRC signaling is good at signaling reliability and supporting interference management, and the PHY signaling is good at capability of traffic adaptation and packet throughput gain. We suggest continuing study on either dedicated RRC signaling or PHY signaling by taking more tradeoff analysis with above factors. 

Proposal 1: continuing study on dedicated RRC signaling or PHY signals to support UL-DL reconfiguration.

Observations: some additional standards work needs to be specified for above signaling mechanisms.
· For RRC signaling mechanisms, the activation time can be used to solve the ambiguity between eNB and UE during UL-DL configuration.
· For PHY signaling mechanism, a common PHY signaling with higher reliability can be considered.
3 HARQ timing for TDD UL-DL reconfiguration
In Rel-8 LTE TDD system, HARQ timing is predefined for each TDD UL-DL configuration. In the discussion of following section, the HARQ timing includes both scheduling timing and HARQ-ACK timing. The current HARQ timing may not work when some subframes are flexible between UL and DL or during period of TDD UL-DL configuration. 
Therefore, some considerations of HARQ timing design are discussed in the following sections.
3.1 HARQ Timing for System Information and RRC signaling
For UL-DL reconfiguration with system information signaling or dedicated RRC signaling,

· During the period without UL-DL reconfiguration, the HARQ timing defined in Rel-8 can be used.
· During the period of UL-DL reconfiguration, two different UL-DL configurations are connected together. Therefore a new HARQ timing for reconfiguration period can be considered to avoid unavailable transmission of downlink and uplink. 
· Timing between UL grant and PUSCH
· Timing between PUSCH and PHICH
· Timing for PUSCH retransmission 

· Timing for PDSCH and HARQ-ACK

· Timing for PDSCH retransmission
3.2 HARQ Timing for MAC or PHY signaling

For UL-DL reconfiguration with MAC signaling or PHY signaling, the Rel-8 HARQ timing is not applicable since transmission direction of some subframes is dynamically changed.  The new HARQ timing such as explicit HARQ indication or predefined reference HARQ timing needs be considered. 

In Rel-8/9/10/11 LTE TDD system, synchronous retransmission scheme is adopted for UL HARQ. If the flexible subframe corresponding to the UL retransmission is changed into DL subframe, the UL retransmission cannot be transmitted.
Two methods can be considered to solve this issue for Rel-12 UE:
· Method 1: UL retransmission only occurs on the fixed subframes with synchronous HARQ;
· Method 2: UL asynchronous HARQ can be considered.

3.3 Summary
To solve the HARQ timing issue for UL-DL reconfiguration, the current HARQ timing should be improved as follows,
· For UL-DL reconfiguration with dedicated RRC signaling,

· During the period without UL-DL reconfiguration, the HARQ timing defined in Rel-8 can be used;

· During the period of reconfiguration a new HARQ timing for reconfiguration period can be considered to avoid unavailable downlink and uplink transmission.
· For UL-DL reconfiguration with PHY signaling, UL synchronous retransmission on fixed subframes or UL asynchronous HARQ can be can be considered.

4 Backward compatibility
To maintain the backward compatibility for UL-DL reconfiguration, two issues need to be considered: 
· UL synchronous HARQ collisions
· Reliability of RLM/RRM and CSI measurements 
In this section, we will discuss these two issues and the potential solutions.
4.1 UL synchronous HARQ collisions
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, the UL retransmission of legacy UE would collide with the flexible subframes which will probably occur with 10ms periodicity, since legacy UEs follow the UL synchronous HARQ timing. If UL-DL reconfiguration is applied with consideration of TDD configuration 0 and 6, three methods can be considered to solve this issue:

1) Method 1: HARQ suspension
The HARQ retransmission packet can be suspended by an 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 would suffer long latency by this method. For TDD configuration 0, if there is only one fixed UL subframe, the delay between UL initial transmission and retransmission is 70ms; 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; if there are two fixed UL subframes, e.g. subframe#2 and #7, the delay between UL initial transmission and retransmission is 35ms or 25ms.
In [2], it mentions that the performance of legacy UEs supporting operation in cells with TDD UL-DL reconfiguration based on traffic adaptation shall be considered for the scope of this work item, but the latency for legacy UEs may not be guaranteed with method 1. 

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 for 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 are fixed and cannot be changed to DL subframes.
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Figure 6 Fixed UL subframes (TDD configuration 0)
With this method, the latency for legacy UEs can be kept, but periodicity for some UL transmission such as SRS will be large.

3) Method 3: UL-DL configuration other than UL-DL configuration #0 and #6 is configured for legacy UE

According to Rel-8 HARQ timing, the RTTs of most UL-DL configurations are equals to 10ms, except UL-DL configuration #0,#6. The UL retransmission issue for legacy UE does not exist on UL-DL configuration #1, #2, #3, #4, #5 since the retransmission with 10 ms RTT is always occurred on the fixed subframe when legacy UEs are only scheduled on fixed subframe. 

Therefore, we can consider configuring above UL-DL configuration #1, #2, #3, #4, #5 to cope the UL retransmission issues for legacy UE.

4.2 Reliability of RRM, RLM and CSI measurements
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 UEs 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, 
· For Rel-8/9 UEs, these flexible subframes can be configured as MBSFN subframe. The first one or two OFDM symbols can still be used as DL control region, and the rest symbols can be flexibly configured as DL or UL transmission with GP when applied. 

One drawback for this method is that UL transmission cannot utilize the whole subframe, CRS and DL-to-UL Guard Period need to be reserved to the first two or three OFDM symbols. 
· For Rel-10 or beyond UEs, it can be solved by configuring restricted measurement, e.g. only subframe 0, 1, 5 and 6 are used for RRM, RLM and CSI measurement.
4.3 Summary
From the above discussion, we can seem that the TDD configuration 0/6 is not preferred to be configured for legacy UEs since the UL retransmission issues. TDD configuration 1 can be considered for the configuration indicated to legacy UEs.
Proposal 2: TDD configuration 1 can be configured for legacy UEs.
Proposal 3: For Rel-8/9 UEs, MBSFN subframes can be configured on the DL subframes to solve RRM, RLM and CSI measurement issue for legacy UEs.

5 Conclusion

In this contribution, we discuss potential signaling enhancements and some possible issues for TDD eIMTA. 

To guarantee signaling reliability or packet throughput gain, we propose that 

Proposal 1: Continuing study on dedicated RRC signaling or PHY signals to support UL-DL reconfiguration

Observations: some additional standard work needed be specified for above signaling mechanisms.
· For RRC signaling mechanisms, the activation time can be used to solve the ambiguity between eNB and UE during UL-DL configuration.
· For PHY signaling mechanism, a common PHY signaling with higher reliability can be considered.
We have the following observations for the HARQ timing issue, 
For UL-DL reconfiguration with dedicated RRC signaling,

· During the period without UL-DL reconfiguration, the HARQ timing defined in Rel-8 can be used;

· During the period of reconfiguration a new HARQ timing for reconfiguration period can be considered to avoid interruption of downlink and uplink transmission.
For UL-DL reconfiguration with PHY signaling, UL synchronous retransmission on fixed subframes or UL asynchronous HARQ can be can be considered.

To maintain the backward compatibility for UL-DL reconfiguration, we propose that

Proposal 2: TDD configuration 1 can be configured for legacy UEs.

Proposal 3: For Rel-8/9 UEs, MBSFN subframes can be configured on the DL subframes to solve RRM, RLM and CSI measurement issue for legacy UEs
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