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1 Introduction
In order to support TDD UL-DL reconfiguration, several signaling mechanism candidates such as system information signaling, RRC signaling, MAC control element (CE) signaling and physical layer signaling have been proposed [1]. The proposed mechanisms differ in terms of supported reconfiguration time scales as well as some other aspects. In this contribution we compare these candidates from various aspects and provide our views on the promising signaling mechanisms for TDD UL-DL reconfiguration.

2 Signaling mechanisms for UL-DL reconfiguration
2.1 System Information signaling
This method supports TDD UL-DL reconfiguration by system information (SI) change as supported by the current specification, where the TDD UL-DL configuration is indicated by SIB. Two approaches can be considered. One is the Rel-8 system information change procedure and the other is to reuse the Rel-10 ETWS (Earthquake and Tsunami Warning System) notification procedure, corresponding to 640ms and 320ms reconfiguration time scale, respectively. 
The main advantage of this mechanism is its full backward compatibility, and legacy UEs can also enjoy the benefit of LTE TDD eIMTA if the current SI change procedures are reused. The main drawback of this mechanism is the low system performance compared to faster reconfiguration time scales. Therefore, this mechanism is not preferred.
2.2 RRC signaling
This method supports TDD UL-DL reconfiguration by RRC signaling. Typical time scale intended by this method is on the order of 100~200ms. This method requires one reconfiguration message per RRC connected user which increases the signaling overhead, unless a broadcast or a multicast approach is specified. 
As shown in [2], the traffic adaptation performance with this approach is much better than system information signaling. However, with this approach, throughput of legacy UEs may be degraded since the UL-DL configuration actually used may be different from that signaled by SIB1. 
With this approach, ambiguity exists between eNB and UE on the TDD UL-DL configuration, since the eNB does not know the exact time at which the UE applies the updated TDD UL-DL configuration during reconfiguration according to the current specification. Optimizations can be specified to solve the ambiguity. One optimization is that DL and UL reference UL-DL configuration for HARQ timing determination can be specified. Another optimization is that a timing at which new UL-DL configuration takes effect can be defined, e.g. K subframes after the PDSCH carrying the RRC signaling is transmitted [3].
2.3 MAC signaling
This method supports TDD UL-DL reconfiguration by MAC Control Element (CE) signaling in the MAC header, with reconfiguration time scale on the order of a few tens of ms.
This approach provides better traffic adaptation performance over system information signaling and RRC signaling, as shown in [2]. This approach is also not applicable to legacy UEs, and the corresponding impacts to legacy UEs are the same as the RRC signaling approach. Ambiguity exists between eNB and UE on the TDD UL-DL configuration, since the eNB does not know the exact time at which the UE applies the updated TDD UL-DL configuration during reconfiguration according to the current specification. Although optimizations as in section 2.2 can also be applied to solve the ambiguity, this approach is not preferred as MAC CE signaling does not have its own error recovery procedure and the HARQ-ACK corresponding to the PDSCH containing the MAC CE signaling may be received incorrectly. In addition, in order to improve the signaling reliability with MAC CE, the scheduling of PDSCH from the eNB side has to consider whether a PDSCH transmission carries MAC CE for UL-DL reconfiguration or not and performs different scheduling strategies. 
2.4 Physical layer signaling
This method supports TDD UL-DL reconfiguration by physical layer signaling, with traffic adaptation time scale on the order of one or several radio frames. 
This approach provides the best system performance over the others, as shown in [2]. This approach is also not applicable to legacy UEs, and the corresponding impacts to legacy UEs are the same as the RRC or MAC signaling approach. Such a fast UL-DL reconfiguration up to 10ms time scale may be only applicable in an isolated small cell. In a non-isolated small cell, 10ms reconfiguration time scale may not be practically applicable since interference mitigation schemes requires coordination between cells, especially considering non-ideal backhauls. Although no signaling ambiguity issue exists with this method compared the others, reference UL and DL HARQ timing is still necessary to support such fast UL-DL reconfigurations. In addition, alignment on the timing of UL-DL reconfiguration is also beneficial as discussed in [4].
Several alternatives can be considered to support this reconfiguration time scale, as following.
· Explicit L1 signaling
In this method the UL-DL reconfiguration is indicated by an explicit L1 control signaling. In order to reduce the specification impacts and implementation complexity, reusing the current control channels should be considered as a first priority. Two possibilities exist.
· Indicate UL-DL reconfiguration by DCI format
In this method UL-DL reconfiguration is indicated by DCI formats. Reconfiguration time scale of 10ms can be supported by this method. Current DCI format (e.g. the same DCI size as format 1C) can be reused to indicate the UL-DL configuration such that no additional blind decoding is required. However, a new RNTI is necessary. To improve the detection performance, 4 or 8 CCEs are recommended carry the DCI format for UL-DL reconfiguration, which on the other hand introduces some signaling overhead.
The main disadvantage of this approach is less reliability of PDCCH or EPDCCH since typically 1% BLER is targeted for PDCCH/EPDCCH. Misdetection of the DCI can cause different understandings between eNB and UE on the current TDD UL-DL configuration with the following consequences:
1) UE may miss the DL or UL grant transmitted by the eNB on the flexible subframes, which are DL subframes at eNB side but misunderstood by the UE as UL subframes. Therefore the DL or UL throughput degrades.

2) UE may not perform CSI measurement on the flexible subframes, which are DL subframes at eNB side but misunderstood by the UE as UL subframes.

3) In case a false alarm of UL grant happens, the UE may transmit on a flexible subframe which is actually a DL subframe at the eNB side. This will cause UE-to-UE interference in the cell. 
· Indicate UL-DL reconfiguration by PBCH
In this approach, 3 spare bits in the MIB are utilized to indicate the TDD UL-DL reconfiguration and traffic adaptation time scale of 40ms is supported. In [2], good performance with 40ms UL-DL reconfiguration time scale is shown, where the UL throughput is nearly the same as the 10ms time scale and the maximum DL throughput difference is less than 5%.
This mechanism provides the highest signaling reliability compared to the others, thanks to the highest robustness of PBCH. This approach requires very minimal specification impacts and no additional signaling overhead. If PBCH is miss detected by the UE, then the issues similar to that of explicit signaling by DCI format as discussed above may also occur. However, such error cases are less frequent for the PBCH approach since the PBCH detection reliability is higher.
Some concerns regarding UE power consumption was raised for this approach since a UE has to keep monitoring PBCH. However, given that TDD eIMTA can be enabled on a per UE basis, only the UEs enabled for TDD eIMTA have to do so. In addition, UEs enabled with TDD eIMTA only need to monitor PBCH in non-DRX state. In non-DRX subframes, UEs are expected to have traffics and therefore receive PDCCH/PDSCH. Hence, the additional power consumption caused by decoding for PBCH once in each radio frame is marginal.

· Implicit L1 signaling

In this approach, no explicit signaling is defined to indicate the UL-DL configurations. UE shall perform PDCCH blind decoding in every flexible subframe and derive the transmission direction of a subframe based on the detected UL grants or preconfigured UL transmissions. This approach is beneficial in terms of signaling overhead, compared to the methods with explicit DCI format. However, several issues should be considered. 
1) UE should perform blind decoding for PDCCH on every flexible subframe which increases the power consumption.

2) Given the reliability of PDCCH/EPDCCH, in case the UL or DL grant is miss detected by the UE, different understandings on the current UL-DL configuration may happen at the eNB and UE side which causes the similar problems with the method of explicit signaling by DCI format.

3) Since UEs are not informed about the exact UL-DL configuration, the recognition of the subframe direction relies on the detected UL grant. Thus a false alarm for UL grant may directly cause UE-to-UE interference in the cell.
4) In [2], it is shown that supporting all 7 UL-DL configurations for traffic adaptation is beneficial. With this assumption, UEs cannot know whether subframe #6 is a special subframe or a regular downlink subframe with the implicit L1 signaling solution. This may cause problems on PDSCH and EPDCCH reception as well as CSI measurements in subframe #6.

5) Without the knowledge of the exact UL-DL configuration in the radio frame, it is problematic for UEs to measure CSI in the flexible subframes, since a UE may report a CSI measured on UL subframe[5].
Given the discussions above, the explicit signaling with PBCH is most preferred.
2.5 Summary

The pros and cons of each signaling mechanism as discussed above are summarized as in Table 1.
Table 1: Comparison of signaling mechanisms
	
	SIB signaling
	RRC signaling
	MAC signaling
	Physical layer signaling

	
	
	
	
	Explicit signaling
	Implicit signaling

	
	
	
	
	PBCH
	DCI format
	

	Traffic adaptation performance
	Worst
	Low
	High
	High
	Highest
	Highest

	Impact on
legacy UE
	No
	Low
	High
	High
	Highest
	Highest

	HARQ timing
	No additional HARQ design
	UL and DL reference HARQ timing should be specified

	Ambiguity
	Yes
	No

	Signaling overhead
	Medium
	High
	High
	No
	Medium
	No

	Signaling reliability
	High
	Highest
	Low
	High
	Medium
	Medium

	Spec impact
and complexity
	No
	Medium
	Medium
	Low
	Medium
	Medium

	Probability of

UE-to-UE

interference
	Low
	Low
	Medium
	Low
	Low
	High

	Uncertainty of CSI measurements
	No
	No
	No
	No
	No
	possible

	Additional UE power consumption for PDCCH BD
	No
	No
	No
	No
	No
	Yes


3 Conclusions

In this contribution we discuss the signaling mechanisms for TDD UL-DL reconfigurations. Given the analysis above, we have the following proposal:
Proposal: L1 signaling with PBCH should be supported for TDD UL-DL reconfiguration.
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