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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 aspect from [2] and give our evaluation and proposals for signaling mechanism.
· 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).

2 Signaling mechanisms for TDD UL-DL reconfiguration
In this section, we discuss following signaling mechanisms that can be considered for TDD UL-DL reconfiguration. We also give summarization and evaluation in appendix A for these schemes.
2.1 System information signaling
It is a straightforward method to reuse the Rel-8 system information updating procedure, and it could be applied 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, the minimum updating period via system information signaling is 640ms, this reconfiguration period may not match the time scale for traffic fluctuation, and cannot fully exploit the possible benefit by traffic adaptive UL-DL reconfiguration as shown in appendix A.

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 information 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. 

With dedicated RRC 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.

2.4 PBCH signaling

PBCH signaling (i.e. reusing 3 reserved bits in MIB) [5] can support TDD UL-DL reconfiguration with 40ms time scale. According to the results in appendix A, dynamic reconfiguration with 40ms periodicity can achieve similar performance as that with 10ms periodicity.

With this method, even if there is no scheduling, UEs still need to monitor PBCH in every 40ms, this will bring power wasting for the UEs. Therefore, if PBCH signaling is adopted, UE power consumption issue may need further consideration.

2.5 PHY signaling
PHY signaling can support TDD UL-DL reconfiguration with the fastest time scale of 10ms. According to the results in appendix A, dynamic reconfiguration with 10ms periodicity can achieve the best performance. However, some realistic 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 in the simulation. 
To guarantee the signaling reliability [3, 4], a common PHY signaling can be considered to indicate the TDD UL-DL configuration or the transmission direction of a subframe. The common PHY signaling can be carried on a PDCCH in common search space (like DCI format 1C), or carried on PHICH-like or PCFICH-like channel. 
2.6 Summary
These five signaling mechanisms have different pros and cons as shown in table 1.
	
	System information
	Dedicated RRC
	MAC
	PBCH
	PHY

	Traffic adaptation capability
	Low
	Medium
	High
	High
	High

	Packet throughput gain
	Low
	Medium
	High
	High
	High

	Signaling  reliability
	High
	High
	Medium
	High
	Low

	Interference mitigation feasibility
	High
	High
	Medium
	Medium
	Low

	UE power consumption
	Low
	Low
	Low
	High
	Low

	Standardization impact
	Low (for SIB1 defined in Rel-8)
	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 and PBCH signaling are good at capability of traffic adaptation and packet throughput gain. 
We suggest selecting one signaling mechanism out of the following three mechanisms for further design, considering a tradeoff analysis of the above factors. 
· dedicated RRC signaling
· PHY signaling
· PBCH signaling,
3 Conclusion

In this contribution, we discuss and compare potential signaling mechanisms for TDD eIMTA. Taking more tradeoff analysis with packet throughput gain, signaling reliability, interference mitigation feasibility, UE power consumption and standardization impact, we propose that:
Proposal: Select one signaling mechanism out of the following three mechanisms for further design:
· dedicated RRC signaling
· PHY signaling
· PBCH signaling,
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Appendix A. Simulation results
In this simulation, DL-UL reconfiguration is evaluated with comparison to various reference TDD configurations with fixed UL: DL ratios. The reference TDD configurations studied are configuration 1 (2UL:3DL) and configuration 2 (1UL:4DL). The simulation assumption is shown in [6].
Table 1. DL Packet throughput and used DL subframes (λDL=0.5, λUL=0.25)
	
	Without reconfiguration
	Reconfiguration without interference management

	
	Config1
	Config2
	10ms
	40ms
	200ms
	640ms

	Avg. (Mbps)
	31.1084
	41.6199
	42.8683
	40.0476
	35.0771
	32.8041

	5% (Mbps)
	19.5122
	30.0752
	21.9780
	20.8333
	19.6078
	16.4609

	50% (Mbps)
	32.2581
	43.0108
	44.9438
	42.1053
	35.7143
	33.6135

	95% (Mbps)
	36.0360
	48.1928
	51.9481
	50
	47.0588
	44.9438


Table 2. UL Packet throughput and used UL subframes (λDL=0.5, λUL=0.25)

	
	Without reconfiguration
	Reconfiguration without interference management

	
	Config1
	Config2
	10ms
	40ms
	200ms
	640ms

	Avg. (Mbps)
	14.4104
	7.1634
	18.6086
	17.9661
	15.7262
	13.3873

	5% (Mbps)
	12.1581
	4.2373
	10.3627
	9.0496
	9.0090
	6.6007

	50% (Mbps)
	14.8148
	7.5472
	20.3046
	19.4175
	16.129
	13.9373

	95% (Mbps)
	14.9254
	7.5901
	20.8333
	20.6186
	20.202
	20.8333


Table 3. DL Packet throughput and used DL subframes (λDL=1, λUL=0.5)

	
	Without reconfiguration
	Reconfiguration without interference management

	
	Config1
	Config2
	10ms
	40ms
	200ms
	640ms

	Avg. (Mbps)
	29.2846
	39.6511
	39.4534
	37.8675
	32.3481
	30.4110

	5% (Mbps)
	14.6520
	20.1005
	15.0376
	15.5438
	15.5039
	12.9450

	50% (Mbps)
	30.7692
	41.6667
	43.0108
	40.4040
	33.6135
	32.0000

	95% (Mbps)
	36.3636
	48.7805
	51.9481
	49.3827
	46.5116
	45.4546


Table 4. UL Packet throughput and used UL subframes (λDL=1, λUL=0.5)

	
	Without reconfiguration
	Reconfiguration without interference management

	
	Config1
	Config2
	10ms
	40ms
	200ms
	640ms

	Avg. (Mbps)
	14.1241
	6.8167
	16.7068
	16.2229
	14.8166
	12.4556

	5% (Mbps)
	9.5012
	3.8241
	6.483
	6.022
	7.1429
	5.305

	50% (Mbps)
	14.7602
	7.533
	19.6078
	18.7793
	15.6863
	12.1951

	95% (Mbps)
	14.9254
	7.5901
	20.7254
	20.7254
	20.3046
	21.5054


Table 5. DL Packet throughput and used DL subframes (λDL=2, λUL=1)

	
	Without reconfiguration
	Reconfiguration without interference management

	
	Config1
	Config2
	10ms
	40ms
	200ms
	640ms

	Avg. (Mbps)
	24.2077
	34.7122
	33.1184
	32.2193
	26.7504
	25.0185

	5% (Mbps)
	8.4034
	13.8408
	10.1010
	10.3314
	9.5012
	7.7973

	50% (Mbps)
	26.6667
	37.0370
	36.0360
	34.4827
	25.6410
	22.9885

	95% (Mbps)
	36.0360
	48.7805
	51.9481
	49.3827
	44.9438
	46.5116


Table 6. UL Packet throughput and used UL subframes (λDL=2, λUL=1)

	
	Without reconfiguration
	Reconfiguration without interference management

	
	Config1
	Config2
	10ms
	40ms
	200ms
	640ms

	Avg. (Mbps)
	13.5084
	6.0978
	15.2007
	14.9427
	13.5613
	12.0290

	5% (Mbps)
	8.3507
	2.8011
	3.7843
	3.8827
	3.6798
	3.2336

	50% (Mbps)
	14.7602
	7.0922
	18.0996
	16.7364
	14.7059
	12.5000

	95% (Mbps)
	14.9254
	7.5901
	20.8333
	20.6186
	21.0526
	21.6216
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