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1 Introduction

At the RAN#58 plenary meeting, the work item “Further Enhancements to LTE TDD for DL-UL Interference Management and Traffic Adaptation” was approved [1]. The performance of legacy UE and backward compatibility is one of the key study topic described as follows, 
	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;


In this contribution, we will provide the performance evaluation for legacy UE and R12 UE in hybrid networking scenario and provide some considerations and proposal.
2 Hybrid networking scenario
According to the previous experience in network deployment (such as 2G and 3G deployment), generally, in the initial deployment the new version UE (e.g. R12 UE) and the old version UE (e.g. R8/9/10/11 UE) are likely to continue to  coexist in the long term. 
From Rel-12 UE’s point of view, fast reconfiguration frequency could achieve more benefit. However, since the new defined reconfiguration signaling can’t be recognized by legacy UE, legacy UE cannot enjoy any performance gain from eIMTA, what’s worse throughput degradation will be observed for legacy UE because of the misunderstanding of TDD configuration. Such serious issue should be considered by 3GPP.
Observation 1: In initial deployment the user experience of legacy UEs are likely degraded because of the eIMTA. 
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Fig. 1: Legacy UE and R12 UE hybrid networking scenario

One solution is to restrict the scheduling time of legacy UE within flexible subframe, such as subframe#0, 1, 2, 5, 6. Obviously, system performance will be impacted for such restriction. 
In the meeting RAN1#72, one promising solution was presented in [2], which is called “Dual-period reconfiguration”. In this solution legacy UEs and Rel-12 UEs will be reconfigured with different time scale. More specifically, the legacy UEs are reconfigured with large time scale using existing signaling (e.g. system information) and Rel-12 UEs are reconfigured with higher frequency via new defined dedicated signaling. Therefore, on the premise of keeping R12 UE to enjoy benefits from faster reconfiguration, this scheme can maintain the performance of legacy UE, even improving the performance. 
In the following section we will provide the performance evaluation based on “Dual-period reconfiguration” solution.
3 Performance evaluation
 In this subsection, we will raise some possible algorithms to reconfigure the legacy UE and provide the results of system evaluation in detail. The simulation parameters are shown in Table 2 and Table 3 in the appendix.

These are three possible algorithms as following,

Table 1: Reconfiguration algorithms for legacy UE
	Algorithms
	Definitions

	Baseline algorithm
	Reconfigure the R12 UE in accordance with the ratio of the UL-DL traffic for all R12 UEs; the TDD UL-DL configuration used by Legacy UE is fixed (e.g. config#1), and the legacy UE only can be scheduled in the subframe where the direction of the subframe signaled in SIB is the same as that in reconfiguration command.

	Algorithm 1
	Maximum number of occurrences of TDD UL-DL configuration during the last reconfiguration period of R12 UE is the selected TDD UL-DL configuration used for legacy UE in next reconfiguration period.

	Algorithm 2
	Before the reconfiguration point of legacy UE, the last TDD UL-DL configuration used by R12 UE is the selected TDD UL-DL configuration used for legacy UE in next reconfiguration period.


Two simulation cases are provided in this contribution, 
· case 1: TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = {1/1};
· case 2: TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = {2/1};
The simulation results in detail are shown in follows,
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Fig. 2: UL and DL UE average packet throughput of all cases (DL/UL = 1:1)
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Fig. 3: UL and DL UE average packet throughput of all cases (DL/UL = 2:1)
According to above figures we can notice that: 
Observation 2:  Large performance gains can be observed for Legacy and R12 UE using the proposed two “Dual-period reconfiguration” algorithms.
More specifically, 
· For Alg.1 and Alg.2, obvious gains of average packet throughput for legacy UE can be observed compared to baseline algorithm, in UL and DL direction, since the increase of available resources for legacy UE.
· For the Alg.1 and Alg.2, obvious gains of average packet throughput for R12 UE can be observed compared to baseline algorithm, in UL and DL direction, since the increase of scheduling priority of R12 UE derived from Transmission ability enhancement for legacy UE.

· Further, obvious gains of cell average packet throughput can be observed compared to baseline algorithm in UL and DL direction.

Observation 3:  Performance gap between Legacy UEs and R12 UEs is decreased obviously with two “Dual-period reconfiguration” algorithms.

Furthermore, the supplementary simulation results can be found in Appendix. 
4 Conclusion

In this contribution, we discuss the performance of legacy UE in hybrid networking scenario. We observed that:
Observation 1: In initial deployment the user experience of legacy UEs are likely degraded because of the eIMTA.
Observation 2:  large performance gains can be observed for Legacy and R12 UE using two “Dual-period reconfiguration” algorithms.
Observation 3:  Performance gap between Legacy UEs and R12 UEs is decreased obviously with two “Dual-period reconfiguration” algorithms.
We conclude the following proposal:
Proposal: we kindly ask RAN1 to consider supporting the reconfiguration for legacy UE in order to enhance, at lease maintain, the performance of legacy UE. 
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6 Appendix
6.1. The parameters table

Table 2: Pico-cell system assumptions for multiple pico cell scenario
	Parameter
	Assumption

	Pico deployment
	single cell with a radius of 40 m

	Pico antenna gain
	5dBi

	Pico antenna pattern
	2D,Omni-directional

	Pico noise figure
	13dB

	UE antenna gain
	0dBi

	UE noise figure
	9dB

	UE power class
	23dBm(200mW)

	Minimum distance between UE and pico
	10m

	Number of UE per pico cell
	10

	Shadowing standard deviation
	3dB for LOS and 4dB for NLOS

	Penetration loss between pico and UE
	w/o

	Pathloss
	PLLOS(R)=103.8+20.9log10(R)

PLNLOS(R)=145.4+37.5log10(R)  for 2GHz, R in km

Prob(R)=0.5-min(0.5,5exp(-0.156/R))+min(0.5,5exp(-R/0.03))


Table 3: Simulation assumptions for multiple pico cells scenario
	Parameters
	Assumptions

	Deployment scenario
	7*3 Macro, 4 picos per Macro

	Macro BS Tx power
	46dBm

	Pico Tx power
	24dBm

	Carrier frequency
	2 GHz

	System bandwidth
	10MHz

	eNB antenna configuration
	1Tx 2Rx

	UE antenna configuration
	1Tx 2Rx

	Reconfiguration time scale 
	10ms for R-12 UE,320ms for legacy UE

	TDD configuration
	Configuration #1 for legacy UE

	Legacy UE Ratio
	0.5

	Traffic model
	· FTP model 1 in 36.814

· Fixed packet size of 0.5M
· Poisson distributed with arrival rate λ

· 10 UEs per pico cell
· Independent traffic modeling for DL and UL per UE

Both low and high load cases shall be covered, value of lamda is selected within the value range

	Reference UL-DL configurations

	· Case1: TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = {1/1}
· Case2: TDD UL-DL configuration 1 with ratio of DL and UL arrival rate = {2/1}

	Packet Drop Time 
	· 8s for 0.5MB 

	Evaluation methodology
	· Joint DL and UL simulation in one simulator
· Independent packet generation for DL and UL
One of the 7 Rel-8 TDD UL-DL configurations is selected when reconfiguration is performed based on the DL and UL buffer sizes

	Scheduler
	PF scheduler

	HARQ and ARQ
	· Ideal HARQ timing, i.e. a retransmission can happen in the first available subframe after 8ms
· Chase Combining with maximum 4 transmissions
· Retransmission by high layer till TB is received correctly


6.2. Supplementary simulation results 
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Fig. 4: UL and DL UE average packet throughput of all cases (DL/UL = 1:1)
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Fig. 5: UL and DL UE average packet throughput of all cases (DL/UL = 2:1)
Table 4: UE average packet throughput (Mbps)
	Simulation 
cases
	DL avg Thr For all UE
	UL avg Thr For all UE
	DL avg Thr For R12 UE
	UL avg Thr For R12 UE
	DL avg Thr For legacy UE
	UL avg Thr For legacy UE

	λUL=0.5

λDL=0.5
	Baseline
	15.78 
	14.12 
	17.87 
	14.27 
	13.80 
	12.24 

	
	Alg.1
	20.84 
	16.12 
	21.83 
	16.82 
	19.00 
	15.38 

	
	Alg.2
	21.54 
	16.58 
	22.20 
	17.18 
	20.15 
	15.98 

	λUL=1.5

λDL=1.5
	Baseline
	11.01 
	10.82 
	12.58 
	10.98 
	9.58 
	8.56 

	
	Alg.1
	13.74 
	12.16 
	14.59 
	12.98 
	12.73 
	11.27 

	
	Alg.2
	13.40 
	11.99 
	14.49 
	12.80 
	12.15 
	11.08 

	λUL=2.5

λDL=2.5
	Baseline
	7.18 
	6.58 
	8.86 
	7.87 
	5.59 
	2.75 

	
	Alg.1
	9.17 
	9.28 
	9.43 
	9.33 
	8.90 
	9.22 

	
	Alg.2
	8.61 
	9.00 
	9.63 
	9.51 
	7.47 
	8.48 

	λUL=0.25

λDL=0.5
	Baseline
	15.70 
	14.64 
	18.07 
	14.70 
	13.42 
	12.64 

	
	Alg.1
	20.88 
	16.59 
	21.67 
	17.00 
	19.48 
	16.09 

	
	Alg.2
	21.78 
	16.83 
	22.38 
	16.88 
	20.71 
	16.78 

	λUL=0.75

λDL=1.5
	Baseline
	11.19 
	10.88 
	12.57 
	11.59 
	9.96 
	6.55 

	
	Alg.1
	16.07 
	13.99 
	16.81 
	15.02 
	15.18 
	12.72 

	
	Alg.2
	15.98 
	13.63 
	16.77 
	14.79 
	15.00 
	12.45 

	λUL=1.25

λDL=2.5
	Baseline
	8.43 
	9.48 
	9.65 
	10.20 
	7.30 
	5.96 

	
	Alg.1
	11.65 
	11.63 
	11.99 
	12.13 
	11.27 
	11.06 

	
	Alg.2
	10.83 
	11.33 
	11.22 
	12.10 
	10.42 
	10.46 


Table 5: UE average packet throughput gain compared to Baseline alg.
	Simulation case
	Cell DL avg Thr For all UE
	Cell UL avg Thr For all UE
	Cell DL avg Thr For R12 UE
	Cell UL avg Thr For R12 UE
	Cell DL avg Thr
	Cell UL avg Thr For legacy UE

	
	
	
	
	
	For legacy UE
	

	λUL=0.5

λDL=0.5
	Alg.1
	32.08%
	14.10%
	22.16%
	17.87%
	37.68%
	25.71%

	
	Alg.2
	36.50%
	17.40%
	24.26%
	20.41%
	46.04%
	30.58%

	λUL=1.5
λDL=1.5
	Alg.1
	24.81%
	12.35%
	15.95%
	18.21%
	32.92%
	31.68%

	
	Alg.2
	21.76%
	10.82%
	15.16%
	16.59%
	26.87%
	29.43%

	λUL=2.5
λDL=2.5
	Alg.1
	27.67%
	41.05%
	6.38%
	18.56%
	59.32%
	235.21%

	
	Alg.2
	19.80%
	36.78%
	8.64%
	20.78%
	33.81%
	208.07%

	λUL=0.25

λDL=0.5
	Alg.1
	33.01%
	13.34%
	19.91%
	15.68%
	45.17%
	27.29%

	
	Alg.2
	38.73%
	14.99%
	23.83%
	14.87%
	54.35%
	32.72%

	λUL=0.75

λDL=1.5
	Alg.1
	43.67%
	28.58%
	33.74%
	29.59%
	52.39%
	94.11%

	
	Alg.2
	42.86%
	25.31%
	33.43%
	27.57%
	50.59%
	90.03%

	λUL=1.25
λDL=2.5
	Alg.1
	38.12%
	22.66%
	24.25%
	18.93%
	54.43%
	85.58%

	
	Alg.2
	28.49%
	19.42%
	16.24%
	18.63%
	42.80%
	75.49%
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