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1 Introduction

The impact of downlink sub-frames in TDD frame structure on neighbour cell measurement (RSRP) was analyzed in [1]. It was argued in [1] that the baseline DL/UL sub-frame configuration in TDD would deteriorate the RSRP measurement performance. It was therefore suggested that RAN4 studies both baseline and typical DL/UL configuration scenarios before setting the corresponding performance requirements. 

This paper provides simulation results for the 4 scenarios listed in [1] to observe the impact of different configurations on IF RSRP measurement performance in TDD. 
2 Configuration Scenarios

The following four configuration scenarios: baseline and typical are simulated [1]. 
Table 1: Summary of baseline and typical configuration scenarios
	Parameters
	Scenario description

	
	DL sub-frames/5 ms half frame
	Measurement BW

	Scenario # 1 (Baseline)
	1
	6 RB

	Scenario # 2 (Baseline)
	1
	50 RB

	Scenario # 3 (Typical)
	2
	6 RB

	Scenario # 4 (Typical)
	2
	50 RB


3 Simulation Assumptions and Modelling
The simulation results are mainly based on the assumptions and parameters used in previous RAN4 studies related to intra-frequency and inter-frequency RSRP in FDD [2]. However, some additional parameters specific to TDD are also considered.
Table 2: Simulation parameters for TDD inter-frequency RSRP performance
	Parameters
	Value
	Comments

	Measurement bandwidth
	6 and 50 RB
	Depends upon the scenario in table 1.

	System bandwidth
	50 RB
	

	DL sub-frames per 5 ms half frame
	1 and 2
	Depends upon the scenario in table 2.

	Minimum RSRP L1 measurement period
	240 ms
	Depends upon the scenario in table 2; it is chosen to ensure desired accuracy.

	Measurement samples (in time) per L1 measurement period:
	Scenario # 1
	15
	1 ms sample per gap

	
	Scenario # 2
	4
	1 ms sample per gap

	
	Scenario # 3
	7x2
	2 x 1 ms samples per gap

	
	Scenario # 4
	2x2
	2 x 1 ms samples per gap

	L3 filtering
	Disabled 
	

	Gap length
	6 ms
	When UE can do IF cell ID detection and IF RSRP measurement

	Gap periodicity
	120 ms
	

	Transmit antenna
	1
	

	Receive antennas
	2
	Both antennas with equal gain and uncorrelated.

	DRX/DTX
	OFF
	

	Propagation conditions
	EPA70
	

	Ioc
	AWGN
	Asynchronous scenario

	Ior/Ioc
	-10 to +3 dB
	To be varied


4 Simulation Results

The results are shown in terms of estimated RSRP distribution compared with ideal inter-frequency RSRP in TDD based on the above mentioned assumptions. The ideal RSRP is the true value that does not include any channel estimation noise but uses the same sampling rate as for the estimated RSRP. 

The inter-frequency RSRP results without any implementation margin are expressed in CDF form for different geometry values (
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). The results for ETU70 are shown in figures 1-4 for the four different configuration scenarios mentioned in table 1. In annex A the intra-frequency RSRP distribution in TDD is also reproduced for comparison purposes.
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Figure 1: TDD inter-frequency RSRP accuracy in ETU70: Baseline scenario#1
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Figure 2: TDD inter-frequency RSRP accuracy in ETU70: Baseline scenario#2
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Figure 3: TDD inter-frequency RSRP accuracy in ETU70: Typical scenario#3
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Figure 4: TDD inter-frequency RSRP accuracy in ETU70: Typical scenario#4

5 Interpretation of Results 
The results and the outcome of the analysis are summarized in table 3. The L1 measurement period in each scenario (#1 to #4) is chosen to obtain adequate number of measurement samples, which in turn would ensure measurement accuracy comparable to that of TDD intra-frequency RSRP. This means regardless of the configuration scenario the measurement accuracy (absolute and relative) requirements would remain unaffected.
The results clearly show that in a more typical scenario (i.e. scenario # 4) the measurement period is significantly reduced and is indeed even comparable to TDD intra-frequency RSRP performance (i.e. 200 ms) [3].

The results in table 3 are provided for 120 ms gap periodicity. A more frequent gap (e.g. with 40 ms periodicity) would scale the L1 measurement period accordingly since it would provide more measurement sampling opportunities per unit time. This is particularly worthwhile in very basic configurations (i.e. scenario #1); 600 ms for 40 ms gap periodicity. On the other hand in more typical configuration (i.e. scenario #4) even if more frequent gaps are scheduled the L1 measurement period need not be scaled below 240 ms as this is already a reasonable performance figure.  
Table 3: Summary of IF RSRP simulation results for 6 ms gap/120 ms
	Parameters
	Inter-frequency RSRP performance results

	
	DL sub-frames/5 ms
	Measurement 

Bandwidth [RB]
	L1 measurement period [ms]
	RSRP accuracy

	Scenario # 1 (Baseline)
	1
	6
	1800
	Note

	Scenario # 2 (Baseline)
	1
	50
	480
	Note

	Scenario # 3 (Typical)
	2
	6
	840
	Note

	Scenario # 4 (Typical)
	2
	50
	240
	Note

	Note: similar to TDD intra-frequency RSRP measurement accuracy


6 Summary
In this paper we have provided IF RSRP measurement performance results in baseline and typical configuration scenarios. In TDD inter-frequency scenario the measurement opportunities are considerably curtailed in very basic DL/UL sub-frame configuration scenario comprising of only 1 full DL sub-frame/5 ms; this leads to considerably longer RSRP L1 measurement period. The performance is significantly improved in terms of reduced L1 measurement period in a more typical scenario comprising of more than 1 DL sub-frame/5ms and larger measurement bandwidth.

7 References

[1] R4-080163, “Impact of Sub-frame Configuration on TDD Inter-Frequency RSRP Measurement Performance”, Ericsson.
[2] R4-071017, “Intra-Frequency RSRP Measurement Accuracy”, Ericsson.
[3] R4-080161, “TDD Intra-Frequency RSRP Measurement Performance”, Ericsson.
Annex A: TDD Intra-Frequency RSRP
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Figure 5: TDD intra-frequency RSRP accuracy in ETU70: L1 period = 200 ms and measurement BW = 6 RB
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