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1. Introduction
In the RAN1 meeting #68bis, an LS [1] was agreed and sent to RAN4. The detailed information was as following:
For the additional carrier types for carrier aggregation enhancement, RAN1 has reached the following agreement:

Agreement (at least for the case of a carrier of the new type being “unsynchronised” (see below for definition in this context) with the associated backward-compatible carrier):

· New carrier type can carry 1 RS port (consisting of the Rel-8 CRS Port 0 REs per PRB and Rel-8 sequence) within 1 subframe with 5ms periodicity

· This RS port is not used for demodulation

· FFS how RSRP measurements would then be handled for the NCT 
· Bandwidth of the RS port is FFS until RAN1#69 between one of:

· full system BW, and

· min(system BW, X) where X is selected from {6, 25}RBs

· configurable between full system BW and min(system BW, X)

Agreement (for unsynchronised cases): Rel-8 PSS/SSS sequences are transmitted.

The definition of synchronised and unsynchronised cases of the new carrier type was agreed in RAN1#67 as follows:

· Synchronized carriers, i.e. where the legacy and additional carriers are synchronized in time and frequency to the extent that no separate synchronization processing is needed in the receiver.

· Unsynchronized carriers (i.e. where the legacy and additional carriers are not synchronized with the same degree of accuracy as for the synchronized carriers).

Note that synchronization is considered from the perspective of the UE receiver. 
RAN1 would like to seek guidance from RAN4 on the following issues:

· From the perspective of time and frequency tracking accuracy, which bandwidth (as listed in the agreement above) is considered as sufficient?

· How should the RRM measurements be handled for the new carrier type?

· If the RRM measurements are performed based on the RS port described above, which bandwidth (as listed in the agreement above) is considered as sufficient?
The action for RAN4 was

ACTION: RAN1 kindly asks RAN4 to investigate and provide guidance on the two aspects listed above and comment on any other related issues that RAN1 should take into account.
In this contribution we will discuss two relevant issues:

· The bandwidth of reduced CRS (RCRS) for both FDD and TDD;
· The potential issues of time domain RCRS for TDD, i.e., the frequency drift at UL-to-DL switching point.
For the first issue, theoretically the synchronization performance would benefit from the full bandwidth RCRS. But in the range of the typical operating SNRs, the performance difference between full bandwidth RCRS based synchronization and partial bandwidth RCRS based one would be marginal. 
On the other hand, one drawback of full bandwidth RCRS is the larger overhead. And another drawback is that full bandwidth RCRS may introduce the serious interference to other cells in some scenarios. For example, the traffic load of neighbor cell is low where approximately only RCRS will be transmitted, while the serving cell is fully loaded. In this case, although the interference level was low from neighbor cell RCRS-s, the performance degradation of UE on the center of serving cell would be significant, because CSI-RS could not undergo the interference caused by RCRS-s from neighbor cells and then high order MCS would be reported. 
Regarding the second one, there might be a significant frequency drift at UL-to-DL switching point due to some implementation for TDD. So we suggest RAN1 to take this issue into account.
2. Evaluation of the demodulation performance with reduced CRS in the frequency domain
The performance of time and frequency tracking from the X-PRB RCRS with 5 ms period is evaluated in [3], the corresponding results is attached in Annex A. At -8dB SNR, the performances of tracking based on different RCRS bandwidths are quite similar. 
And in the following section, we further evaluate the effect of tracking error on demodulation performance. Since RCRS is used for synchronization and RRM for the additional carrier type, the UE-specific RS is used for data demodulation and CSI measurement. So we focus on the evaluation of the demodulation performance using UE-specific RS in this section. 
2.1 Effect of time and frequency tracking error
First we concentrate on the impact of time and frequency tracking error on demodulation. To simplify the investigation, the assumptions for TM9 demodulation test cases defined in TS36.101 are reused here except that RCRS port number is changed from 2 to 1. The test cases are listed in Table 1, the other detailed simulation assumptions are given in TS36.101 and Table 3 in Annex B, and the TB Size are re-calculated in Table 4 in Annex C. Note that we will compare the simulation results using the perfect tracking and those using practical tracking based on X-PRB RCRS. 
Table 1. Test cases for time and frequency tracking
	Test
	Description
	Bandwidth
	Reference channel
	Propagation
	RCRS BW X (PRB)
	Fraction of Max

	1
	Single layer TM9 FDD
	10MHz
	1/3 QPSK
	EVA5 2x2 low
	Perfect,6,15,25,50
	70%

	2
	Single layer TM9 TDD
	10MHz
	1/3 QPSK
	EVA5 2x2 low
	Perfect,6,15,25,50
	70%
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(a) Test 1: Single layer TM9 FDD
(b) Test 2: Single layer TM9 TDD

Figure 1. Link results on the impact of tracking error in demodulation.

The simulation results are provided in Figure 1. It can be observed that the performances with different RCRS bandwidths are aligned quite well for both FDD and TDD even in low SNR region, which would be worse case. Therefore, from the perspective of demodulation performance, there would be no need to configure the full bandwidth RCRS considering the overhead.
2.2 Effect of RCRS interference on performance with high order MCS
In this part, we will investigate the effect of the RCRS interference on the demodulation performance of PDSCH with high order MCS. We take a specific scenario for an example. As shown in Figure 2, the serving cell (dark red) is fully loaded, while there is no user in two neighbour cells. This case may correspond to the scenario late at night. 
In this scenario, RCRS-s will be transmitted from the neighbour cells every 5ms and the rest of subframes are blank on the NCT carrier. If CSI-RS was used for CSI measurement, the quite high order MCS may be reported for the centred UE. Because the performance with high order MCS would be sensitive to the interference, the performance degradation of PDSCH with the high order MCS would be significant on the subframes where RCRS are transmitted from the neighbour cells, although the RCRS interference level was low.
To get a full evaluation of this issue, we have two-step simulations:

· Step 1: Provide the geometry and the interference level observed by the users by system level simulation to determine the interference levels from the RCRS-s of zero loading neighbour cells.
· Step 2: Provide the link level simulation to observe the performance degradation due to the RCRS interference. Note that this is for homogenous network and mainly non-colliding RCRS are evaluated. 
The detailed system simulation assumptions are given in Annex D. Generally, the two strongest interferers of the serving cell UEs are contributed by their nearby neighbour cells. By removing the interferences of the two strongest neighbour cells, we would get the geometries for the scenario with two zero loading neighbour cells as shown in Figure2. 
The purpose of the system simulation is to obtain the signal-to-noise plus interference ratio for the scenario precluding two neighbour cells as shown in Figure 2. The signal received on the data RE-s is denoted by
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where s represent the signal of serving cell, I1 and I2 represent the RCRS interferences from two zero-loading neighbour cells respectively, e.g., on subframe #0 and subframe #5. On other subframes, the two zero-loading neighbour cells transmit nothing. And n represents the combination of the interferences from other neighbour cells plus the thermal noise.

In Figure 3(a), we give the SNR for the serving cell, i.e., 
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where Es is the averaged received energy per RE and Noc is the power spectral density, where it may be reasonable to assume that the combination of signals from other neighbour cells approximates the white noise. 

In Figure 3(b), we plot the distribution of signal-to-interference ratios for two zero-loading neighbour cells on the RE-s overlapping with RCRS RE-s of interfering cells, which are denoted by


[image: image5.wmf]2

1

2

1

I

s

I

s

E

E

SIR

and

E

E

SIR

=

=

,

where EI1 and EI2 stand for the averaged received energy per RCRS RE of two zero-loading neighbour cells respectively. And we sort the SIR1 and SIR2 to make SIR1 < SIR2, which means that the interference level of the first interferer is higher than that of the second interferer.
Then we plot two signal-to-interference ratios (SIR1 and SIR2 corresponding to the strongest and the second strongest interfering cells) for the centred UEs in Figure 3(b), i.e., in the range of Es/Noc from 19dB to 21dB on the blue curve shown in Figure 3(a). It can be observed that most UE-s concentrate along two red curve. One represents the case where SIR1 = SIR2 (44.43%-ile UE-s are within this region), and the other represents the case where the strongest interference level is much higher than that of the second one. 
In order to investigate these situations, two conditional CDF curves for SIR1 are chosen and plotted in Figure 3(c). One of them is conditioned on SIR2 = 20dB approximating the upper red curve and the other is conditioned on SIR2 = SIR1approximate the lower red line. Accordingly, two sets of interference profiles are viewed as the characteristics of the distribution and defined for the link level simulations, which are
· SIR1=15dB and SIR2=20dB, which is the median SIR1 conditioned on SIR2=20dB;

· SIR1=SIR2=5dB, which represents almost 15%-ile users conditioned on SIR1=SIR2.
We neglect the case that the median SIR1 is chosen conditioned on SIR1=SIR2 since the resulted interference levels are quite low.
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Figure 2. Scenario with full load serving cells and zero load neighbour cells; yellow representing zero-loading neighbour cells, green representing the full loading neighbour cells, and dark red for the serving cell
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(a) Geometry of serving cells with zero load neighbor cells
(b) The distributions of ratios of signal to the first and second strongest interferences
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(c) CDF curves of SIR1
Figure 3. System results for interference level evaluation.

The test cases for the evaluation of RCRS interference are listed in Table 2. Assume that only RCRS port 0 and the same RCRS bandwidths are configured by all the cells. The power levels of the interfering cells are determined by SIR1 and SIR2. For serving cell, the similar assumptions for theTM9 test cases defined in TS36.101 are reused and the TB Sizes are calculated in Table 5 in Annex C. In the simulations, both perfect tracking and practical tracking are taken into account. The port0 RCRS of the serving cell will be transmitted on subframe #0 and #5. Note that Cell 1 is serving cell, Cell 2 and Cell 3 are interfering cells.
Table 2. Test cases for evaluation of RCRS interference
	Test
	Description
	Bandwidth
	Reference channel
	Propagation
	RCRS

collision
	RCRS BW X (PRB)

	3
	Cell 1: Single user TM9 FDD with intf

Without Cell 2 and Cell 3 interference
	10MHz
	Cell 1: 

3/4 64QAM
	Cell 1: EPA5 2x2 low
	-
	6, 25,50

	3a
	Cell 1: Single user TM9 FDD with intf

Cell 2: RCRS only on subframe #0 and #5, SIR1=15dB

Cell 3: RCRS only on subframe #0 and #5, SIR2=20dB
	10MHz
	Cell 1: 

3/4 64QAM
	Cell 1: EPA5 2x2 low

Cell 2: EPA5 1x2 low

Cell 3: EPA5 1x2 low
	No
	6, 25,50

	3b
	Cell 1: Single user TM9 FDD with intf

Cell 2: RCRS only on subframe #0 and #5, SIR1=5dB

Cell 3: RCRS only on subframe #0 and #5, SIR2=5dB
	10MHz
	Cell 1: 

3/4 64QAM
	Cell 1: EPA5 2x2 low

Cell 2: EPA5 1x2 low

Cell 3: EPA5 1x2 low
	No
	6, 25,50

	3c
	Cell 1: Single user TM9 FDD with intf

Cell 2: RCRS only on subframe #1 and #6, SIR1=5dB

Cell 3: RCRS only on subframe #1 and #6, SIR2=5dB
	10MHz
	Cell 1: 

3/4 64QAM
	Cell 1: EPA5 2x2 low

Cell 2: EPA5 1x2 low

Cell 3: EPA5 1x2 low
	No
	6, 25,50
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(a) Without interfering cells 

(b) SIR1=15dB and SIR2=20dB with non-colliding RCRS
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(c) SIR1=5dB and SIR2=5dB with non-colliding RCRS of both serving cell and interfering cells are transmitted in subframe 0 and 5
(d) SIR1=5dB and SIR2=5dB with non-colliding RCRS of serving cell in subframe 0 and 5 while that of interfering cells in subframe 1 and 6
Figure 4. Link results for evaluation of RCRS interference.
Based on the link level simulation results shown in Figure 4, we have the following observations:
· For all the evaluated cases, the impact of the time and frequency tracking error in demodulation is negligible compared to the cases with the perfect tracking.
· When there is no interference, the performances for full bandwidth RCRS, 25-PRB RCRS and 6-PRB RCRS are similar.

· When the interference levels from the zero-loading neighbour cells are high, the performance of high order MCS with full bandwidth RCRS configuration will significantly degrade, although the RCRS are sparsely transmitted by the interfering cells.
· If the RCRS-s of the serving cell and interfering cells are both transmitted on subframe #0 and #5, the performance losses for full bandwidth RCRS is about 1.5dB and 0.7dB at 20-22dB SNR compared to the cases with 6-PRB and 25-PRB RCRS, respectively.
· If the RCRS-s of the serving cell are transmitted on subframe #0 and #5 and those of the interfering cells are transmitted on subframe #1 and #6, the performance loss for full bandwidth RCRS is about 3dB and 2dB at 20-22dB SNR compared to the cases with 6-PRB and 25-PRB RCRS, respectively. 
· When the interference levels from the zero-loading neighbour cells are low, the performance of high order MCS with full bandwidth RCRS configuration is still noticeable as shown in Figure 4(b).
2.3 Summary
According to the above discussion, we can make the following conclusions: 
· Although the full RCRS bandwidth may bring more accurately time and frequency tracking, the performance differences between reduced RCRS bandwidth configuration and full RCRS bandwidth configuration are marginal even in the low SNR region when all the neighbour cells are full loaded.
· The larger RCRS bandwidth may result in the significant performance degradation for high order MCS transmission when some of the neighbour cells are not full loaded.
· The larger RCRS bandwidth would result in more overhead.

3. Potential Issues of time domain reduced CRS for TDD
For TDD, there are further issues to consider. 

A first issue is that, with a bursty arrival process for the data packets, the data buffer in the eNodeB will accumulate packets that arrive during the UL subframes. The probability that there is a packet to transmit and that a DL transmission will be commenced is thus larger for a DL subframe following an UL subframe, than for a DL subframe following a DL subframe. For best performance, the RCRS should preferably be located in the subframes which have the highest expected utilization.   
A second issue is that the PLL used in the frequency up-conversion may be shut down during the UL subframes for some UE implementations, which may lead to a relatively large frequency drift across the UL-to-DL switching point. In other words, the frequency drift from an UL subframe to a DL subframe may be larger than that from a DL subframe to a DL subframe. The performance of the PLL may be dependent on the frequency tracking and therefore the location of the RCRS. From the perspective of the time and frequency tracking, it might be better to configure RCRS on the DL subframes right after the UL-to-DL switch point. 
This issue needs further study. However, in Figure 5, we provide some test data to show the potential problem. Here we use UL/DL configuration 5 and configure subframe #3, #4, #7, #8 and #9 as MBSFN subframes. We link the test equipment directly to the UE without passing the fading channel and plot the real part of the frequency channel responses, i.e., the LS estimates of the first column MBSFN RS assuming 10 MHz bandwidth, for three adjacent MBSFN subframes. As shown in Figure 5, the curve is divided into three parts corresponding to the subframe D1, D2 and D3. Because there is a remaining timing error or delay (τ) in the test, the channel response of the n-th subcarrier is denoted by
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where Δf =30 kHz is the carrier spacing between the reference signals. In Fig. 2 we plot real(Hn) and as we can see, the phase jump from D2 to D3 across one UL subframe is larger than the phase jump from D1 to D2. The bigger phase jump would be caused by the frequency drift (fd), which is due to oscillator inaccuracies and/or UE mobility, as follows
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Figure 5. Test data showing the real part of the frequency response as function of subcarrier index for subframe D1, D2 and D3, for TDD UL/DL configuration 5.
Therefore, there would be some potential issues for TDD at UL-to-DL switching point due to some implementation. It might be better to put the RCRS at UL-to-DL switch points. We suggest making further study.
4. Conclusions
For frequency domain reduced CRS, the conclusions on the impacts of the reduced CRS bandwidth for the additional carrier types are 
· Although the full RCRS bandwidth may bring more accurately time and frequency tracking, the performance differences between reduced RCRS bandwidth configuration and full RCRS bandwidth configuration are marginal even in the low SNR region when all the neighbour cells are full loaded.

· The larger RCRS bandwidth may result in the significant performance degradation for high order MCS transmission when some of the neighbour cells are not full loaded.

· The larger RCRS bandwidth would result in more overhead.
Regarding the issues raised in LS [1], for unsynchronized carriers, RCRS would be needed but full bandwidth RCRS would be unnecessary from the perspective of time and frequency tracking accuracy.

Therefore, we propose that

Proposal 1: From the perspective of time and frequency tracking accuracy, the RS port bandwidth of min(system BW, X RBs) is sufficient, where X=6.
For time domain reduced CRS, there would be some potential issues for TDD at UL-to-DL switching point due to some implementation. It might be better to put the RCRS at UL-to-DL switch points. We suggest RAN1 to take this issue into account.
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Annex A
The results for time- and frequency tracking from the X-PRB RCRS with 5 ms period are shown in Figure 5, for an EVA channel at 100 km/h and SNR=-8 dB. The simulation cases are selected as:

Case 1: 1.4 MHz, 6 RB RCRS

Case 2: 10 MHz, 6 RB RCRS

Case 3: 10 MHz, 15 RB RCRS

Case 4: 10 MHz, 25 RB RCRS

Case 5: 10 MHz, 50 RB RCRS
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(a) Frequency error
(b) Timing error
Figure 5. Tracking error for different bandwidths of the RCRS at -8 dB SNR for the EVA channel at 100 km/h.
Annex B (Part of RAN1 assumptions for evaluation)
Table 3. Simulation parameters.
	Parameter
	Value

	Channel bandwidth
	10 MHz 

	Carrier frequency
	2 GHz

	Initial frequency uncertainty
	Uniformly distributed in [- 500, +500] Hz

	Initial time uncertainty window
	Uniformly distributed in [-1.175, 1.175] μs

	Time/frequency estimation algorithm
	Time tracking:

Time-domain detection of first arrival path

Feedback loop with exponential filter

Frequency tracking:

Frequency-domain correlation based estimation

Feedback loop with exponential filter

	Total number of subframes measured (including the subframes where no RCRS/CSI-RS is transmitted)
	Averaging period 10 subframes

Measurement period 10000 subframes

	Periodicity for RCRS (if used)
	5 ms 

	Number of antenna ports for RCRS
	1

	PSS/SSS
	Transmitted as in Rel-8/9/10


Annex C
Table 4. TB size for QPSK 1/3 with 6, 15, 25 and 50 PRB
	Reference channel
	
	No port0
	6PRB port0
	15PRB port0
	25PRB port0
	50PRB port0

	Channel bandwidth
	MHz
	10
	10
	10
	10
	10

	Allocated resource blocks
	
	50 3
	50 3
	50 3
	50 3
	50 3

	Allocated subframes per Radio Frame 
	
	10
	10
	10
	10
	10

	Modulation
	
	QPSK
	QPSK
	QPSK
	QPSK
	QPSK

	Target Coding Rate
	
	1/3
	1/3
	1/3
	1/3
	1/3

	Information Bit Payload
	
	
	
	
	
	

	  For Sub-Frames     (Normal subframe)
	Bits
	4392
	4392
	4392
	4392
	4392

	  For Sub-Frames    (CSI-RS subframe)
	Bits
	4392
	4392
	4392
	4392
	4392

	For Sub-Frames    (ZeroPowerCSI-RS subframe)
	Bits
	4392
	4392
	4392
	4392
	4392

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	3624
	3624
	3624
	3624
	3624

	Number of Code Blocks per Sub-Frame (Note 4)
	
	
	
	
	
	

	  For Sub-Frames     (Normal subframe)
	
	1
	1
	1
	1
	1

	  For Sub-Frames    (CSI-RS/ ZeroPower CSI-RS subframe)
	
	1
	1
	1
	1
	1

	  For Sub-Frame 5
	
	1
	1
	1
	1
	1

	  For Sub-Frame 0
	
	1
	1
	1
	1
	1

	Binary Channel Bits Per Sub-Frame
	
	
	
	
	
	

	  For Sub-Frames  (Normal subframe)
	Bits
	13200
	13200
	13200
	13200
	13200

	  For Sub-Frames    (CSI-RS subframe)
	Bits
	12800
	12800
	12800
	12800
	12800

	  For Sub-Frames    (ZeroPowerCSI-RS subframe)
	Bits
	12800
	12800
	12800
	12800
	12800

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	10824
	10824
	10752
	10632
	10332

	Max. Throughput averaged over 1 frame
	Mbps
	
	
	
	
	

	UE Category
	
	
	
	
	
	

	Note 1:
2 symbols allocated to PDCCH for 10 MHz channel BW. 
Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4]

Note 3:     For R.31-1 and R.34-1, 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0. 
Note 4:   If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit).


Table 5. TB size for 64QAM 3/4 with 6, 25 and 50 PRB
	Reference channel
	
	6PRB port0
	25PRB port0
	50PRB port0

	Channel bandwidth
	MHz
	10
	10
	10

	Allocated resource blocks
	
	50 3
	50 3
	50 3

	Allocated subframes per Radio Frame 
	
	10
	10
	10

	Modulation
	
	64QAM
	64QAM
	64QAM

	Target Coding Rate
	
	3/4
	3/4
	3/4

	Information Bit Payload
	
	
	
	

	  For Sub-Frames     (Normal subframe)
	Bits
	30576
	30576
	30576

	  For Sub-Frames    (CSI-RS subframe)
	Bits
	28336
	28336
	28336

	For Sub-Frames    (ZeroPowerCSI-RS subframe)
	Bits
	28336
	28336
	28336

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	23688
	23688
	23688

	Number of Code Blocks per Sub-Frame (Note 4)
	
	
	
	

	  For Sub-Frames     (Normal subframe)
	
	1
	1
	1

	  For Sub-Frames    (CSI-RS/ ZeroPower CSI-RS subframe)
	
	1
	1
	1

	  For Sub-Frame 5
	
	1
	1
	1

	  For Sub-Frame 0
	
	1
	1
	1

	Binary Channel Bits Per Sub-Frame
	
	
	
	

	  For Sub-Frames  (Normal subframe)
	Bits
	39600
	39600
	39600

	  For Sub-Frames    (CSI-RS subframe)
	Bits
	38400
	38400
	38400

	  For Sub-Frames    (ZeroPowerCSI-RS subframe)
	Bits
	38400
	38400
	38400

	  For Sub-Frame 5
	Bits
	N/A
	N/A
	N/A

	  For Sub-Frame 0
	Bits
	32472
	31896
	30996

	Max. Throughput averaged over 1 frame
	Mbps
	
	
	

	UE Category
	
	
	
	

	Note 1:
2 symbols allocated to PDCCH for 10 MHz channel BW. 
Note 2:
Reference signal, synchronization signals and PBCH allocated as per TS 36.211 [4]

Note 3:    For R.31-1 and R.34-1, 50 resource blocks are allocated in sub-frames 1, 2, 3, 4, 6, 7, 8, 9 and 41 resource blocks (RB0–RB20 and RB30–RB49) are allocated in sub-frame 0. 
Note 4:    If more than one Code Block is present, an additional CRC sequence of L = 24 Bits is attached to each Code Block (otherwise L = 0 Bit). 


Annex D
Table 4 lists the assumptions for system level simulation.
Table 6. System simulation assumptions
	Parameter
	Values

	Scenario
	3GPP Case 1

	Bandwidth
	10 MHz

	Carrier frequency
	2000 MHz

	Cellular Layout
	Hexagonal grid, 19 cell sites, 3 sectors per site

	Inter-site
	500 m

	Total BS TX power (Ptotal)
	46 dBm

	Minimum distance between UE and Cell
	>= 35 meters

	Number of UEs per sector
	10

	Hard handover hysteresis
	3 dB

	Distance-dependent path loss
	L = 128.1 + 37.6log10(R), R: km

	Shadowing standard deviation
	8 dB

	Shadowing correlation
	Between cells
	0.5

	
	Between sectors
	1.0

	Penetration loss
	20 dB

	Antenna pattern
	Horizontal
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Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5m.
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	Combining method in 3D antenna pattern
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	Simulation drops
	100 drops 
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