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1. Introduction
Beam-forming with UE-specific reference signal operation has been supported in LTE to increase cell throughput, mitigate inter-cell interference and increase coverage, not only for TDD but also FDD operation. In the current stage specification, if beam-forming is used for PDSCH transmission, UE-specific reference signals (DRS) will be used to demodulate beam-formed PDSCH, but Cell-specific reference signals (CRS) are always there. These will lead to some performance loss: 
· CRS overhead will cause fewer available REs for data transmission, these will lead to throughput loss;

· CRS occupied transmit power will cause less assignable power for data REs, these will lead to demodulation loss especially when the system is not fully loaded;

· Additional interference from CRS to neighbor cells, especially when the CRS is not used to demodulate the PDSCH in local cell.
It is observed that beam-forming and MIMO operation may be used for different deployment scenarios. Beam-forming is more suitable to high correlation channel scenarios such suburban, urban cells, and MIMO is more suitable to low correlation channel scenarios such as urban, indoors cells. Further beam-forming and MIMO deployment is related with the antenna configuration at eNodeB. When the antenna configuration at eNodeB is decided, it easy to say one cell is beam-forming preferred or MIMO preferred. In the beam-forming preferred cell, most PDSCH transmission will use beam-forming, the performance loss observed above will be more obvious. So it is proposed to add one option to allow CRS reduction at least for beam-forming preferred cell, i.e. there are two CRS operation modes:

· Full CRS operation mode: this mode is used for MIMO preferred cell and no CRS reduction is used
· Part CRS operation mode: this mode is used for beam-forming preferred cell and part of CRS will be reduced.

It is also noted that CRS is not only used to demodulate PDSCH, but also used to do:
· Demodulation for PBCH, PDCCH, DBCH, PCH, etc;

· CQI estimation;

· RSRP measurement

So when designing Part CRS operation mode, above usage of CRS should be guaranteed. 

In this contribution, the performance loss of beam-formed PDSCH due to CRS overhead is investigated, and one possible solution for Part CRS operation mode is provided.
2. Discussion
2.1. Beam-formed PDSCH Performance Losses due to CRS Overhead
This section evaluates the losses of PDSCH for BF caused by CRS. Supposing only 
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 PRB pairs used for beam-formed PDSCH in a 10MHz system, where 
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 is the total transmit power, and PDCCH uses the first three OFDM symbols in a sub-frame.

Considering the CRS is not only used to demodulate PDSCH, but also used to do something mentioned in section 1. In these simulations and analyses, the CRS in the center 6PRBs (=1.4MHz) and in the PDCCH region are kept. Based on these assumptions, we compare two cases: 

· Full CRS operation mode: CRS with one or two antenna ports is coexisted with DRS

· Part CRS operation mode: No CRS in PDSCH, except for the center 6 PRBs and PDCCH region 
2.1.1 RE overhead

The number of RE for data transmission would effect the peak throughput straightly, as shown in Table 1. Obviously, the Part CRS operation mode could get at least 5.26% throughput gain at high SNRs.
Table.  1 Available REs for data transmission
	# of CRS ports
	Full CRS operation mode
	Part CRS operation mode
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	1
	114N
	120N
	5.26%

	2
	108N
	120N
	11.11%


2.1.2 Power overhead
For the Full CRS operation mode, CRS is always present in the whole frequency band, no matter whether has data transmission. So when only few users exist in the cell and most of frequency resource is idle, the power that can be distributed to the active users would be weaken, and this would become worse if CRS has been power boosting.
The power of data REs affects the detection performance, especially at low SNRs. Table 2 shows the power of data REs in the 4th , 7th and 10th OFDM symbols (i.e. the symbols which convey the CRSs in Full CRS operation mode ) in one sub-frame. If the number of active users in the cell is very small, the Part CRS operation mode can bring great detection gain by the power boosting of data REs. 

Table.  2 Power boosting for data REs
	# of CRS ports
	CRS without boosting
	CRS with 3dB boosting

	
	Power of data RE

(Full CRS)
	Power of data RE

 (Part CRS)
	Power boosting of data RE (%)
	Power of data RE

(Full CRS)
	Power of data RE

 (Part CRS)
	Power boosting of data (%)

	1
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	2
	
[image: image11.wmf](124)504

2008

P

N

P

N

-´+´

=

+


	
[image: image12.wmf]1264

2412

P

N

P

N

´+´

=

+


	
[image: image13.wmf]44

63

N

N

-

+


	
[image: image14.wmf](124)5042

4008

P

N

P

N

-´+´´

=

+


	
[image: image15.wmf]12642

4812

P

N

P

N

´+´´

=

+


	
[image: image16.wmf]88

123

N

N

-

+




In a light load system, a substantial SNR gain caused by power boosting of data RE could be obtained. When no active user in the cell, i.e.
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2.1.3 Interference to neighbor cell
The local CRS with strong power would affect the normal working of the neighbor cell. In a light load system, part of CRS will not be used to demodulate the PDSCH in a Full CRS operation mode, so these high density CRS will cause interference to other cell but no significant gain in local cell.
2.2. Issues to be considered for CRS Reduction
As mentioned above, some physical channels demodulation and RSRP measurement must use CRS. So we need to find an optimal scheme which has no effect to these requirements to reduce the CRS overhead.
2.2.1 Demodulation of PDCCH

PDCCH could occupy the first 1~3 OFDM symbols in a sub frame. If only using the CRS in PDCCH for channel estimation, the demodulation performance of control signals would suffer some loss. On the other hand, using the CRS which is too far way from the PDCCH can not get satisfied result either, especially at high speed, as the correlation between the CRS and the symbols in PDCCH has become less. So using 2 columns CRS to demodulate PDCCH would be a good choice. Simulation results are shown in next section.
2.2.2 CQI Estimation

The precision requirement for channel estimation is different for CQI estimation and data demodulation.  However the PDCCH should be correctly demodulated based on the remained CRS in the first slot. So the affect on CQI estimation would be very small when CRS in the second slot is reduced. Evaluation results are shown in next section. 
2.2.3 Demodulation of PBCH, DBCH, PCH and etc
Although DBCH, PCH and other common DL-SCH channel demodulation need CRS, the positions assigned to these channels could be fixed in the center sub-band by scheduling decision, which is mostly less than 1.4M. In section 2.1, we have illuminated that CRS should always be there to demodulate PBCH. So keeping CRS always in the center 6 PRBs (1.4MHz) may be one simple solution to demodulate these common DL-SCH channels and PBCH. If found that 6 PRBs is not enough to convey all these common DL-SCH channels, the number of PRBs can be increased. 
2.2.4 RSRP Measurement

At present, some companies in RAN4 propose to define two kinds of bandwidth for RSRP measurement, which one is the baseline configuration scenario, i.e. 1.4M, another is typical one, i.e. 10M. Obviously, there is no affect for RSRP measurement for the baseline scenario because all the CRS is the center 6 PRBs are kept in Part CRS operation mode. For the typical scenario, all the CRSs in the first slot could still be used, which could also bring obvious benefit. Comparing to the Full CRS operation mode, some accuracy loss is unavoidable for the compressed pattern, however, the performance could still satisfy the demand the probability of delta RSRP less than 5dB which is more than 99%, and the simulation results are shown in the next section.
3. Evaluation results
The simulation results can prove the above analysis straightly.

3.1. PDSCH Performance Losses
The simulation parameters list in Table.1. From Fig 1, it can be found that the obvious peak throughput gains can be obtained in Part CRS operation mode, which are listed in Table 3. The results are quite close to the theoretical ones, which indicate the influence of CRS overhead.

Comparing the relative throughputs of two patterns, we can find how CRS affects the detection performance. From Fig.1 and Table. 4, we can see that the Part CRS operation mode could get 3-6dB detection gains, respectively in case of 1 or 2 antenna ports, and power boosting or no boosting, which could improve the system detection threshold and reduce the number of HARQ retransmission.
Table.  3 Simulation Assumptions I
	Parameter
	Value

	Carrier Bandwidth
	10 MHz

	Propagation channels
	3GPP TU 3kmph

	Channel estimator
	2D MMSE 

	Code type
	3GPP turbo code

	Modulation and coding rate
	QPSK 3/4

	# of PRBs
	4

	# of control symbols
	3

	# of TX antennas at Node B
	8

	# of RX antennas at UE
	2

	Receiver method
	MMSE

	Transmitter method
	Ideal BF weights
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Fig.  1 Throughput results
Table.  4 Simulation results of peak throughput (bits/s/Hz)
	# of CRS ports
	Full CRS operation mode
	Part CRS operation mode
	Δ

	1
	0.897
	0.9484
	5.14%

	2
	0.8481
	0.9484
	11.90%


Table.  5 Detection performance (Relative throughput=70%)
	1 common port
	2 common ports

	Full CRS 
operation mode
	No boosting
	Boosting
	Part CRS 
operation mode
	No boosting
	Boosting

	-3.5dB
	-0.5dB
	1.6dB
	-3.25dB
	1.3dB
	2.8B

	Δ
	3dB
	5.1dB
	Δ
	4.55dB
	6.05dB


3.2. CQI measurement
For CQI, some statistics are computed to compare the effect caused by the CRS reduction. For the Full CRS operation mode, all the 4 columns CRS in a sub frame can be used. And for Part CRS operation mode, 2 columns CRS in the first slot plus those in the center 1.4M sub band of the second slot can be used. From Table 5, we can see that the statistical values of different mode are very close to each other for 5.0MHz bandwidth. The minimal threshold distance of MCSs which have been defined in 36.213 is 0.7. Although the gap between estimation variances would become a little bigger for 10MHz bandwidth, it is still less than 0.7. 
Table. 6 RMS variance for wideband CQI estimation
	
	Full CRS operation mode
	Part CRS operation mode
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	5.0M
	1.4597
	1.4641
	0.0044

	10M
	1.2683
	1.6935
	0.4252


3.3. PDCCH demodulation
The simulation results also approve our analysis for PDCCH demodulation. We use the reference channel estimation defined by RAN 4 [3], which:
· Two 1D MMSE estimators in time and frequency. 
· The estimation process is limited to the current subframe 
· Only the knowledge of the maximum Doppler is available
· Ideal delay estimators have been assumed here.
· True SNR estimators have been assumed here.
From the Fig 2, it can be seen that at the BLER of 
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, the performances of PDCCH based on 1 column and 2 columns CRS are worse than 4 columns CRS by 1.2 dB and 0.4dB at low speed, respectively; furthermore, because UEs always  assume the flat power spectral density with the maximum Doppler, using 4 columns CRS can not get any gains for high speed. Fig 3 shows the performance of 4 columns CRS is almost same as 1 column, but degraded by 0.8dB compared to 2 columns at 300 kmph..
Table.  7 Simulation Assumptions II

	Parameter
	Value

	Carrier Bandwidth
	5 MHz

	Propagation channels
	3GPP TU, 3 /300 kmph

	Channel estimator
	2×1DMMSE

	Code type
	3GPP Tail biting convolutional coding

	Modulation and coding rate
	QPSK, 1/12

	# of TX antennas at Node B
	1

	# of RX antennas at UE
	2

	Receiver method
	MMSE
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Fig.  2 Detection performance for PDCCH with 3kmph
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Fig.  3 Detection performance for PDCCH with 300kmph
3.4. RSRP measurement 
Fig 4 shows the performance of RSRP measurement based on one antenna port [2]. We can see for the baseline scenario, 240ms measurement period can just satisfy the demand, which the probability of delta RSRP less than 5dB is more than 99%. And for the typical scenario, although comparing to the Full CRS operation mode, the Part CRS operation mode has about 1 dB loss, the measurement accuracy is still eligible.

With the same measurement periods, the typical scenario can get better measurement accuracies for both Full CRS mode and Part CRS mode, because the 90% confidence intervals are smaller and the absolute accuracies are lower. 
Increasing the measurement period can improve the measurement accuracy, and we can find the typical scenario performances of Part CRS operation mode with 240 ms measurement period is better than the baseline scenario with 480 ms. It means even for the Part CRS operation mode, using larger measurement bandwidth can reduce the measurement period..
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Fig.  4 RSRP measurement
Table.  8 90% Confidence interval level
	Îor/Ioc
	Case A
	Case B
	Case C
	Case D

	3 dB
	[-0.25dB~0.7dB]
	[-0.15dB~0.48dB]
	[-0.02dB~0.25dB]
	[0.02dB~0.37dB]

	0 dB
	[-0.3 dB~1  dB]
	[-0.14dB~0.75dB]
	[0.04dB~0.4dB]
	[0.10dB~0.62dB]

	-3 dB
	[-0.19dB~1.9dB]
	[-0.3 dB ~1.2 dB]
	[0.15dB~0.74dB]
	[0.33dB~1.08dB]

	-6 dB
	[-0.12 dB~ 2.5dB]
	[ 0.2 dB ~ 1.95dB]
	[0.4dB~1.26dB]
	[0.76dB~1.87dB]

	-10dB
	[ 0.5 dB~  4  dB]
	[ 1.1 dB ~ 3.5 dB]
	[1.1dB~2.47dB]
	[1.84dB~3.6dB]


Table.  9 Absolute accuracy (99% confidence level)
	Îor/Ioc
	Case A
	Case B
	Case C
	Case D

	3 dB
	0.93dB
	0.64 dB
	0.3dB
	0.46dB

	0 dB
	1.35 dB
	0.99 dB
	0.49dB
	0.78dB

	-3 dB
	2.46 dB
	1.55 dB
	0.88dB
	1.28dB

	-6 dB
	3.02 dB
	2.45 dB
	1.45dB
	2.15dB

	-10dB
	4.81 dB
	4.11 dB
	2.86dB
	4.08dB


4. Conclusion
According to the above analysis and simulation results, we found that some performance loss due to CRS overhead when do beam-forming for PDSCH. And considering the beam-forming preferred cell, most PDSCH transmission will use beam-forming, the performance loss observed above will be more obvious. So it is better to reduce the CRS overhead when do beam-forming. Further considering the flexibility of beam-forming operation in MIMO preferred cell, we propose to add one option to allow CRS reduction at least for beam-forming preferred cell, i.e. there are two CRS operation modes:

· Full CRS operation mode: this mode is used for MIMO preferred cell and no CRS reduction is used

· Part CRS operation mode: this mode is used for beam-forming preferred cell and part of CRS will be reduced.

One potential candidate solution for Part CRS operation mode is shown in Fig. xx.:

1. In the center 6 PRBs, CRS in all downlink sub-frame is kept to demodulate the PBCH, ,DBCH, PCH, etc and to measure the RSRP and RSRQ. If found that 6 PRBs is not enough to convey all these common DL-SCH channels, the number of PRBs can be increased.
2. In the first slot in each downlink sub-frame, CRS is kept to demodulate the PDCCH and estimate the CQI.
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Fig.  5 A scheme on CRS overhead reduction
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