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1. Introduction

A new work item “Four Branch MIMO transmission for HSDPA” was agreed in RAN#53[1]. Some contributions on pilot design [2][3][4] were discussed at the past meeting and an agreement was made to limit the design to common and CDM based dedicated demodulation pilots. 
This contribution presents initial evaluation considerations on various alternatives for pilots design.
2. Pilot structure comparison
As agreed, there are two kinds of DL Pilot channel types for 4-branch MIMO: common pilots and CDM based dedicated pilots. In [2] two pilot structures are discussed for 4-branch MIMO: common pilots only, and common pilots + dedicated pilots structures. In the following, we compare those schemes.
2.1. Common pilots
A straightforward way for pilot channel design is to have additional pilot channels, one for each antenna port. In addition to the primary and secondary CPICH, here labelled as CPICH1 and CPICH2, respectively, 4-branch MIMO will have CPICH3 and CPICH4. Each orthogonal pilot channel (CPICH1, CPICH2, CPICH3 and CPICH4) is sent without pre-coding over a corresponding antenna port. 
With four pilot channels, there are two options as described in [2].
Option 1: Use 4 pilot channels with different SF256 channelisation codes.

Option 2: Use 4 pilot channels with two different SF256 channelisation codes with STTD pattern.
· Downlink PCI signal
It is required that the NodeB signals the PCI in the DL if the NodeB is allowed to select the actual weights. 
· UE weight selection
Since the pilot channels are not pre-coded, the UE can directly process each CPICHs separately and estimate the channels seen from each antenna port. Based on this channel sounding, the UE needs to select the preferred precoding vector. This is similar to what was specified for the 2x2 MIMO case.
· UE demodulation 
The UE uses the same estimated channel from sounding for data demodulation. This is also the same procedure as in the 2x2 MIMO case.
· Power of pilot channels
The typical power of CPICH1 in non-MIMO mode is set to -10dB, and in this four common pilot channels transmission the total power of CPICH1, CPICH2, CPICH3 and CPICH4 can reach up to 40% of the total transmitted power of the Node B. It is obviously an extremely high percentage.
A method of power offset reduction of the secondary common pilot channel was introduced in Rel-10 specifications in order to limit the impact on non-MIMO UEs and to reduce the total power consumption. A similar configuration can be used for CPICH3 and CPICH4. Depending on the power offset reduction [3], there are two options.
Option 1: CPICH2, CPICH3 and CPICH4 have the same power offset reduction. 
Option 2: CPICH3 and CPICH4 have higher power offset reduction than CPICH2. 
Obviously, Option 1 has higher throughput gains than Option 2, however the impact on non-MIMO and 2*2 MIMO UEs is higher for Option 1 because of the higher transmitted power of CPICH3 and CPICH4. The choice between the two schemes will be a compromise between performance gain, power overhead and interference to legacy UEs.
In summary, power consumption needs to be taken carefully into account and power offset reduction can be one efficiency method.
· Gating of CPICH3 and CPICH4
When the feedback rate of PCI is set to be a longer pattern, secondary common pilots are not required to be estimated all the time by 4-branch MIMO UEs. In this case, CPICH3 and CPICH4 can be transmitted discontinuously. And as noted above, the total power consumption of common pilots in 4-branch MIMO is a big part of the total power. For these reasons, CPICH3 and CPICH4 can be transmitted gated according to a certain cycle, which means that CPICH3 and CPICH4 are transmitted for a period of time and turned off in the gap time. The power consumption is then reduced since the transmission of CPICH3 and CPICH4 is discontinuous. The gating is flexible if its parameters are set by higher layers, including the interval between pilot transmissions, and the duration of each pilot transmission..
Gating of CPICH3 and CPICH4 aims to reduce the power consumption of pilot channels. However, UE processes CPICHs separately for channel estimation and data demodulation. Thus, pilots not only need to be transmitted in a certain pattern used for channel sounding, but also to be transmitted with HS-PDSCH for data demodulation. This means that only when there is no data transmission, CPICH3 and CPICH4 can do gating according a set pattern. Especially, in the case of a large number of UEs, the gains due to pilot gating are small.
Therefore, with respect to 4-branch MIMO application, CPICH3 and CPICH4 can be transmitted in gating according to a certain cycle, but it would be a less efficient solution for the case of common pilots only compared to the case with common + dedicated pilots.
2.2. Common pilots and CDM based dedicated pilots
As described in [2], a scheme with common pilots and CDM based dedicated pilots transmitted together was introduced. 
Option 3: 4 common pilots + n dedicated pilots, where n is the number of layers.

In this scheme, there are still four common pilot channels; each channel is transmitted on each antenna port as described above, and used for channel sounding. The UE also uses these CPICHs to separately estimate the channels seen from each antenna, and determines a preferred primary precoding vector which is signalled to the Node B. 

Besides the common pilot channels, dedicated pilot channels are also transmitted. Pre-coding is applied to the dedicated pilots with the same pre-coding weights applied to the data channels. The UE specific pilots are intended to be used for data demodulation. 
Common pilots are used for channel sounding and dedicated pilots used for data demodulation.
· Downlink PCI signal

Since the dedicated pilots are pre-coded in the same way as the data with a user specific pre-coding, the UE does not need to receive the pre-coded weights for demodulation, as we stated above. In this case, no additional PCI signalling is transmitted from NodeB. 
· UE weight selection
UE estimate the channels seen from each antenna port through CPICHs and get prefer precoding weight from codebook and feedback to NodeB. This is similar to what specified for the 2x2 MIMO case.
· UE demodulation
In this scheme, dedicated pilots are used for data demodulation. The UE receives the pilot symbol 
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, where p is the transmitted pilot symbol, H is channel matrix, 
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 is the pre-coding vector, and 
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is the thermal noise plus interference. The UE could directly estimate 
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from the dedicated pilots, and this will be used in data demodulation. In this way, precoding vector used in NodeB would not be limited to the form of codebook.
The use of pre-coded pilot symbols has a potential disadvantage because of the changes in the pre-coding vector. This  can create discontinuity in the smoothing filter for channel estimation, which can have a negative impact on performance, especially for high velocity scenarios and high data rate traffic. 
In summary, the procedure of data demodulation in the UE is different with the 2*2 MIMO case, and there is a negative impact on performance according to discontinuity of dedicated pilots.
· Power of pilot channels 

The number of dedicated pilots directly relates to the number of transmitted layers, and it can be assumed that the cell centre UE uses higher ranks with a higher peak rate, in which case more corresponding dedicated pilots are transmitted. For cell edge UEs, typically using low rank transmission to increase coverage, less dedicated pilots for one UE are transmitted. However, in this case more UEs can be scheduled at the same time, which means the total number of dedicated pilots in the entire cell may be similar between a high rank transmission in the cell center and several low rank transmissions at the cell edge.  
Therefore, from a cell level point of view, there should be at least 4 common +4 dedicated pilots configured, in which the power of the dedicated pilot scheme may not be lower than the common pilot scheme. 
It is obvious that also with the scheme of common and dedicated pilots, power consumption is still a key aspect for DL MIMO operations.
· Gating of CPICH3 and CPICH4
Besides power offset reduction for the secondary CPICH, discontinuous transmission of CPICH3 and CPICH4 can be also applied. Since the feedback rate of the PCI is longer, the common pilot channels CPICH3 and CPICH4 are not required to be transmitted all the time and they can be transmitted in gated mode with a certain cycle. Furthermore, CPICH3 and CPICH4 are only used for channel sounding, and do not need to be transmitted with HS-PDSCH, which is here always accompanied by dedicated pilots used for data demodulation. Therefore, power savings with CPICH3 and CPICH4 gating in the scheme with common and dedicated pilots., can be achieved. 
Compared with common pilots only, the gating of CPICH3 and CPICH4 can be more efficient.
· Timing of dedicated pilots

Because the UE specific pilots are precoded together with data channels, dedicated pilots and HS-PDSCH need to have the same subframe timing.
· Code allocation of dedicated pilots
Code allocation should be considered for dedicated pilots. This is not only related to the number of pilots in one slot, but also to the available OVSF channelisation codes not used in other downlink channels. From TTI to TTI, the number of layers can change with the size of TBs, which leads to the change in the number of dedicated pilot channels.
Up to 4 codes per UE can be allocated. Thus in case of several scheduled users, it needs to be considered how to lower the code resource consumption.
2.3. Comparison Summary
	
	Common pilots
	Common pilots and CDM based dedicated pilots

	Number of Pilots
	4
	4+n, n=layer number

	Downlink PCI signal
	Needed 
	Not needed

	Data demodulation
	Same as 2*2MIMO and based on common pilots 
	Based on dedicate pilot

	Gating of common pilots
	Less efficient
	More efficient

	Total pilot power
	Total power of common pilots
	Power of common and dedicated pilots. Total power needs to be evaluated.

	Channelisation code consumption
	4
	At least 4+4


3. Link Simulation Assumptions and Metrics
In the above, the difference between common pilots and dedicated pilots was analysed. But the performance of each scheme has to be evaluated through simulations. Link level simulations would be the primary means for evaluating the efficiency of these pilot schemes. And in order to satisfy the performance of HS-DSCH, we also suggest to use FRC H-Set 9/9A specified in [5] as the basic requirement, which can also be compared to 2*2 MIMO to calculate the relative gain.
3.1. 
Assumptions
Table1. Link simulation assumptions
	CPICH1 power
	-10dB 

	CPICH2 power
	-13dB

	CPICH3 power
	-13dB/-16dB
-19dB(*)

	CPICH4 power
	-13dB/-16dB
-19dB(*)

	SCH
	-12dB

	P-CCPCH Power
	-12 dB 

	PICH Power
	-15 dB

	HS-DSCH power
	-1.2 dB (75%) for 2 Tx antennas
-1.9(65%) dB/-1.5dB(70%) for 4 Tx antennas

	Maximum number of HS-DSCH codes
	15

	CQI feedback errors
	0 %

	ACK/NACK feedback errors
	0 %

	Channel state information
	Estimated

	HS-SCCH
	Ideal

	HARQ mode
	Chase combining

	Number of HARQ processes
	6

	Maximum number of HARQ retransmissions
	4

	OCNS
	According to Table C.10 in 25.101 v. 5.6.0

	Inter cell interference 
	White noise

	PCI bit error rate
	0%

	Geometry Ior_hat/Ioc
	-5 dB … 25 dB

	Channel model
	PA3, VA30

	Receiver
	LMMSE


Table 2: Parameters for MIMO FRC H-Set 9/9A


[image: image5.emf]Parameter  Unit  Test 1  Test 2  Test 3  Test 4  

Phase reference   P - CPICH  P - CPICH  

oc

I

 dBm/3.84 MHz  - 60  - 60  

DPCH frame offset    (  DPCH,n )  Chip  0  0  

Redundancy and  constellation version  coding  sequence   {0,3,2,1} for 16 - QAM and QPSK  

Maximum number of  HARQ transmission   4  4  

PCI/CQI reporting Error  Rate  %  0  0  

Number of transport  blocks   2  1  

Modulation   Primary Transport  Block: 16QAM   Secondary Transport  Block: QPSK  Primary Transport  Block:  16QAM   Secondary  Transport Block is  not used.  

 


Table 3: Minimum requirement MIMO, Fixed Reference Channel (FRC) H-Set 9/9A

	Test Number
	Propagation Conditions
	 Reference value
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	1
	PA3
	10
	5563

	2
	VA3
	10
	4347

	3
	PA3
	6
	3933

	4
	VA3
	6
	3011

	* Notes:
1)The reference value R is for the Fixed Reference Channel (FRC) H-Set 9
2) For Fixed Reference Channel (FRC) H-Set 9A the reference values for R should be scaled (multiplied by 2.0)


3.2. 
Metrics
· Link throughput versus geometry.
4. Conclusion
In this contribution, the initial comparison of common pilots and dedicated pilots are discussed, and link simulation assumptions and metrics for the evaluation of the efficiency of these pilot schemes are given.
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		Parameter

		Unit

		Test 1

		Test 2

		Test 3

		Test 4



		Phase reference

		

		P-CPICH

		P-CPICH



		

		dBm/3.84 MHz

		-60

		-60



		DPCH frame offset 

(DPCH,n)

		Chip

		0

		0



		Redundancy and constellation version coding sequence

		

		{0,3,2,1} for 16-QAM and QPSK



		Maximum number of HARQ transmission

		

		4

		4



		PCI/CQI reporting Error Rate

		%

		0

		0



		Number of transport blocks

		

		2

		1



		Modulation

		

		Primary Transport Block: 16QAM

Secondary Transport Block: QPSK

		Primary Transport Block: 16QAM

Secondary Transport Block is not used.
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