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1. Introduction 

4-branch MIMO for HSDPA is a feature which aims at increasing data rate in the downlink. One of the factors which have a significant impact on the performance of 4Tx transmission is the design of pilot signals. In the previous RAN1#68bis meeting some agreements has been made regarding the pilot issues, however the scheme which will be used for the 4-branch MIMO transmission was not chosen. In this contribution we are comparing possible design options looking from different perspectives.
2. Pilot design options
In the previous RAN1#68bis meeting it was agreed that 3 pilot design options should be further evaluated:
1. Common pilots – in this scheme from each antenna the node B transmits 1 pilot channel which is used for both channel state information estimation and demodulation.

2. Common + dedicated [1] precoded pilots – node B is sending common pilots as in previous case, but additionally dedicated pilots are sent to the 4-branch UEs. Those dedicated pilots are precoded along with the data and the number of pilots is equal to the rank of MIMO transmission. Common pilots are used for CSI estimation and dedicated pilots are used for demodulation.
3. Common + scheduled [2] pilots – in this scheme, during 4Tx transmission, apart from the common pilots, from the 3rd and 4th Tx antenna additional pilot channels are sent. As a contrast to the previous scheme, those additional pilots are not precoded. Common pilots are used for channel state information estimation. For demodulation both common and dedicated pilots are used.
2.1. Common + dedicated pilots

Before comparing the different pilot option, several aspects of dedicated pilots are discussed.
The estimation of the channel impulse response for demodulation will be impacted because the dedicated pilots are not continuously transmitted and the phase of the precoded channel changes when the precoding weights are changed. Both effects impact the averaging of the estimated channel impulse response. To enable the UE to cancel the phase changes due to changing precoding weights, it would be beneficial to signal the used PCI in the downlink (HS-SCCH). 

It also seems reasonable to use P-CPICH and S-CPICH for demodulation since at least 15% of the total power is spent for those common pilots. In order to combine the dedicated channel estimate and the common channel estimate, the used precoding has to be known in the UE. The complexity of the additionally required channel estimation and the combining should be more than compensated by the additional available pilot power. Moreover, using common and dedicated pilots together for demodulation gives the possibility to save 1 (2) dedicated pilot(s) for triple (quad) stream transmission. Having 2 dedicated and 2 common pilots would allow for estimating of all 4 physical channels. Table 1 shows an overview of the used pilots for demodulation.
Table 1: Overview of pilots used for demodulation depending on the used rank

	Rank
	# common pilots   (physical level)
	# dedicated pilots (dedicated level)
	Level of channel estimation for demodulation

	1
	2
	1
	dedicated

	2
	2
	2
	dedicated

or physical (w/ CIR synthesis)

	3
	2
	2
	physical ( w/ CIR synthesis)

	4
	2
	2
	physical ( w/ CIR synthesis)


In 2x2 MIMO, user should only be code-multiplexed using rank 1 transmission. The same assumption can be made for 4Tx MIMO. This assumption is also beneficial when dedicated pilots are used. If for example the code-multiplexing of  2 rank 4 user would be allowed, up to 8 dedicated pilots would be required. Hence it seems reasonable to consider only code multiplexing of a small number of rank 1 UEs. 
3. Pilot design options comparison

All the options presented above have some advantages as well as disadvantages. So far a lot of contributions evaluating the performance of those schemes, however it is not only the throughput which should be taken into account when deciding on the pilot design option. Below a table summarizes pros and cons of pilot design options.

Table 2 - pilot design options comparison

	
	Common
	Common + dedicated
	Common + scheduled

	Power optimization 
	Poor, common pilots has to be sent constantly and do not scale with rank 
	Good, common pilots can be sent with low power and the number of precoded pilots depend on the rank and experience beamforming gain
	Moderate, common pilots can be sent with low power and scheduled pilots only during 4Tx transmission. Number of scheduled pilots does not scale with rank.

	Compatibility 
	Good, straightforward extension of  Rel’7 MIMO 
	Poor, precoded pilots are not used in DL so far 
	Moderate 

	Interference to legacy UEs 
	Large since Node B constantly transmits pilots.
	The best scaling of pilot power translates to the lowest interference 
	Moderate – only differs from dedicated pilots when legacy UEs are multiplexed with 4Tx UEs.

	CIR filter averaging 
	No phase shifts, continuous transmission  = no impact on filter averaging 
	Phase shifts due to precoder changes and discontinuous transmission decrease the demodulation performance 
	Moderate impact, no phase shifts due to precoding weights but discontinuous transmission

	Code space utilization* 
	Good, only 2 additional OVSF codes to be used 
	Poor, dependent on the number of scheduled 4-branch MIMO UEs in the cell 
	Moderate, 4 additional OVSF codes to be used 

	PCI signaling in DL 
	Needed 
	Not necessarily needed, only to improve CIR estimation of the UE and to include the common pilots into the decoding.
	Needed 

	Code multiplexing of users 
	Easily possible;

Users do not need many dedicate channels and can estimate channel from common pilots 
	Increased pilot overhead with increased number of user.


	Easily possible;

Users do not need many dedicate channels and can estimate channel from common pilots

	Codebook 
	Closed 
	Open, however dedicated feedback may be needed to improve CIR estimation of the UE and to include the common pilots into the decoding.
	Closed 


 * It is assumed, that for each pilot channel separate OVSF code has to be assigned. OVSF codes assignment will be discussed in the following chapter
3.1. Common pilots VS common + scheduled pilots
Comparing a solution with common pilots only and a combination of common and scheduled pilots shows mainly 2 differences:

1. Impact on legacy UEs
2. CIR filter averaging

3. Number of required OVSF codes

The common pilot only approach would require the introduction of two relative strong pilot signals which have enough power to enable demodulation and are continuously transmitted. Those 2 additional pilots act as interference for all UEs not supporting 4Tx MIMO. To reduce the performance degradation of legacy UEs, high power pilots for demodulation can be transmitted only when 4Tx MIMO UEs are scheduled. This would limit the impact of demodulation pilots to the cases when 4Tx MIMO UEs are code-multiplexed with non-4Tx MIMO UEs (if that is permitted). For channel sounding, low power S-CPICH2/3 are introduced which cause very limited interference. Those additional low power common pilots are required for all considered options. However, it seems to be clear that scheduled pilots clearly outperform common pilots in terms of reduced impact on legacy UEs.

The downside of scheduled pilots is that the channel impulse response (CIR) cannot be averaged easily for e.g. the first slot of a 4Tx transmission. To achieve similar performance as with continuously transmitted common pilots, advanced channel estimation algorithms could be used which e.g. consider the low power S-CPICH2/3. It is also possible to use somewhat more power for the scheduled pilots, since the impact on legacy UEs is very limited.

Scheduled pilots require 2 additional OVSF codes. Since in most cases 2 SF16 branches of the code tree are occupied by control channels and sufficient codes are available in the 2nd SF16 branch, additional OVSF codes are not critical.
Considering that the impact of legacy UEs is crucial and that the shortcomings of the scheduled pilots can be circumvented, scheduled pilots seem to be more attractive.

Proposal 1: A solutions using only common pilots should not be considered for 4-branch MIMO.

In Table 2 different pilot approaches have been summarised. It can be concluded that the common pilot approach is the least complicated extension of Rel’7 MIMO, but the impact on legacy UEs is the most pronounced in this scheme. The dedicated pilot’s scheme is complex, but impacts the legacy UEs’ performance more severely when legacy UE is code multiplexed with 4-branch MIMO UE. When the transmission to legacy UE is not code multiplexed with transmission to 4Tx MIMO UE, than the impact of common pilots is not so pronounced as in the common-only pilots scheme, because the pilots sent from 3rd and 4th antenna can be sent with low power. The 3rd scheme is moderately complex and its impact is also moderate.
4. Code space utilization
It is obvious that the code resources in the downlink are limited and when introducing a new feature, it is important to optimize the code resources utilization. The 4-branch MIMO for HSDPA demands the introduction of at least 2 physical channels (pilots), which in WCDMA system are usually distinguished by assigned OVSF codes. The number of codes assigned to the new physical channels depends on the chosen pilot design option and UEs multiplexing options. If the separation of pilots on the spreading codes level is chose, then the code space utilization for each pilot scheme looks as follows:

· Common pilots : 2 additional OVSF codes

· Common + scheduled pilots: 4 additional OVSF codes, 2 for common pilots and 2 for dedicated pilots.

· Common + dedicated pilots: 4 up to 16 additional OVSF codes - 2 common pilots + in extreme case  14 OVSF codes for dedicated pilots (14 UEs receiving single-stream transmission, each user has 1xSF16 code for HS-PDSCH transmission assigned)
Clearly, if dedicated pilots are used, some restrictions have to be applied (see section 2).

Proposal 2: If dedicated pilots are used, the number of code-multiplexed UEs should be strongly limited, e.g. to 2.
5. Conclusions

It was shown that for 4Tx MIMO, a pure common pilot approach is suboptimal due to high interference for legacy UEs. Dedicated and scheduled pilots have different threads. Dedicated pilots in particular may require a large number of OVSF codes which can be avoided by limiting the number of code multiplexed UEs.
Proposal 1: A solutions using only common pilots should not be considered for 4-branch MIMO.
Proposal 2: If dedicated pilots are used, the number of code-multiplexed UEs should be strongly limited, e.g. to 2.
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