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1 Introduction
RAN#50 initiated a study on uplink MIMO operation [1]. In the SI it is mentioned that RAN1 should

“Study the feasibility and merits of UL MIMO (including improvements in terms of average throughput in a cell, while taking into account the impact on the other aspects such as fairness, cell edge user throughput, etc) taking the closed loop transmit diversity into account…”
This paper discusses a few different approaches for evaluating the gains that can be expected on a system level from introducing UL MIMO.

2 Motivation with uplink MIMO
There is currently a strong growth in mobile broadband usage and to improve user experience there are several work items that aims at improving the HSPA technology even further. Two recent WIs are 8C-HSDPA operation whereby it will be possible to transmit 16 transport blocks to one user simultaneously and closed loop transmit diversity (which improves both uplink coverage and uplink cell capacity). At the same time we are also experiencing an increased interest in: 
· Heterogeneous network architectures where the existing macro layer is complemented by micro and pico Node-B(s).

· Utilizing interference suppressing or interference cancelling receivers at the Node-B.

· Utilizing more receive antennas at the Node-B.

All these techniques will improve the uplink coverage and enable operation at a higher noise level. Operation at a higher noise rise may also be possible for some carriers in settings where the operator has deployed multiple uplink carriers. When the cells are heavily loaded (or even overloaded) the increased noise rise budget can be divided amongst all the users.
However, to ensure that the increased noise rise budget can be translated into improved end user performance in settings where there is a low to moderate load the spectral efficiency needs to be increased. Standardizing support for uplink MIMO transmissions is one approach for accomplishing this. This is the same logic as the one behind the introduction of DC-HSUPA operation.
The main conclusion from this discussion is that:

· Several techniques whereby the uplink coverage can be increased are emerging. This will also enable operation at a higher noise rise level. 

· To ensure that the increased noise rise budget can be translated into improved user performance it is necessary to introduce techniques that increase the spectral efficiency.

In our view uplink MIMO is one promising technique to increase the spectral efficiency. 
We also notice that uplink MIMO single-stream transmission will be able to improve the coverage (for a given data rate) as well as increase the cell throughput in situations where the cells are highly congested. The latter is due to the increased cell isolation provided by the pre-coding. The gains offered by (single-stream) uplink MIMO in these scenarios will be similar to the gains provided by CLTD (especially if the design for uplink MIMO and CLTD is similar for single-stream transmissions). Hence, we believe that uplink MIMO evaluations should focus on situations characterized by:
· A large noise rise budget is available at the Node-B receiver. 

· Advanced receivers are used at the Node-B receiver.

· Dense deployment of Node-Bs.
· The load in the cells is small to moderate.

In principle we envision two possible approaches for quantifying the gains from uplink MIMO:

· Approach 1: Perform link level simulations with a detailed implementation in which both the ILPC and the OLPC are modelled. (In the case where 2 TB are used the rate control loop needs to be modelled as well) for a given Ec/N0. The results obtained from these simulations would be similar to the ones that would be achieved from in a system level simulation with a low load and/or with high isolation (where the inter-cell interference is marginal) and where the entire noise rise budget in a cell could be given to one user.
· Approach 2: Perform traditional system level simulations. 
In our view both these approaches are reasonable for uplink MIMO and we believe that RAN1 should discuss the merits of both of them. In the remaining part of this document we will however focus on approach 2.
3 Simulation assumptions for uplink MIMO

In Table 1 we show a proposed set of simulation parameters related to uplink MIMO. This set is based on the agreed parameters for CLTD [1].
Table 1: Summary of the used system simulation parameters.

	Parameters
	Values and comments

	Cell Layout
	Hexagonal grid, 19 NodeBs, 3 sectors per Node B with wrap-around

	Inter-site distance [m]
	500

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometres

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation: 0.5

Intra-Node B Correlation :1.0
Correlation Distance: 50m 

	Antenna pattern
	Case 1 (3GPP ant):                                                     
[image: image6.wmf]dB

3

q

              

[image: image7.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q

                                                                              = 70 degrees,   Am= 20 dB

In this case a constant value 6dB should be added to all base stations except the serving Node-B for all UEs.

Case 2 (3D ant): Custom antenna (e.g. Kathrein 742212) with 10 degrees down tilt (*)
Case 3 (3D ant): Based on 36.814, table A.2.1.1.2 (*)
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The parameter   is the electrical antenna downtilt. Antenna height at the base station is set to 32m. Antenna height at the UE is set to 1.5 m.


	Channel Model
	PA3, VA30
PA0.1, SCM and polarized antennas (*)

	Penetration loss [dB]
	10

	Maximum UE EIRP
	24 dBm

	Uplink system noise
	 –103.16 dBm

	HS-DPCCH 
	CQI Feedback Cycle
	1 TTI

	
	ACK [dB]
	0

	
	NACK [dB]
	0

	
	CQI [dB]
	0

	
	Pr[ACK]/Pr[NACK]
	0.5/0.5

	βec/ βc 
	15/15

	E-DPCCH Decoding
	Ideal

	Soft Handover Parameters
	R1a (reporting range constant) = 4 dB, 

R1b (reporting range constant) = 6 dB

	Traffic model
	Full Buffer

	UE distribution 
	Uniform over the area

	Number of UEs per sector
	0.05, 0.1, 0.25, 0.5, 1, 2(*), 4(*), 10(*) (Full Buffer Traffic)

	NodeB Receiver
	To be described

	Number of Receive antennas
	2,4

	Channel Estimation
	Realistic – 3 slot filtering

Other channel estimation algorithms if used should be indicated

	NodeB Receiver Loss due to CLTD algorithms
	No Rx Loss is modelled

	Uplink HARQ
	2ms TTI,Max # of trans =4,Target BLER=10% after 1st trans for EQ(*)

	Closed Loop Power Control Delay
	2 slots

	Outer Loop Power Control Delay [frames]
	4

	UL TPC Error Rate [%] 
	4

	Long term antenna imbalance [dB] (Note 1)
	0, -4(*)

	Short-term antenna imbalance [dB]  (Note 2)
	Gaussian distribution with 

µ = 0

σ = 2.25

	UE Tx Antenna Correlation
	0, 0.3(*), 0.7 (*)

	UE Rx Antenna Correlation
	0, 0.3 (*)

	E-DCH Scheduling Delays
	Period
	2ms

	
	Uplink SI delay
	6 slots

	
	DL Grant delay
	As per 25.321

	Scheduling Type
	To be described


An asterisk (*) indicates lower priority cases.

Note 1: The long term antenna imbalance is fixed for all the UE’s in a particular simulation.

Note 2: The short term antenna imbalance value is independently generated from the distribution on a per UE per link basis. Once generated, the short term imbalance does not change for the duration of the simulation.

3.1 Other issues
3.1.1 Uplink pilot structure 
During RAN1#63bis there were discussions regarding the uplink pilot structure for CLTD. At the meeting it was agreed that as a working assumption a pre-coded DPCCH pilot structure should be assumed. To maximize the commonality between CLTD and uplink MIMO our preference would be that the same DPCCH pilot structure is used.

Proposal 1: It is proposed that a pre-coded pilot structure is used.
3.1.2 Number of ILPC and ILPC loops

During RAN1#63bis it was also agreed that a single ILPC and a single OLPC loop is used. All the reasons for applying a single ILPC loop for CLTD are also valid for uplink MIMO. Hence we propose that a single ILPC and a single OLPC loop are used also for uplink MIMO.
Proposal 2: It is proposed that a single ILPC loop and a single OLPC loop are used.
3.1.3 Noise rise levels

As mentioned above, we view uplink MIMO as beneficial in situations where the available noise rise budget is large. Hence, we believe that focus should be on such settings. As a baseline we could reuse the noise rise levels assumed in [2] (10, 15, 20 dB). Out of these our preference would be to use 15 dB as the baseline approach and have 10 and 20 dB noise rise values as optional.

Proposal 3: It is proposed that a 15 dB noise rise level should be used as baseline. A noise rise threshold of 10 dB and 20 dB should be optional (used as sensitivity analysis).
3.1.4 Receiver structures and number of Rx antennas 
As we also mentioned in section 2 we view uplink MIMO as a technology that in part is motivated by the ongoing development according to which four receive antennas and/or advanced receiver structures are used at the Node-B. Two examples of the latter would be interference suppressing and/or interference cancelling receiver structures. 

Proposal 4: The baseline scenario should have interference suppressing receivers deployed (Type 3i).
Proposal 5: Structures with both 2 and 4 receive antennas should be considered in the UL MIMO evaluations.
3.1.5 Rank adaptation and TBS selection algorithm
One of the open issues related to uplink MIMO is which algorithm that should be used for rank adaptation and TBS selection. With respect to this topic RAN1 could either agree on one common algorithm or, alternatively, RAN1 could agree on that each company needs to specify what algorithm they have used. Here our preference would that each company can design their own rank and TBS selection algorithm as long as it is clearly explained. 
Another topic related to rank adaptation is which Node-B that should be responsible for deciding the rank as well as the pre-coding vectors. In our view, it would be desirable if the evaluations are limited to scenarios where the serving Node-B is responsible for determining the rank and pre-coding vectors. This is also the approach towards which RAN1 is leaning for CLTD.
Proposal 6: The serving Node-B is responsible for deciding the rank and pre-coding vectors.
3.1.6 Network deployment isolation

In urban areas where we envision that uplink MIMO transmission mainly would be deployed a typical inter-site distance is in the order of 500 m. This inter-site distance was also used during the evaluations of 16 QAM which was introduced during Rel-8 for the purpose of increasing spectral efficiency. In such areas it is furthermore important to capture the isolation between cells. This could either be captured by 

· Explicitly modelling 3D antennas at the Node-B receivers or by 
· Applying 2D antennas at the Node-B but add an additional isolation between a UE and all the Node-Bs (except the serving Node-B). This was the approach used during the downlink MIMO evaluations.
Proposal 7: It is proposed that RAN1 should agree on how the cell isolation should be modelled. 
Proposal 8: If 2D antennas in combination with a fixed parameter describing the cell isolation are used, the mobility downlink measurement should not take the cell isolation into considerations.

3.1.7 Reference scenarios

To evaluate the merits of uplink MIMO transmissions we propose that the results should be benchmarked with respect to:

· A scenario where all users utilize legacy operation

· A scenario where all users utilize closed loop transmit diversity (CLTD).

3.1.8 Feedback delay and error

A set of example values that could be used for uplink MIMO is shown in Table 2. These are similar to the values agreed in [1]. Note also that, as for the CLTD simulation assumptions, other values could be used. One such alternative would be to not pre-code signals in case of dual stream transmissions (similarly as for LTE where rank 2 transmissions never are pre-coded):
Table 2: Summary of parameters specific for uplink MIMO

	Parameters
	Values and comments

	Practical CLTD Weight Generation
	Based on realistic channel estimate to maximize the composite channel gain of the serving radio link set. (See Section 2.2 for reference algorithm)

	Pre-coding Codebook Size
	4 phases

	Number of Feedback Bits
	2

	Practical CLTD Weight Update
	Period
	1 slot

	
	Delay
	2 slots

	
	Error Rate [%]
	2% per bit

	
	Channel Estimation
	Realistic (3 slot filtering)


3.2 Performance measures

When evaluating the performance associated with uplink MIMO we propose that the following performance measures are used:
· Average and 10th percentile UE throughput

· Average UE total transmit power 

· ROT – Mean and 90th percentile 

Whilst the above mentioned metrics are important to capture the gains from CLTD algorithms, companies are encouraged to provide any additional statistics that may shed insight into these algorithms.
4 Conclusions
This contribution has discussed a system simulation framework for uplink MIMO. We started with the observation that uplink MIMO mainly should be seen as a tool for increasing the spectral efficiency. Hence it was noted that uplink MIMO mainly will be useful in situations where the noise rise level is considerable and the average load is low to moderate. Based on this we described a simulation framework which focused on context where there is a (reasonable) cell isolation for an urban area, a small number of UEs per cell, and fairly aggressive noise rise levels in combination with advanced receivers. A set of proposals that could guide the work was also proposed. 

Proposal 1: It is proposed that a pre-coded pilot structure is used.

Proposal 2: It is proposed that a single ILPC loop and a single OLPC loop are used.

Proposal 3: It is proposed that a 15 dB noise rise level should be used as baseline. A noise rise threshold of 10 dB and 20 dB should be optional (used as sensitivity analysis).
Proposal 4: The baseline scenario should have interference suppressing receivers deployed (Type 3i).
Proposal 5: Structures with both 2 and 4 receive antennas should be considered in the UL MIMO evaluations.
Proposal 6: The serving Node-B is responsible for deciding the rank and pre-coding vectors.
Proposal 7: It is proposed that RAN1 should agree on how the cell isolation should be modelled. 
Proposal 8: If 2D antennas in combination with a fixed parameter describing the cell isolation are used, the mobility downlink measurement should not take the cell isolation into considerations.
As an alternative to running full-blown system simulations it could also be possible to run more detailed link level simulations. It is proposed that RAN1 discuss the merits and complexity of the two approaches and agree on a way forward.
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