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2 Introduction

MIMO system simulation scenarios set up has been discussed in the last two RAN1 meetings [4]

 REF qualcomm_36 \h 
 \* MERGEFORMAT [6]

 REF telia_36 \h 
 \* MERGEFORMAT [5][7].  Several parameters were specified in [4], while some were left as FFS. 
General discussion also indicated that the performance of MIMO should be compared with a reference non-MIMO (e.g, HSDPA) system, and that the performance gains of MIMO in terms of increased coverage, higher peak rates, and greater system capacity should be quantified.  It is also well accepted that the spatial channel model (SCM) [1], should be used to define as many of the system simulation parameters as possible. Proposals were also made in the previous meetings to enhance the simulation scenarios by including UE distributions, mobility distributions, etc [4]. 
This document attempts to define a common framework of parameters and their settings for MIMO system simulations, and for comparing these with reference systems. The aim is to specify, to the extent possible, in one single place all the relevant parameters and their values. These may be used to refine Annex A of [3].

The following provides a summary and outline of the proposal.
1. A comprehensive list of basic parameters (common to MIMO and non-MIMO UEs and Node Bs) has been tabulated in Table 1 in Section 2. The values of these parameters are as specified in the SCM, previous HSDPA system simulations [2], and the current version of the MIMO TR 25.876 [1]. Making this the baseline list will enable an objective evaluation of the benefits of MIMO, and whether the proposals meet the three goals of increasing coverage, capacity, and peak rates. A list of MIMO specific parameters is discussed in Table 2 in Section 3. This list is short given that several MIMO specific parameters have already defined and characterized in the SCM. 
The tables also demonstrate that the values for most of the simulation parameters have already been specified, with few remaining with values as FFS. 
2. The data traffic model is specified in Table 3, and is the same as that used for HSDPA system evaluations. Given the higher rates achievable by MIMO, a faster traffic source may need to be considered. Other traffic models such as infinite arrival rate model (all UEs always have packets to transmit), streaming, video downloads, may be also considered. However, in the interest of speed, not all of these should be mandatory.
3. The UE mobility model is discussed in Section 5. We propose that the performance of all the schemes should at least be evaluated for the baseline scenarios where the UEs are travelling at the same speed. Three speeds may be considered: 3kmph, 30 kmph, and 120 kmph, with performance optimisation being done for 3 kmph and 30 kmph. 
Given that the UE mobility distributions can take a continuum of realistic values, specifying two or three scenarios for performance evaluation may prove insufficient and misleading. Therefore, semi-analytical evaluation techniques should be used to evaluate system performance given the results from the above basic simulations. 
4. The packet schedulers for MIMO are discussed in Section 6. Given that MIMO enables the transmission of multiple streams simultaneously, and fact that the C/I itself depends on the individual MIMO proposal, the Max C/I scheduler conventionally used for HSDPA system simulations has been replaced by the Max-Net-Rate scheduler. The algorithm for estimating the net rate shall be specified in enough detail so as to be verifiable by others. The description of the RR scheduler remains unchanged [2].
3 Basic Simulation Parameters
Table 1
	Parameter
	Value
	Comments/Description

	Cellular layout
	Hexagonal grid, 3-sector sites
	Cell layout picture to be provided. Performance metric evaluation done by:

Center cell performance uses at least 19 cells to be used. 

Global average may be used with cell wrapping.

	Site to Site distance
	As recommended in the SCM
	Section 5.2

Urban microcell:  1 km

Urban macrocell:  3 km

Suburban macrocell:  3 km

	Propagation model
	As specified in the SCM
	Section 5.2

	CPICH power
	-10 dB
	

	Other common channels
	-10 dB
	

	Power allocated to HSDPA transmission, including associated signalling
	Max. 80 % of total cell power
	

	Slow fading
	As specified in the SCM
	Table 5.1

	Std. deviation of slow fading
	As specified in the SCM
	Table 5.1 

	Shadowing correlation between sites
	As specified in the SCM
	Section 5.2 (0.5)

	Correlation distance of slow fading
	As specified in the SCM
	Section 5.1 (Shadowing is uncorrelated between UEs)

	Carrier frequency
	1900 MHz
	

	BS antenna gain pattern
	As specified in the SCM
	Section 4.5.1

	UE antenna gain
	As specified in the SCM
	Section 4.6.1 (-1 dBi)

	LOS model
	As specified in the SCM
	Section 5.5.3 

	NLOS multipath model
	As specified in the SCM
	Time dispersion statistics specified in Table 5.1

	UE noise figure
	9 dB
	

	Max. number of retransmissions
	Specify the value used
	Fast HARQ retransmissions


	Fast HARQ scheme
	Chase combining
	

	BS maximum total Tx power
	43 dBm
	

	Active set size
	3
	Maximum size

	Fast Fading model
	As specified in the SCM
	Section 5.4

	Antenna configurations
	(1,1), (2,1), (2,2)
	Baseline system: 2 transmit antennas only for STTD open-loop transmission and Mode 1 or 2 closed-loop  transmit diversity

	BS antenna gain
	14 dBi
	

	UE antenna gain
	-1 dBi
	

	UE reference speeds
	3 kmph, 30 kmph, and 120 kmph
	

	
	
	

	Pilot powers (2 transmit antenna case)
	10% of total downlink power
	

	MCS update rate
	Once per sub-frame
	

	CPICH measurement transmission delay
	1 sub-frame
	

	Std. dev. of CPICH measurement error
	0 dB, 3 dB
	

	Fast HARQ feedback error rate


	0%, 1%
	HSDPA false detection requirements:

ACK->NACK: < 1%

NACK->ACK: < 0.1 %

	CPICH measurement rate
	Once per sub-frame
	

	Number of codes reserved for HSDPA transmission
	15
	

	FBI feedback rate
	1 bit/slot
	Rate: 1.5 kbps

	Fractional received power
	0.98
	


4 MIMO Specific Assumptions
Table 2 
	Parameter
	Value
	Comments/Description

	CQI feedback delay
	7 slots
	

	Reference antenna configurations
	(2,2), (2,4), (4,2), and (4,4)

	The configurations in bold are to be optimised first

	Transport block sizes
	To be specified
	

	Other parameters
	As specified in the SCM
	TR 25.996


5 Data Traffic Model

Table 3
	Process
	Random Variable Distribution
	Parameters

	Packet calls size
	Pareto with cut-off
	Α=1.1, k=4.5 Kbytes, m=2 Mbytes, μ = 25 Kbytes

	Time between packet calls
	Geometric
	μ = 5 seconds

	Packet size
	Segmented based on MTU size
	(e.g. 1500 octets)

	Packets per packet call
	Deterministic
	Based on Packet Call Size and Packet MTU

	Packet inter-arrival time

 
	Geometric
	μ = MTU size /peak link speed 

(e. g. [1500 octets * 8] /2 Mbps = 6 ms)

	Packet inter-arrival time

 (closed-loop)
	Deterministic
	TCP/IP Slow Start 

(Fixed Network Delay of 100 ms)


Other traffic models such as infinite arrival rate model (all UEs always have packets to transmit), streaming, video downloads, may be considered. Given the higher rates achievable by MIMO systems, a smaller average time between packet calls may be considered. However, these are not mandatory.

6 UE Mobility Model

To get a fair comparison between various MIMO proposals, and for comparing with the baseline reference system, it is important that the various proposals be compared at different UE speeds. To get a clear idea of the trade-offs involved and facilitate comparison of various proposals, the performance should evaluated assuming all the UEs travel at the same speed. Three reference speeds are to be considered: 3 kmph, 30 kmph, and 120 kmph. UE speed is mobile feature and release compatibility independent. As specified in the SCM, the velocity orientation, chosen at the start of simulation, is uniformly distributed between 0 degrees and 360 degrees.

Using multiple dynamic UE mobility models will generate results that are within the ‘boundaries’ of the performance manifold obtained by appropriately mixing the results from the three static UE speed models specified above. The net performance clearly depends on the percentage of mixtures used, with no mixture being arguably typical and likely to lead to a clear picture. Therefore, this calculation is best left to semi-analytical methods that use the results from the above baseline simulations. Such methods have been suggested earlier for HSDPA system simulations, as well.

7 Packet Scheduler

Multiple types of packet schedulers may be simulated. However, initial results may be provided for the two simple schedulers provided below that bound performance. The first scheduler (maximum net rate based) provides maximum system capacity at the expense of fairness, because all sub-frames can be allocated to a single user with good channel conditions. The Round Robin (RR) scheduler provides a fairer sharing of resources (sub-frames) at the expense of a lower system capacity.

Both scheduling methods obey the following rules [2]:


An ideal scheduling interval is assumed and scheduling is performed on a sub-frame by sub-frame basis.


A queue is 'non-empty' if it contains at least 1 octet of information.


Packets received in error are explicitly rescheduled after the ARQ feedback delay consistent with the HSDPA definition.


A high priority queue is maintained to expedite the retransmission of failed packet transmission attempts. Entry into the high priority queue will be delayed by a specified time interval (e.g., 5 sub-frame intervals) to allow for scheduler flexibility.
 If the packet in the high-priority queue is not rescheduled after a second time interval (e.g., a 10 sub-frame interval) it is dropped.


Packets from the low priority queue may only be transmitted after the high-priority queue is empty. 


Transmission during a sub-frame cannot be aborted or pre-empted for any reason

The Max-Net-Rate scheduler obeys the following additional rules, similar to those specified for the Max C/I scheduler: 


At the scheduling instant, all non-empty source queues are rank ordered by the scheduler based on the estimated net rate of transmission during a sub-frame. Net rate is defined as the sum of the rates achievable by the individual streams spatially multiplexed. The algorithm for estimating the net rate shall be specified in enough detail so as to be verifiable by others. Estimation may be based on CPICH measurement info, MCS levels may directly be fed back by MIMO UEs themselves.


The scheduler may continue to transfer data to the UE with the highest net rate until the queue of that UE is empty, data arrives for another UE with higher net rate, or a retransmission is scheduled taking higher priority. 


Both high and low priority queues are ranked by net rate.

The RR scheduler obeys the following rules [2]:


At the scheduling instant, non-empty source queues are serviced in a round-robin fashion.


All non-empty source queues must be serviced before re-servicing a user. 


Therefore, the next sub-frame cannot service the same user as the current sub-frame unless there is only one non-empty source queue.
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Figure � SEQ Figure \* ARABIC �1�: Transmitter Structure for DSTTD-SGRC
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� The delayed entry into the high priority queue can be used to reduce compulsory retransmission of a single packet.  A fast retransmission mechanism, such as N-channel stop-and-wait ARQ, would provide one packet to the high priority queue if the delayed entry mechanism were not provided.  As a result, this single packet would be retried in lieu of all other packets regardless of the channel conditions. Note that the case when retransmitted packets always have priority over new transmissions is included in this description as a special case.
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