TSG-RAN WG4 Meeting #46
R4-080146
Sorrento, Italy, February 11th  – 15th , 2008

Agenda Item:
6.11
Source: 
Ericsson
Title:
CQI simulation assumptions 64 QAM + MIMO
Document for:
Discussion
1. Introduction
64QAM+MIMO is to be added to relevant RAN4 specifications for Rel. 8. One of the issues that need further discussion is the matter of specific CQI requirements for 64QAM + MIMO. 

Judging from discussions in an Ad-Hoc meeting regarding CQI requirements that was held during RAN4 #46, there seems to be a few open issues regarding the way forward.  

2. Overview 
CQI reporting requirements involves testing three basic characteristics of the reporting mechanism:

1. Variance

2. Bias

3. Dynamics, (avoiding excessive filtering)

When it comes to verifying bias, there seems to be consensus that it would be possible to add a static test case for MIMO+64QAM capable UEs. However, when it comes to testing variance and dynamics, there are a two main options being discussed. 
The first alternative is the testing methodology for testing MIMO UEs from categories 15-18, which, (for dual stream CQI report testing), uses an approach where the UE is subject to a fading channel that is matched to a randomly selected precoding vector. CQI reports indicating CQImedian and CQImedian + X are collected separately and requirements on their associated BLER are set. Because of the properties of the specific channel model, dual-stream testing can be made independently for each stream. One major drawback of alternative one is that it is unclear whether the dynamics of the CQI reporting mechanism is tested sufficiently.

The second alternative is a new approach to specify CQI requirements that has been discussed in [1]-[4], which uses an approach where the UE is subject to a varying geometry. The test approach has so far mostly been discussed for non-MIMO testing, but suggestions on how to modify the test to also be applicable to MIMO dual stream testing has been suggested in e.g [8]. The major benefit of alternative two is that it is designed to fail CQI reporting algorithms that use excessive filtering.

Issues regarding impairments in test equipment, that would be applicable to both of the test methods above have been raised in [8], where it is shown that the independence of the streams might be partially lost in case impairments in the measurement setup are too large.

3. Proposed way forward
In RAN #38, a status report was presented where it can be seen that the work in all working groups involved except RAN4 is finalized[9]. The current schedule is for the workitem for 64QAM+MIMO to be finished before RAN#39 in March. 

In order to avoid further delays in the finalization of the work-item, it is our view that further work in this area is needed between RAN4 #46 and RAN4 #47. We therefore believe that simulation assumptions to start evaluating the possible requirement alternatives should be settled in RAN4 #46.
This document proposes simulation assumptions to be used for evaluation of requirements for bias, as well as requirements for variance and dynamics according to alternative 2.  
Although there are known issues regarding impairments in the test setup, we believe that such issues need to be investigated in parallel to the evaluation of possible requirement alternatives, in order not to slow down the progress of the work-item.

4. Dual Stream Simulation assumptions
The tests are to be performed in the already defined MIMO dual stream propagation conditions as defined in [6], but using a fixed precoding, amplitude and phase.
4.1. Dual stream CQI variance requirement
The purpose of this test is to ensure that the variance of the CQI report is sufficiently low, while verifiying that the UE is not using excessive filtering that would violate the CQI definition of a 3-slot reference period‎[7]. 
· Initially the CQI statistics, for each stream, are collected from the UE under consideration to get the median CQI at 
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= (2 levels.. Let’s define CQI median values at (1 and (2 geometry values, be M1 and M2 respectively. These values ((1, (2, M1 and M2) shall be used later in the test as explained further.  
· The test equipment varies the radio condition periodically by varying geometry figures (
[image: image3.wmf]ˆ

/

oroc

II

). The varying geometry is accomplished by varying the Ioc.
· The CQI performance will be measured at the two 
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levels, i.e. at (1 and (2. The performance measure could be that the reported CQI median at a given 
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level is within a certain limit.
· The UE should be configured to report only type A CQI reports.

· Because of the properties of the MIMO dual stream propagation channel, the test can be performed for each of the streams independently.

· Because of the properties of the MIMO dual stream propagation channel, the CQI reporting mechanism should normally select dual stream as the preferred mode for the high geometry. For the low geometry the percentage of single stream reports might be higher which is something that needs to be further evaluated and discussed.

· Whether or not requirements on maximum percentage of single stream reports should be set is to be evaluated and further discussed.

· Ways to ensure that the CQI reports at the high and low levels represents SNR levels sufficiently far apart should be investigated. 
The above methodology is illustrated in figure 1. The figure shows periodic variation of 
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between two well defined levels: very high 
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 ((1) and very low 
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 ((2). As can be seen there are two time durations called Tdelay and Tmeasure defined in the figure. Tdelay is the time that is needed for the CQI estimation algorithm to stabilize. Tmeasure is the time during which measurements are collected. Measurements are collected from all the TTIs during Tmeasure and is compared to M1 and M2 respectively. The fraction of CQI reports that exceed the range of M1 ( (, (or M2( () is to be simulated and it is expected that the requirement is defined by selecting an appropriate fraction corresponding to a certain (. Due to limitations in the measurement equipment, the actual requirement will include a third time duration called Tsettle. CQI reports corresponding to Tsettle should be disregarded. Since Tsettle is a “guard” period for measurement equipment limitations, the simulations should not include this time period.

Detailed ranges to be investigated in simulations are proposed in Table 1.
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Figure 1: Periodic variation of 
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 to test CQI performance in deterministic manner
Table 1 Parameter range for 64-QAM+MIMO dual stream variance test.
	Parameter
	Test 1
	Test 2
	Test 3
	Test 4
	Comments

	(1
	15
	18
	15
	18
	

	(2
	5
	8
	5
	8
	

	Tmeasure
	9
	9
	8
	8
	

	Tdelay
	2
	2
	3
	3
	

	Tpulse
	11
	11
	11
	11
	The requirement will include a Tsettle of 1 TTI, making the pulse duration in the requirement 12 TTI. Tsettle should not be included in simulations since the actual step might occur at the end of Tsettle.

	(
	[1,2,3]
	[1,2,3]
	[1,2,3]
	[1,2,3]
	


4.2. Dual stream CQI bias requirement

The purpose of this test is to verify that the reported CQI corresponds to a HS-DSCH transport format that would result in a BLER close to 10%. Similar test-cases exist already for single link at various Ior/Ioc levels. The proposed additonal test case would add a test point at Ior/Ioc of [15-18] dB, for MIMO mode.
· Initially the CQI statistics are collected from the UE under consideration to get the median CQI at 
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= (.  Let’s define CQI median values at (  to be M. These values (( and M ) shall be used later in the test as explained further.  

· The test equipment transmits the transport format corresponding to CQI (M +  ( ).
· BLER statistics are collected for a few different positive and negative (, as specified in Table 2.
· The requirement could be defined in a similar way as for previous AWGN tests specified in section 9.3.1.1 of ‎[6].
· The UE should be configured to report only type A CQI reports.

· Because of the properties of the MIMO dual stream propagation channel, the test can be performed for each of the streams independently.

· Because of the properties of the MIMO dual stream propagation channel, the CQI reporting mechanism should normally select dual stream as the preferred mode. It might therefore make sense to disregard the instances when single stream is selected. It could further be considered to set a requirement on the maximum percentage of preferred single stream reports.
Table 2 Parameter range for 64-QAM + MIMO dual stream bias test.
	Parameter
	Range to investigate
	Comment

	(
	[15, 18]
	

	(
	[-3, -2, -1, 0, 1, 2, 3] 
	


5. Single Stream Simulation Assumptions
The tests are to be performed in the already defined MIMO dual stream propagation conditions as defined in [6], but using a fixed precoding, amplitude and phase.
5.1. Single Stream CQI variance requirement

The simulation assumptions are the same as for the dual stream requirement (See section ‎4.1) with the following exceptions:

· The UE should be configured to report 50% type A CQI reports and 50% type B CQI reports.

· Because the channel is rank 1, the CQI reporting mechanism should normally select single stream as the preferred mode. It might therefore make sense to disregard the instances when dual stream is selected. It could further be considered to set a requirement on the maximum percentage of preferred dual stream reports.
Detailed ranges to be investigated in simulations are proposed in Table 3.

Table 3 Parameter range for 64-QAM+MIMO single stream variance test.

	Parameter
	Test 1
	Test 2
	Comments

	(1
	10
	10
	

	(2
	0
	0
	

	Tmeasure
	9
	8
	

	Tdelay
	2
	3
	

	Tpulse
	11
	11
	The requirement will include a Tsettle of 1 TTI, making the pulse duration in the requirement 12 TTI. Tsettle should not be included in simulations since the actual step might occur at the end of Tsettle.

	(
	[1,2,3]
	[1,2,3]
	


5.2. Single Stream CQI bias requirement

The simulation assumptions are the same as for the dual stream requirement (See Section ‎4.2) with the following exceptions:

· The UE should be configured to report 50% type A CQI reports and 50% type B CQI reports.

· Because the channel is rank 1, the CQI reporting mechanism should normally select single stream as the preferred mode. It might therefore make sense to disregard the instances when dual stream is selected. It could further be considered to set a requirement on the maximum percentage of preferred dual stream reports.
Table 4 Parameter range for 64-QAM + MIMO single stream bias test.
	Parameter
	Range to investigate
	Comment

	(
	[10]
	

	(
	[-3, -2, -1, 0, 1, 2, 3] 
	


6. Proposed Timeplan
Telephone conference, end of March 2008 
To progress the work, it is suggested that a telephone conference is arranged, where preliminary results and further discussions can be held. Detailed dates are to be agreed further.
RAN WG4 #47 May 5th – 9th
Ideal simulation results. Discussion and agreement on final requirement based on ideal results.
7. References
[1] R4-071689, “Simulation Results for CQI under Periodically Varying Radio Conditions”
[2] R4-070268, “LS to RAN WG4 on CQI reporting behaviour”, RAN WG#5.

[3] R4-070598, “A Proposal to Improve CQI Requirements”, Ericsson.

[4] R4-072164, “LS on Power Switching for CQI Reporting”, R5-073378 Source: TSG RAN WG5, To: TSG RAN WG4

[5] R4-071945, “CQI requirements for 64 QAM”, Ericsson

[6] TS 25.101, “User Equipment (UE) radio transmission and reception (FDD)”
[7] TS 25.214, “Physical layer procedures (FDD)”
[8] R4-080274, “CQI report testing for MIMO HSDPA in static channel conditions”, Nokia

[9] RP-070817, “Status Report for WI to TSG, Combination of 64QAM and MIMO for HSDPA”
8. Appendix: Detailed Simulation Assumptions

Table 5 Detailed simulation assumptions 
	Parameter


	Assumption

	Chip rate
	3.84 Mcps

	HS-DSCH fixed reference channel
	TBS according to median of reported CQI values M1 and M2 (during test warm up) 

	HSDPA control channels present
	4 HS-SCCH channels using OL TD

	DL DPCH reference channel
	Simulated as a part of OCNS.

	Channel estimation
	The location of the single path delay of the channel is known a-priori to the receiver, but the channel tap values (i.e. the complex coefficient associated with each multi path component) are estimated by the receiver.

	RX AGC
	Off

	Number of bits in A/D converter
	Floating point

	Number of samples per chip (P) for channel synthesis
	P=2 – i.e. 2 samples per chip at input to the receiver

	Channel ray mapping
	Path delay for the channel should be aligned with one of the sampling points on the Tc/P raster.

	SRRC pulse shaping
	On

	Propagation channel type
Dual stream tests
	MIMO propagation conditions (Dual or Single stream), with varying geometry according to Figure 1.

	Propagation channel update rate
	At least every 16 chips

	HS-PDSCH Pilot-Data Ratio
	Estimated

	Max number of transmissions per H-ARQ process
	1

	RV sequence 
	{0} 

	ACK/NACK feedback error rate
	0%

	Antenna feedback error rate
	0%

	Turbo decoding
	MaxLogMap – 8 iterations

	Primary Scrambling code
	S_dl, 0 as given in 25.213v5.3.0

	SCH
	On, (Scrambling code Group 0)

	Secondary SCH pattern
	According to Scrambling code Group 0 given in Table 4 of 25.213v5.3.0

	Receiver structure
	Enhanced receiver type 3 MIMO version as specified in (R4-061370)

	Number of UE antennas
	1

	Simulation length for warm up period
	5000 TTI

	Simulation length for testing phase
	5000 TTI


Table 6 Power settings
	Parameter


	Assumption

	P-CPICH Ec/Ior
	-10 dB

	P-CCPCH / SCH Ec/Ior
	-12 dB 

	PICH Ec/Ior
	-15 dB 

	HS-SCCH_1
	-15 dB

	HS-PDSCH accumulated Ec/Ior
	-1.5 dB

	OCNS
	Rest to fill up Tx power to one. 
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