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Progress Report since the last TSG (for all involved WGs):

It was agreed in TSG-RAN#28 to restart the work on MIMO for 6 months period to show benefits/gains against new reference receivers. It was agreed that new proposals for MIMO schemes can be presented in the WG1 meeting following TSG-RAN#28, and then the rest of the 6 months period will be dedicated to prove the gains of MIMO. A conclusion on the way forward will be taken by December 2005.

So far, only RAN WG1 has resumed the work on MIMO. To support the decision on the way forward in December 2005, details on intermediate steps have been agreed by RAN WG1 in R1-051015, whereby the simulation assumptions for proving MIMO benefits are outlined in R1-050979.

RAN WG1#42bis:

During RAN WG#42bis in San Diego a MIMO ad hoc was held parallel to the main WG1 session and discussed the simulation assumption and scenarios to be considered in assessing the MIMO gain. The following basic assumptions were agreed:

1. Agreement on Scenario to be considered

· Marco cellular

· Micro cellular with proper modelling of outdoor to indoor penetration loss

· 500m ISD assumed.

· Micro cellular without additional isolation agreed.

· Micro cellular with additional isolation e.g. 6dB optional. 

2. Agreement on Population of MIMO UEs

· 100% only (only for evaluation purpose till November.)

3. Agreement on Max available power for HS-PDSCH for FDD

· 50% agreed

· 75% optional 

· Assume that the amount pilot power exceeding 10% is taken from data power. 

· Pilot power in case of 1 or 2 tx antennas is 10% of total power. In case of more than 2 tx antennas, 10% for primary legacy channels. Between 0% and 10% for the pilots for antennas 3 and 4. 

4. Agreed that SCM for system simulation to be used.

5. Agreement on # of tx antennas per site 

· Each company can choose among 3, 6, or12

6. Agreement on feedback delay

· For FDD CQI carried on e.g. HS-DPCCH, 3 TTIs between end of measurement (e.g TTI=1) and the beginning of its corresponding HS-PDSCH transmission (e.g. TTI=5).

· Any other feedback related to a MIMO scheme should be modelled to have a realistic (non-zero TTI) feedback delay.

7. Agreement on Feedback error ratio 

· Coded feedback: Model information bit error ratio (after decoding) as 0.2% which is assumed to correspond to 4% raw bit error ratio. (This calculation is based on channel coding rate = 1/4 which is the case for Rel-5 CQI reporting for FDD.)

· Calculate the word error ratio from the information bit error ratio, and select randomly a wrong word when the word error occurs.

· Uncoded feedback: 4% raw bit error ratio assumed.

8. Agreement on HARQ

· Chase combining

· 6 HARQ processes with up to 4 transmissions.

9. Agreement on ACK/NACK signalling error ratio

· NACK -> ACK error rate = 10^-4 in non-SHO and 10^-3 in SHO

· ACK -> NACK error rate = 10^-2

10. Agreed UE speeds

· Macro cellular

· 3km/h mandatory

· Either 30km/h or 50km/h optional

· Only 3km/h for micro cellular

11. Agreement on Maximum C/I

· 20 dB mandatory

· 17 dB optional 

12. Agreement on Traffic model

· Full buffer

· Web browsing

13. Agreement on Metrics

· Per cell throughput

· user throughput CDF

· fairness curve

· geometry distribution

14. Agreement on interference modelling for MIMO proposals

· Spatial interference modelling also should be taken into account for any MIMO proposals resulting in non-uniform radiation in spatial domain.

15. Agreement on Packet scheduler

· Proportional fair

16. Agreement on what reference case should be.

· 1xM LMMSE (M = 2 or 4) for comparison with N x M MIMO

· CLTD with ideal antenna verification & spatial interference modelling as an optional reference.

17. Agreement on Another possibility of additional comparison

· A company is allowed to employ advanced rx algorithms also as optional. 

18. Agreement on MIMO receiver structure

· Each MIMO proposal should clearly describe what receiver structure is required.

· Each company should provide (very) clear description of mapping from link to system.

Full list of all the simulation assumption are captured in document R1-051275. TDD simulations assumptions are captured in R1-051271.

RAN WG1#43 

In RAN WG#43 in Seoul a MIMO ad hoc was held parallel to the main WG1 session and discussed the simulation results presented by different companies based on the scenarios above or subset of these scenarios and simulation assumptions. The following papers contain simulation results:

R1-051372
System level results for MIMO HSDPA with full buffer traffic
Texas Instruments

R1-051377
System Simulations and Way Forward for W-CDMA MIMO
Motorola

R1-051435
Simulation Results by Using Increased Sectorisation for WCDMA MIMO
Nokia

R1-051436
MIMO system level simulation results
Nokia

R1-051469
Further simulation results for STTCC
Philips
R1-051508
System evaluation for MIMO-WCDMA
Qualcomm Europe

R1-051509
Proposed conclusion for the MIMO-WCDMA work item study phase
Qualcomm Europe

R1-051544
System level simulation results for MIMO
Ericsson
R1-051575
Further MIMO system level simulation results
Nokia

R1-051539
Per-Antenna Rate Control for UTRA TDD: Additional system Level Results
IPWireless

The % gain in site throughput results from different companies are collected in a spreadsheet in Annex A for the following cases:

· 2x2 PARC vs 1x2 LMMSE 3 sector case:

· Higher sectorisation vs 1x2 LMMSE 3 sector case

· 4x4 PARC vs 1x4 LMMSE 3 sector case

· Higher sectorisation vs 1x4 LMMSE 3 sector case

· 2x2 PARC vs 1x2 LMMSE 6 sector case

Highlights of the main simulation assumptions are also included in Annex A.  

It can be seen from the results that MIMO gains with respect to the 1×n 3 sector LMMSE case vary with the ability to achieve sufficiently high SINR with high probability, i.e. isolated cells, light load, indoor scenarios.  

Successive interference cancelling receivers that can reject inter-stream interference have been reported to help in achieving larger gains when a large fraction of cell power is used for HS-PDSCH.  However, concerns were expressed by some companies on the complexity of these types of receivers for FDD and on their performance when assumptions vary from those used so far (e.g. when a smaller fraction of power is used for HS-PDSCH).but these concerns are not shared by  all companies. 

Way Forward:
There were two views expressed in RAN WG1 each supported by multiple companies on how to proceed with the MIMO work item. 

First view:

· Continue and complete the MIMO work item in a timely fashion
· Focus on standardization of a spatial multiplexing MIMO scheme with separately encoded streams
· Initial focus on standardisation of a MIMO scheme with two transmit antennas, possibility to extend to four at a later stage
· Minimize the impact on the existing physical layer specifications by reusing existing structures to the largest possible extent (e.g. reuse existing CQI reporting formats, reuse FBI bits, reuse existing ACK/NACK formats)
Second view:

There are no substantial potential MIMO gains over antenna technologies already available in Rel-6 for Rel-7 in typical WCDMA scenarios.

Note that for TDD MIMO all simulation results presented showed gain and there were no explicit views expressed specifically against TDD MIMO. It is not clear if the above 2nd view implies only FDD or both FDD and TDD.
List of Completed elements:

· Requirements

· Link level channel model

· System level channel model 

· Simulation methodology

· Simulation assumptions (subject to email approval)

· Description of MIMO proposals
List of open issues: 

· Evaluation of MIMO proposals

· Impacts to UE and UTRAN implementation.

· Impacts to physical layer operation.

· Conclusion

Estimates of the level of completion:

65% (in RAN WG1)
WI completion date review resulting from the discussion at the working group:

Pending the decision on TSG-RAN#30, Dec., 2005, (in line with target date agreed in TSG-RAN#28).
References to WG's internal documentation and/or TRs:

See Tdocs mentioned above.
Annex A: collection of the simulation results
	2x2 PARC vs 1x2 LMMSE 3 sector case: % gain in site throughput

	FDD
	HCR TDD

	
	Ericsson
(R1-051544)
	Motorola
(R1-051377)
	Nokia
(R1-051436 & 051575)
	Qualcomm
(R1-051508)
	TI
(R1-051372)
	IPWireless
(R1-051539)

	improvement per
	site/sector
	site/sector
	antenna
	site/sector
	antenna
	site/sector
	site/sector
	antenna
	site/sector

	Macro
	20%
	23 to 30%
	(-35) to (-38)%
	~0%
	-50%
	46
	-3%
	-51%
	28%(HTTP*),31%(FB)

	Micro w/o iso
	20%
	
	
	<12%
	< -44%
	
	5%
	-48%
	29%(HTTP*),25%(FB)

	Micro w/ iso
	40%
	
	
	N/A
	58
	n/a
	n/a

	Assumptions
	Note that the last row reflects a situation with no direct LOS component present in adjacent cells (not increased cell isolation)
SIC w/ GRAKE, full buffer, PF, 75% HS-PDSCH, offered traffice = 1, 3, 5, 10 Ues/cell, up to 12 codes
	(1) Ideal D-TxAA instead of PARC; (2) Ideal: Full Buffer; Perfect Channel Estimation, CQI, 31% and 75% HS-PDSCH, RR & PF, LMMSE, offered traffic = 20 Ues/cell, up to 5 or 12 codes
	LMMSE, full buffer, both PF & RR, 50% HS-PDSCH (I&II) and additional 75% in case II. Reults are presenting upper limit (idealistic), offered traffic = 20 Ues/cell, up to 10 codes
	75% HS-PDSCH power, 
imperfect SIC, full buffer, PF, offered traffic = 10 UEs/cell, up to 15 codes
	50% HS-DSCH, LMMSE, PF, full buffer, Offered traffic = 20 Ues/ cell, up to 10 or 15 codes
	As per R1-051271. 
* Gain for the HTTP case calculated from R1-051539 as (throughput 2x2 / resource utilisation 2x2) / (throughput 1x2 / resource utilisation 1x2), up to 12 codes, 8 slots

	
	
	
	
	
	
	

	Higher sectorization vs 1x2 LMMSE 3 sector case: % gain in site/sector throughput

	FDD
	HCR TDD

	
	Ericsson
(R1-05xxxx)
	Motorola
(R1-051377)
	Nokia
(R1-051435)
	Qualcomm
(R1-051508)
	TI
(R1-051372)
	IPWireless
(R1-05xxxx)

	improvement per
	site
	sector
	site
	sector
	site
	sector
	site
	sector
	site
	sector
	site
	sector

	Macro
	
	
	77%
	-11%
	~70%
	-15%
	75%
	-13%
	98%
	-0.10%
	n/a
	n/a

	Micro w/o iso
	
	
	--
	
	N/A
	N/A
	
	
	76%
	-12%
	n/a
	n/a

	Micro w/ iso
	
	
	--
	
	
	
	
	
	n/a
	n/a
	n/a
	n/a

	Assumptions
	
	(1) 6 Sectors; (2) Ideal: Full Buffer; Perfect Channel Estimation, CQI, 75% HS-PDSCH, RR, LMMSE, offered traffic = 20 Ues/cell, up to 5 or 12 codes
	LMMSE, full buffer, both RR, 40% HS-PDSCH, offered traffic = 10 Ues/cell, up to 10 codes
	75% HS-PDSCH power, 
imperfect SIC, full buffer, PF, offered traffic = 10 UEs/cell, up to 15 codes
	50% HS-DSCH, LMMSE, PF, full buffer, Offered traffic = 10 Ues/ cell, up to 10 or 15 codes
	

	
	
	
	
	
	
	

	4x4 PARC vs 1x4 LMMSE 3 sector case: % gain in site throughput

	FDD
	HCR TDD

	
	Ericsson
(R1-051544)
	Motorola
(R1-051377)
	Nokia
	Qualcomm
(R1-051508)
	TI
(R1-051372)
	IPWireless
(R1-051539)

	improvement per
	site/sector
	site/sector
	antenna
	site/sector
	site/sector
	site/sector
	site/sector

	Macro
	60%
	45%
	-64%
	N/A
	72%
	n/a
	56%(HTTP**),45%(FB)

	Micro w/o iso
	40%
	
	N/A
	
	n/a
	55%(HTTP**),50%(FB)

	Micro w/ iso
	160%
	
	N/A
	112%
	n/a
	n/a

	Assumptions
	Note that the last row reflects a situation with no direct LOS component present in adjacent cells (not increased cell isolation), other assumptions are the same as the 2x2 PARC case, up to 12 codes
	(1) Ideal D-TxAA instead of PARC; (2) Ideal: Full Buffer; Perfect Channel Estimation, CQI, 31% HS-PDSCH, RR, LMMSE, offered traffic = 20 Ues/cell, up to 5 or 12 codes
	N/A
	65% HS-PDSCH power
imperfect SIC, full buffer, PF, offered traffic = 10 UEs/cell, up to 15 codes
	
	As per R1-051271.
** Gain for the HTTP case calculated from R1-051539 as (throughput 4x4 / resource utilisation 4x4) / (throughput 1x4 / resource utilisation 1x4), up to 12 codes, 8 slots

	
	
	
	
	
	
	

	Higher sectorization vs 1x4 LMMSE 3 sector case: % gain in site/sector throughput

	FDD
	HCR TDD

	
	Ericsson
(R1-05xxxx)
	Motorola
(R1-051377)
	Nokia
	Qualcomm
(R1-05xxxx)
	TI
(R1-051372)
	IPWireless
(R1-05xxxx)

	improvement per
	site
	sector
	site
	sector
	site
	sector
	site
	sector
	site
	sector
	site
	sector

	Macro
	
	
	206%
	-23%
	N/A
	N/A
	
	
	n/a
	n/a
	n/a

	Micro w/o iso
	
	
	
	
	N/A
	N/A
	
	
	n/a
	n/a
	n/a

	Micro w/ iso
	
	
	
	
	N/A
	N/A
	
	
	n/a
	n/a
	n/a

	Assumptions
	
	(1) 12 Sectors; (2) Ideal: Full Buffer; Perfect Channel Estimation, CQI, 31% HS-PDSCH, RR, LMMSE, offered traffic = 20 Ues/cell, up to 5 or 12 codes
	N/A
	
	
	

	
	
	
	
	
	
	
	
	
	
	
	
	

	2x2 PARC vs 1x2 LMMSE 6 sector case: % gain in site throughput

	
	
	
	Motorola
	
	
	Qualcomm
(R1-051508)
	
	
	
	

	improvement per
	
	
	site/sector
	antenna
	
	
	site/sector
	
	
	
	

	Macro
	
	
	24%
	-38%
	
	
	41%
	
	
	
	

	Assumptions
	
	
	(1) Ideal D-TxAA instead of PARC; (2) Ideal: Full Buffer; Perfect Channel Estimation, CQI, 31% HS-PDSCH, RR, LMMSE, offered traffic = 20 Ues/cell, up to 5 or 12 codes
	
	
	75% HS-PDSCH power, 
imperfect SIC, full buffer, PF, offered traffic = 10 UEs/cell, up to 15 codes
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