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1. Introduction and Background

As stated in [1], the impact of MIMO techniques on non-MIMO UEs shall be evaluated in the MIMO WI and it should be clarified that ‘MIMO techniques have no significant negative impact on features available in earlier releases’.

First quantitative results of a compatibility study are already available in [2]. They evaluate the impact RC-MPD MIMO transmissions have on the DCH demodulation performance.

In [3], it is proposed to extend the compatibility evaluation to all procedures that are crucial for the system performance and to develop an evaluation methodology that models the impact of MIMO transmissions on these procedures. As agreed at RAN1 #36, this contribution proposes an evaluation methodology and includes a text proposal for TR25.876 covering this issue.

2.  Comments on Evaluation Methodology for MIMO Systems
In general, several effects have to be modeled by the MIMO evaluation methodology which are often not covered by SISO studies.

· The increased variance of the intercell interference due to beamforming components in some MIMO proposals has to be modeled.

An HSDPA UE hit by an intercell beam in one TTI will report a low SNR but might see a much better channel when it is served and vice versa. For UEs with a DCH service, the power control algorithm might not be able to track the channel accurately resulting in capacity losses. 

The variance of all measurements needed to trigger e.g. handover algorithms will also be affected. 

· Receivers with interference cancellation algorithms exploit the structure of the intercell as well as intracell interference. In order to investigate the impact on these UEs, the structure of the intracell as well as the intercell interference has to be modeled.

· It is stated in [1] that the best available receiver at the time of the MIMO introduction shall be used as reference for the performance evaluation. Receive diversity UEs with at least two receive branches will be available. Since they exploit the spatial structure of the intercell interference, i.e., by using nulling techniques, the evaluation methodology must be able to model these gains.

3. Compatibility Study
In the MIMO system level evaluations, scenarios with a mix of Rel.99 UEs with voice traffic, Rel.5 UEs with HSDPA traffic, and MIMO UEs with traffic on the DCH or HS-DSCH using MIMO shall be considered ([4], Table A2.1.5).

For the compatibility evaluation, we focus on Rel.99 and Rel.5 victim UEs that have no knowledge of the MIMO techniques used. 

In contrast to the evaluation of the achievable performance gain by introducing MIMO techniques that shall be based on system level simulations ([5]), the objective of the compatibility study is to verify that the performance of essential procedures is not degraded. If link level simulations for representative scenarios do not show any degradation of the performance of these procedures, we can assume that system level simulations will also not show a degradation. If, however, a degradation of the performance or accuracy of certain procedures is shown in the link level simulations, these effects have to be modeled in system level simulations. 

The impact of MIMO transmissions on legacy UEs can be classified by the receiver operation on the effected physical channels. We have to consider two cases: 

· The impact of MIMO transmissions on the demodulation performance for the DPCH or HS-PDSCH received by the victim UE.

· The impact of MIMO transmissions on estimation and measurement procedures that can affect the system performance but that do not directly affect the demodulation performance.

The effect of the MIMO transmissions on measurements procedures like the channel quality estimation for HSDPA and MIMO HSDPA on the CPICH, the SNR estimation for the DPCH power control on the DPCH pilot symbols, and the channel estimation is captured by the demodulation performance for the DPCH and the HS-PDSCH. 

It is essential that these algorithms are explicitly simulated in the link simulations. A working assumption for the pilot structure at the four antennas and the power allocation to the pilots is necessary. 

However, certain measurements and procedures do not affect the demodulation performance but can have a significant impact on the overall system performance. These measurements and procedures comprise for example the synchronization and cell search, the power estimation of the CPICH employed in the hand-over procedures, and the path searcher.  Table 1 lists some of the downlink physical channels and example operations of the UE on these channels. This list is not exhaustive and not all channels listed need to be considered in the compatibility evaluation.
In order to evaluate the impact on these procedures without modeling all functionalities where these estimates and measurement reports are used, we propose to evaluate only the statistics of the matched filter output averaged over the time periods specified for the measurements. These values are logged for a MIMO and a SISO link simulation using the same channel realization. Based on a comparison of these statistics, a decision on the need of further investigations and the necessity to model the effects in a system level simulation can be done.

If there is no significant discrepancy between the statistics for the SISO and the MIMO case, we can assume that the MIMO transmission will not affect these procedures.

Although all channels might be affected, we propose to include in the compatibility simulations only the CPICH, SCH, P-CCPCH, DPCH, HS-PDSCH, and HS-SCCH. Reference channels received by the considered UE are the DPCH and the HS-PDSCH. AICH, PICH, and S-CCPCH are crucial for the system operation and might be affected especially at the cell border, however, we assume that the P-CCPCH can be used as a model for these channels.  In order to get generalizable results, we propose to consider only the SIR statistics on the P-CCPCH.
In addition, we assume that the effect of channel estimation and CQI estimation performed on the CPICH are covered by the DCH/HS-DSCH demodulation performance.
The impact of MIMO transmissions on the HS-SCCH is of course also covered by the HS-DSCH demodulation performance, however, since it can simplify the simulator setup we propose to investigate this channel explicitly. 

Table 1   Downlink Physical Channels
	Physical Channel
	Spreading 

Factor
	

	P-CPICH
	256
	Channel estimation, CQI estimation;

CPICH_Ec/N0 estimation for cell selection/reselection;

CPICH RSCP estimation for handover, pathloss calculation, open loop control

	SCH
	256 (non-orthogonal)
	Synchronization, cell search

	P-CCPCH
	256
	Detection of BCH

	S-CCPCH
	4-256
	Demodulation of PCH, FACH

	AICH
	256
	AI detection

	PICH
	256
	PI detection

	DPCH
	4-512
	Reference channel, DCH demodulation, SIR estimation for power control

	HS-PDSCH
	16
	Reference channel, HS-DSCH demodulation

	HS-SCCH
	128
	Signaling for HS-DSCH demodulation


4. Simulator Setup for Compatibility Study

In order to limit the simulations work load to a minimum, a small number of representative scenarios shall be identified. We propose to define these scenarios by the position of the UE in the cell layout.  The resulting path losses are calculated according to the agreed propagation models. Figure  shows a cellular layout as proposed in [4] and three potential UE reference positions (P1, P2, P3) in a cell belonging to Base Station 1 (BS1). 

The demodulation performance of Rel.99 DCH and Rel.5 HS-DSCH traffic has to be considered taking the structure of the intercell and intracell interference into account. For this reason, a certain number downlink signals, e.g., the three strongest received downlink signals, should be modeled explicitly whereas the interference by the other base stations can be modeled by AWGN. Figure 2 shows a potential simulator setup with three explicitly modeled downlink signals. 

In the simulator setup in Figure 2, the weights g1, g2, g3, and ga are determined according to the path losses calculated for the selected UE positions.

SCM 1,2,3 are realizations of the Spatial Channel Model according to [5]. 

The explicitly modeled downlink signals should comprise the channels transmitted in the MIMO mode (MIMO DPCH or MIMO HS-DPSCH), the  legacy channels DPCH or HS-PDSCH) received by the considered legacy UE, other physical channels necessary to support the demodulation of the legacy channels (e.g., CPICH for channel estimation), or common channels on which additional measurements and estimates are derived (CPICH, SCH). Other channels are modeled by the OCNS approach.

The simulations for the reference scenarios are run twice: with and without MIMO transmission. In both runs the statistics of the demodulation performance and the SNR on the additional channels are logged. A comparison of these statistics will allow to determine the effect of the MIMO transmission on legacy terminals.
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Some assumptions will crucially affect the outcome of these compatibility simulations. Here, agreements would help to reduce the necessary number of simulations.

It should for example be clarified whether the same or different scrambling codes are employed in each stream of a tx array antenna.
In [6], Section 5.3.1., it is stated that the P-CCPCH, the CPICH and the SCH is transmitted in a transmit diversity mode if any of the downlink physical channels is transmitted in a transmit diversity mode. What shall be assumed if MIMO transmission is used for one of the downlink channels?
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------------------------  Text Proposal for TR 25.876 ----------------------------------------------------

A.x  Compatibility Analysis

The scope of this section is to propose a methodology for the evaluation of the impact of MIMO techniques on features available in earlier releases. The objective of the compatibility analysis and simulations is to guarantee that MIMO techniques have no significant negative impact on these features. 

The compatibility analysis considers the demodulation performance of physical channels introduced in earlier releases as well as physical layer measurements and procedures that are necessary for the system operation. It is assumed that if the physical layer processing is not significantly degraded by the introduction of MIMO techniques a negative impact on higher layer procedures does not have to be expected.

The compatibility analysis is based on multi-cell link level simulations for representative scenarios where the downlink signal of three cells is modeled explicitly and the impact of other cells is modeled by AWGN. Table 2 lists the scenarios and the received power spectral densities Îor1,2,3 of the explicitly modeled downlink signals and the AWGN source with respect to Ioc. It is assumed that the considered victim UE is served by downlink DL1. Note that Îor2 +  Îor3 + Ioc_awgn=Ioc.
Table 2  Reference Scenarios for Compatibility Study

	Scenario
	Îor1/ Ioc = Îor /Ioc
	Îor2 / Ioc
	Îor3 / Ioc
	Ioc_awgn/Ioc

	1
	ffs
	ffs
	ffs
	ffs

	2
	ffs
	ffs
	ffs
	ffs

	3
	ffs
	ffs
	ffs
	ffs


In the simulation, the three explicitly modeled downlink signals are transmitted over independent spatial channel models. The models are selected according to TR25.996. All other parameters are selected according to Annex A1 and A2.
Table 3 lists the physical channels of the downlink signal for the MIMO and the non-MIMO transmission.

Table 3  Setup of explicitly modelled physical channels

	
	Non-MIMO
	MIMO

	Channel
	
	power allocation

(only antenna 1)
	
	power allocation

	
	
	
	
	Ant. 1
	Ant. 2
	Ant. 3
	Ant. 4

	Common pilot
	P-CPICH
	CPICH_Ec/Ior =

-10 dB
	4 ant pilot structure tbd
	Power allocation as defined above.

	P-CCPCH 
	
	P-CCPCH_Ec/Ior =

-12dB
	
	-12dB
	
	
	

	SCH *)
	
	SCH_Ec/Ior =

-12 dB
	
	-12dB
	
	
	

	MIMO / 

non-MIMO

HS-DSCH 
	HS-

PDSCH
	HS-PDSCH_Ec/Ior
= -4 dB
	MIMO HS-PDSCH
	HS-PDSCH_Ec/Ior = -4 dB
Equally distributed in MIMO TTIs

	
	HS-SCCH
	HS-SCCH1_Ec/Ior
= -10 dB
	MIMO 

HS-SCCH
	HS-SCCH1_Ec/Ior = -10 dB

Equally distributed in MIMO TTIs

	HS-DSCH

(reference channel)
	HS-PDSCH
	Included in MIMO/non-MIMO HS-DSCH
	HS-PDSCH
	Included in MIMO/non-MIMO HS-DSCH
	
	
	

	
	HS-SCCH
	
	HS-SCCH
	
	
	
	

	DCH **) (reference channel)
	DPCH
	test specific,

power control on
	DPCH
	test specific,
pc on
	
	
	

	OCNS
	DPCHs as defined in TS 25.101
	Necessary power so that total transmit power spectral density adds to one
	DPCHs as defined in TS25.101
	Necessary power so that total power spectral density adds to one
	
	
	


 *)  Mean power level is shared with P-CCPCH. SCH includes P- and S-SCH, with power split between both.

      P-SCH code is S_dl,0 as per TS25.213. S-SCH pattern is scrambling code group 0.
**)  12.2 Kbps DL reference measurement channel as specified in TS 25.101, A.3.1.
For each scenario in Table 2, the MIMO and the non-MIMO case shall be simulated, and the quantities as defined in Table 4 shall be logged for the victim UE.  If significant discrepancies between the results of the two cases are found, the impact of the MIMO transmission should be modeled in system level simulations. In the MIMO simulation, 50% of the UEs served by the HS-DSCH shall be non-MIMO UEs (including the considered victim UE). In order to simulate the HSDPA scheduling, logs from system level simulations could be imported into the multi-cell link level simulations.

Table 4  Estimated quantities for each scnenario
	Physical  Channel
	Estimated quantity 
	Note

	P-CPICH – Ant1
	Received CPICH_Ec, CPICH_Ec/Io
	Average over 200 ms. 

Logged for all explicitly modeled base stations.

	SCH
	Received SCH_Ec, SCH_Ec/Io
	Average over k x 10 ms, k ffs.
Logged for all explicitly modeled base stations.

	P-CCPCH
	Received P-CCPCH_Ec/Io
	Average over 10 ms

	DPCH
	DPCH_Ec/Ior @ BLER_target
	Reference channel

	HS-PDSCH
	Throughput
	Reference channel

	HS-SCCH
	1- Prob. of errorfree demodulation
	Reference channel (if not covered by HS-PDSCH demodulation performance)


Note:

· It might be necessary to evaluate the CQI estimation accuracy explicitly. The methodology for this is ffs. An option is to include a logging of the statistics of the CPICH_Ec/Io averaged over three or more slots in the compatibility analysis. 
· Different scenarios can result in the same geometry Îor/Ioc.
----------------------------- End of Text Proposal --------------------------------------------------------
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Figure 1  Cellular Layout and UE Reference Positions


















































� EMBED Word.Picture.8  ���


Figure 2  Simulator Setup for Compatibility Study
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