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1
Introduction
Recently, there has been an attempt in [1]-[3].to clarify the applicability of Tx Diversity in the case MIMO is deployed.
In particular the following questions have being asked by interested companies:
1. For non-MIMO UEs, when Tx diversity is configured on a downlink physical channel, can P-CPICH on Antenna 1 and S-CPICH on Antenna 2 be configured as a phase reference combination?
2. If Tx diversity is applied on any of the downlink physical channels allocated to a UE, under what condition should Tx diversity apply to SCH/P-CCPCH?
3. The specification (25.211, Section 5.3.3.1) clearly indicates that “In case transmit diversity is used on P-CCPCH and SCH, the CPICH shall be transmitted from both antennas using the same channelization and scrambling code.” However is the converse true? In other words, if CPICH is transmitted from both antennas using the same channelization and scrambling code, then is transmit diversity used on P-CCPCH and SCH?
4. If P-CPICH and S-CPICH are used as phase references on Antenna 1 and Antenna 2 respectively, is Tx diversity on any of the downlink physical channels allowed to a MIMO enabled UE ?

In this document, we address these questions and in particular provide some insight to the answer to Q4. In particular we raise an issue related to not configuring STTD on the HS-SCCH when a UE is configured with MIMO.
  
2
Answers to Q1-Q4
1. For non-MIMO UEs, when Tx diversity is configured on a downlink physical channel, can P-CPICH on Antenna 1 and S-CPICH on Antenna 2 be configured as a phase reference combination?
Our understanding is that the above is not allowed. When Tx diversity was introduced in Rel-99, the only phase reference combination that was applicable was a CPICH that was transmitted from both antennas using the same channelization and scrambling code. The possibility to send P-CPICH on Antenna 1 and S-CPICH on Antenna 2 was only introduced as part of the Rel-7 MIMO work item.

2. If Tx diversity is applied on any of the downlink physical channels allocated to a UE, under what condition should Tx diversity apply to SCH/P-CCPCH?
Our understanding is that the above applies only if P-CPICH is transmitted from both antennas using the same channelization and scrambling code. In other words, if P-CPICH is transmitted from one antenna and S-CPICH is transmitted from the other antenna, then there exists the possibility not to configure Tx diversity on SCH/P-CCPCH, but still configure Tx diversity on the other downlink channels such as F-DPCH, HS-SCCH, E-AGCH, E-RGCH and E-HICH.
3. The specification (25.211, Section 5.3.3.1) clearly indicates that “In case transmit diversity is used on P-CCPCH and SCH, the CPICH shall be transmitted from both antennas using the same channelization and scrambling code.” However is the converse true? In other words, if CPICH is transmitted from both antennas using the same channelization and scrambling code, then is transmit diversity used on P-CCPCH and SCH?

Our understanding is that the converse is also true.
4. If P-CPICH and S-CPICH are used as phase references on Antenna 1 and Antenna 2 respectively, is Tx diversity on any of the downlink physical channels allowed to a MIMO enabled UE?

Our understanding is that Tx diversity should be allowed to a MIMO enabled UE, if P-CPICH and S-CPICH are used as a phase reference. In fact, if Tx diversity were disallowed on HS-SCCH, while MIMO transmissions are sent on HS-PDSCH, we raise an important system performance issue due to CQI mismatch for the HS-SCCH which leads to inaccurate power control of HS-SCCH, when CQI is used for power control of HS-SCCH. 
3
Performance Benefit of HS-SCCH in STTD
The topic of transmit diversity modes on HS-SCCH was discussed in great detail [4]-[10] during 2002-2003. In the following, we cut and paste a few excerpts from some of these documents that point to a benefit of using STTD on HS-SCCH.
[5] R1-020320, “Performance of Transmit Diversity Schemes on the HS-SCCH”, Lucent Technologies
From the results presented in this document, it appears that closed loop schemes provide gains of between 1.5-3dB as compared to STTD at low speeds, in the absence of feedback errors. At medium speeds, STTD performance is much better than both STD and TxAA. Additionally, STD and TxAA schemes are susceptible to feedback errors.

Therefore, it is recommended that STTD be the chosen transmit diversity scheme for the HS-SCCH. Note that this conclusion does not hold for the HS-DSCH [5], where the use of rate control (as opposed to aiming for a target FER as is the case for SCCH) and the robustness provided by hybrid-ARQ, allow STD and TxAA to still be superior to STTD up to medium speeds.
[8] R1-030291, “Tx-diversity on HS-SCCH”, Nokia
· Performance difference between the ideal and real verification curves is approximately 1.5 dB in Modified Pedestrian A channel, and ~2.8 dB in Modified Vehicular A channel (4% FB error rate). This performance degradation is caused by the sensitiviness of HS-SCCH against undetected feedback errors.
· CL Tx-diversity even with 1% FB error rate (more realistic values are e.g. 4-10%) has remarkable problems in HS-SCCH without antenna verification. 
· STTD is overperforming CL Tx-diversity with 4% FB error rate and ideal verification in HS-SCCH (Vehicular A channel).
· One reason for the sensitiviness of HS-SCCH for the undetected feedback errors is lack of interleaving in HS-SCCH (HS-SCCH specific problem).
· As it’s well known, STTD provides good performance at 1 % BLER (which is the case on HS-SCCH).
[10] R1-030587 “Simulation results for HS-SCCH in Closed Loop Mode 1 Tx”, NEC
The conclusion is in line with those presented by other companies Error! Reference source not found., Error! Reference source not found. showing that TxAA mode 1 can significantly impair the performance of the HS-SCCH when compared to STTD.
[11] R1-030609 “Tx-diversity on HS-SCCH”, Nokia
There appears to be a consensus among companies that have been active in Tx-diversity discussions for HS-SCCH to adopt the general principle presented in CR25.211-177 [8]. In other words, when having Tx-diversity transmission in HSDPA, HS-SCCH is restricted to employ STTD, whereas other channels would employ the mode indicated by higher layers. We propose to agree on limiting HS-SCCH Tx-diversity to STTD only.
4
Tx Diversity and MIMO

In this section, we provide excerpts of some relevant Tdocs that point to the linkage between Tx diversity and MIMO.

In [13], the following agreement was made in RAN1#46-bis
Pilot: In MIMO cells there will be a primary CPICH on at least one antenna. Pilot(s) used for additional antenna(s) could be the primary CPICH modulated by the diversity pilot symbol pattern or a secondary CPICH. Each antenna will carry at least one pilot.

In the next meeting (RAN1#47), in [14], the working assumption (please see below) by all the companies included the possibility to configure Tx diversity on F-DPCH, HS-SCCH, E-AGCH, E-RGCH and E-HICH when the UE is in MIMO mode. 
It is suggested to adopt the following principle as a working assumption: When a UE is in MIMO mode the associated F-DPCH can be transmitted in STTD or with a single antenna depending on the configuration that the network chooses. Note that this therefore also applies to the HS-SCCH, E-AGCH, E-RGCH and E-HICH when the UE is in MIMO mode. An additional closed loop transmit diversity mode will not be created for F-DPCH when the UE is in MIMO mode.

Based on both these decisions that occurred in sequence, our understanding has always been that it was possible to allow P-CPICH/S-CPICH as a phase reference for a UE in MIMO mode, while simultaneously configuring Tx diversity on F-DPCH, HS-SCCH, E-AGCH, E-RGCH and E-HICH when the UE was in MIMO mode.

Also, as of today, the 25.211 specification does not exclude Tx diversity and P-CPICH/S-CPICH when the UE is in MIMO mode, and hence if an attempt is being made to exclude this combination[2], we must ensure that there is no adverse impact on any part of the system due to this exclusion.
In the next few sections, we highlight the problem of CQI mismatch which results in inaccurate power control of HS-SCCH, if Tx diversity is disallowed on HS-SCCH and the UE continues to be enabled in MIMO mode. Essentially, if CQI is used for power control of HS-SCCH, and if there is a CQI estimation error, then this can lead to inaccurate power control of HS-SCCH. In fact in [6], in the context of STTD study on HS-SCCH, the following was concluded upon:

Therefore, - STTD can be used for the HS-SCCH for all the UE speeds. Since STD and TxAA are superior to STTD for the HS-DSCH up to medium speeds, the problem of CQI mismatch for HS-SCCH has to be considered. It was shown that, in the scheduled case, CQI mismatch can cause 0.8-1.2 dB degradation in the HS-SCCH performance. Moreover, when the CQI is used for the power control of HS-SCCH, a 2 dB power margin has to be added if the HS-DSCH is not using STTD.
5
Theoretical Analysis –SNR mismatch
In order to this section, we provide some technical analysis to derive the SNR mismatch if a UE were to receive SIMO, STTD and Rank-1 or single stream MIMO transmissions from the same NodeB. In other words, we try to highlight the difference in SNR between these 3 different types of transmissions.

To illustrate the performance difference of three different schemes, namely (1) STTD, (2) MIMO (single stream beam-forming) and (3) Non-Transmit diversity (SIMO) scheme, we provide some theoretical analysis on the difference of the achievable SNR with these three different schemes, under a simplified system setup.

We first consider a single path fading scenario. To make the analysis simpler, we start with the assumption that the beam-form selection is perfect and un-quantized, we ignore the code multiplex structure of the WCDMA system, i.e. different code could have different transmit diversity scheme. Under the above assumptions, the system equation could be mathematically formulated as
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Where
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 is the single path channel from transmit antenna [image: image6.png]
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 is the transmitted signal depending on the transmit diversity scheme being used.

· STTD: For the first time slot [image: image12.png]


 and for the second time slot[image: image14.png]
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 is the symbol to be transmitted. Without loss of generality, we assume each symbol to be transmitted is i.i.d. with zero mean and unit energy.

· MIMO single stream beamforming: we have  [image: image18.png]
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 is the beam-forming vector with unit length for power normalization.

· SIMO: The symbol is transmitted from the first antenna, i.e. [image: image22.png]


.
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 is the i.i.d. zero mean AWGN noise  [image: image26.png][2]~N0,020)




For the three different aforementioned schemes, the achievable SNR could be computed as 

1. STTD scheme
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Without loss of generality, we assume [image: image36.png]



2. MIMO single stream beam-forming. Again, we assume perfect and un-quantized beam-forming here, therefore signal could be ideally sent from the strongest eigen direction of the channel which gives 
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3. Non-Transmit diversity (SIMO) scheme. We assume the signal is transmitted from the transmit antenna 1.
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To illustrate the difference between the three SNR, we randomly generate the channel with each entry [image: image40.png]


 being i.i.d. and Raleigh fading of zero mean and unit energy. The following plot shows the CDF of the SNR difference using the [image: image42.png]SNR o



 as reference point.
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Figure 1: CDF of SNRMIMO,single,stream – SNRSTTD and SNRMIMO-SNRSIMO
As seen in Figure 1, the distribution of the difference in SNR between single stream MIMO and STTD is very tight compared to the distribution of the difference in SNR between single stream MIMO and SIMO. This suggests that the MIMO single stream SNR is a good indicator of the STTD SNR (STTD SNR can be within a certain offset of the MIMO single stream SNR) while there is not much correlation between the MIMO single stream SNR and the SIMO SNR. In other words, there will be a large CQI mismatch between MIMO and SIMO transmissions leading to a large margin needed in the CQI based HS-SCCH power control loop that is derived from the MIMO CQI reports.
6
CQI Analysis 

In this section, we analyze the CQI experienced by a UE if it were either sent on SIMO or STTD modes compared to the SNR experienced by a UE if it were sent on MIMO. The purpose of the analysis is to determine a distribution of the CQI mismatch or CQI estimation error, if we try to map the CQI reported by a MIMO UE to an equivalent CQI that can be used for the purpose of CQI based power control on the HS-SCCH. 

The CQI based power control loop for HS-SCCH is described as follows:
The CQI received on the uplink from the UE is used to compute the required power for HS-SCCH transmission on the downlink. This method is well known to be superior to allocating fixed power to the HS-SCCH channel. We have imposed a requirement of 1% BLER for HS-SCCH. Using the target Ec/Nt required for 1% BLER (from link-simulations), we compute the required transmit power for HS-SCCH at TTI “n” as: 
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The outer-loop margin [image: image46.png]


 is updated based on DTX detection on the UL whenever Node-B expects Ack or Nak, as shown below:
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where [image: image49.png]8(n—1)



 is the previous value of the outer-loop margin.

We have assumed up_step to be 0.5 dB. The down step is 99 times smaller at 0.0051 dB.

In the following, we analyze the distributions of CQI mismatch as well as distribution of CQI estimation error, in case HS-SCCH were to be sent on either SIMO or STTD mode, while MIMO transmissions were sent on HS-PDSCH. 

The CQIs for each of these 3 types of transmissions were simultaneously logged in a UE in a network simulation based on the simulation assumptions in Table 1.
Table 1: Simulation assumptions

	Parameter
	Value

	ISD
	1 km

	Path Loss Model
	128.1 + 37.6log10(dkm)

	Shadowing
	Log-normal (Std-Dev = 8 dB)

	Penetration Loss
	10 dB

	C-PICH Tx Ec/Ior
	-10 dB per Tx Antenna

	Receiver
	Type 3

	Channel Models
	Mod-PA3, Original PB3

	Traffic
	BE

	Outer-loop target
	1% BLER (HS-SCCH)

10% BLER after 1st transmission for HS-PDSCH

	Receiver
	Type 3 LMMSE equalizer


3.1
Distribution of CQI mismatch
In order, we make a fair comparison between the CQIs of the different modes of transmission (SIMO, STTD, MIMO), all the CQIs have been normalized assuming a given transmit power at the Node-B. By this, we mean the following:

· In the case the UE requests for 1 stream, there is no adjustment to the CQI report sent by the UE
· In the case UE requests for 2 streams, since the power is divided equally per stream, we adjust the CQI report of the stronger stream by adding 3dB to account for the 3dB loss due to splitting into 2 streams. 

· This adjusted CQI also referred to as CQI (strongest stream) is then compared against the CQI(STTD) or CQI (SIMO) in Figures 2 through 5.
Figures 2 and 4 illustrate the difference between CQI (strongest stream) and CQI (SIMO) for different geometries in PA3 and PB3 respectively. Figures 3 and 5 illustrate the difference between CQI (strongest stream) and CQI (STTD) for different geometries in PA3 and PB3 respectively.
As seen in Figures 2 and 4, the difference between the CQI (strongest stream) and CQI (SIMO) lies in a range between -5dB to 13 dB for PA3 channel and between -4dB to 5dB for the PB3 channel. At the same time, as seen in Figures 3 and 5, the difference between the CQI (strongest stream) and CQI (STTD) lies between -2dB and 1dB for PA3 and -1dB and 3 dB for PB3 channel. This suggests that the CQI (strongest stream) is a good indicator of CQI (STTD) and a simple estimate of CQI(STTD) could be CQI (strongest stream) -3dB. However it is difficult to estimate CQI(SIMO) from CQI(strongest stream), due to the large variance in the difference between the 2 variables.
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Figure 2: CDF of CQI (MIMO-strongest-stream) – CQI (SIMO), PA3
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Figure 3: CDF of CQI (MIMO-strongest-stream) – CQI (STTD), PA3
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Figure 4: CDF of CQI (MIMO-strongest-stream) – CQI (SIMO), PB3
[image: image53.emf]-4 -3 -2 -1 0 1 2 3 4

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

 CQI(MIMO-strongest-stream)(dB) - CQI(STTD)(dB) 

CDF

PB3 Difference between CQIs from MIMO-strongest-stream and STTD

 

 

Geo = 6.348 dB

Geo = 3.176 dB

Geo = 8.916 dB

Geo = 12.12 dB

Geo = 7.39 dB

Geo = 1.475 dB


Figure 5: CDF of CQI (MIMO-strongest-stream) – CQI (STTD), PB3
3.2
Distribution of CQI Mismatch
In the following section, we plot the distribution of the CQI mismatch when HS-SCCH is either sent on SIMO or STTD mode, while MIMO transmissions are sent on HS-PDSCH. The CQI estimation algorithm is very simple and is as follows:

Estimated CQI(STTD/SIMO) = CQI(strongest stream) – 3dB
where

CQI(strongest stream) = CQI report from UE if UE requests a single stream

CQI(strongest stream) = max(CQI1, CQI2) + 3dB  if UE requests dual streams

Figures 6 and 8 illustrate the distribution of the CQI mismatch for different geometries in PA3 and PB3 respectively for the case when HS-SCCH is sent on SIMO. Figures 7 and 9 illustrate the of the CQI estimation error for different geometries in PA3 and PB3 respectively when HS-SCCH is sent on STTD.

As seen in Figures 6 and 8, when HS-SCCH is sent on SIMO, the CQI mismatch for PA3 lies between -6dB to 10dB and for PB3 lie between -6dB to 2dB for PB3 (Geometry = 1.475 dB). 
Similarly, as seen in Figures 7 and 9, when HS-SCCH is sent on STTD, the CQI mismatch lies in a much tighter range between -4dB to -0.5dB for both PA3 and PB3 (Geometry = 1.475 dB). 
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Figure 6: CDF of (Estimated CQI– actual CQI), HS-SCCH (SIMO), HS-PDSCH(MIMO), PA3
[image: image55.emf]-14 -12 -10 -8 -6 -4 -2 0 2

0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

(Estimated CQI - Actual CQI) [dB];

CDF

HS-SCCH in STTD, HS-PDSCH in MIMO, PA3

 

 

Geo = 6.348 dB

Geo = 3.176 dB

Geo = 8.916 dB

Geo = 12.12 dB

Geo = 7.39 dB

Geo = 1.475 dB


Figure 7: CDF of (Estimated CQI– Actual CQI), HS-SCCH (STTD), HS-PDSCH(MIMO), PA3
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Figure 8: CDF of (Estimated CQI– Actual CQI), HS-SCCH (SIMO), HS-PDSCH (MIMO), PB3
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Figure 9: CDF of (Estimated CQI– Actual CQI), HS-SCCH (STTD), HS-PDSCH (MIMO), PB3
Based on these observations, we conclude that there is a high degree of CQI estimation error if a NodeB were to transmit HS-SCCH on SIMO, while transmitting HS-PDSCH on MIMO. This mismatch in turn could lead to inaccurate power settings on the HS-SCCH and hence potential throughput loss, if the HS-SCCH is power controlled based on the MIMO CQI reports (on the preferred beam) from the UE. 
5
Conclusions

In this contribution, we have discussed some issues related to the applicability of Tx diversity and DL MIMO. We have clarified our understanding of each of these issues and in particular have tried to highlight a potential system impact on MIMO UEs if Tx diversity were disallowed on the HS-SCCH, due to CQI mismatch between the HS-SCCH and HS-PDSCH. Based on these clarifications, a CR has been proposed in [3].
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