3GPP TSG RAN WG1 Meeting #65
R1-111543
Barcelone, Spain, 9th – 13th May, 2011

Source:
QUALCOMM Incorporated

Title:
System Evaluation of HS-SFN
Agenda item:


5.4
Document for:
Discussion
1
Introduction
In [1], a basic framework to evaluate the system performance of the various Multi-Point HSDPA schemes was agreed upon. In RAN1#64, we presented multiple documents illustrating the system performance gains for Intra and Inter-NB SFDC aggregation. Of the documents we presented, the one of particular interest is  [2].
In [4], the authors presented system simulation results for HS-SFN w/ and w/o beam-forming. In this contribution, we show similar system simulation results for the case of 100% HS-SFN UE penetration. Figure A below (same as Fig 1 in [5]) shows the HS-SFN operation. For HS-SFN transmissions, the scrambling code of the secondary serving cell (Cell 1) is switched to that of the serving cell (Cell 0) on those OVSF codes used for HS-DSCH transmission to the softer handover UE.  
[image: image27.wmf](

)

ú

ú

û

ù

ê

ê

ë

é

÷

÷

ø

ö

ç

ç

è

æ

-

=

m

dB

A

A

,

12

min

2

3

q

q

q


Figure A (Same as Fig 1 in [5]): Normal Vs HS-SFN Transmission (Color refers to Scrambling Code)
2
Basic System Level Parameters

The following basic simulation assumptions (same as in [1]) are used for the performance evaluation in the system. 
Table 1: System Simulation Assumptions for MP-HSDPA

	Parameters
	Comments

	Cell Layout
	Hexagonal grid, 19 Node B, 3 sectors per Node B with wrap-around

	Inter-site distance
	1000 m

	Carrier Frequency
	2000 MHz

	Path Loss
	L=128.1 + 37.6log10(R), R in kilometers

	Penetration loss
	10 dB

	Log Normal Fading 
	Standard Deviation : 8dB

Inter-Node B Correlation:0.5

Intra-Node B Correlation :1.0

	Max BS Antenna Gain
	14 dBi 

	Antenna pattern
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                                                                      = 70 degrees,

                                                                 Am = 20 dB


	Number of UEs/cell
	1, 2, 4, 8, 16, 32

UEs dropped uniformly across the system

	Channel Model
	PA3
Fading across all pairs of antennas is completely uncorrelated.

	CPICH Ec/Io
	-10 dB

	Total Overhead power
	30%

	UE Antenna Gain
	0 dBi

	UE noise figure
	9 dB

	Thermal noise density
	-174 dBm/Hz

	Maximum Sector

Transmit Power
	43 dBm 

	Soft Handover Parameters
	R1a (reporting range constant) = 6 dB,
R1b (reporting range constant) = 6 dB

	HS-DSCH 
	Up to 15 SF 16 codes per carrier for HS-PDSCH

-Total available power for  HS-PDSCH and HS-SCCH is 70% of Node B Tx power, with HS-SCCH transmit power being driven by 1% HS-SCCH BLER

	CQI
	9 slot CQI delay

CQI estimation noise is Gaussian with mean of 0 dB and variance of 1dB
CQI Decoding at Node-B is ideal.

	Number of H-ARQ processes
	6

	Maximum active set size
	3

	Traffic
	Bursty Traffic Source Model

File Size: Truncated Lognormal,  
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Inter-arrival time: Exponential, Mean = 5 seconds

	OCNS
	 OCNS=0, namely all sectors transmit at full power only when they have data. 

	DL Scheduling
	· A single joint-queue scheduler per Node-B is assumed.

· Further details are in Section 4.

	Number of MAC-ehs entities
	· There is only one MAC-ehs entity at the UE. 

	RLC layer modeling
	Ideal

	Iub Flow control modeling
	Ideal 

	ACK Decoding
	Realistic Decoding performed. 

Correlator based decoding used. Received HSDPCCH symbols are correlated with each of the possible codewords and the codeword corresponding to the highest correlator output is chosen, subject to a given false-alarm probability (10%).
ACK C2Ps used for Baseline: Non-SHO (0 dB), SHO (4 dB) (Rel-7 ACKs)
ACK C2Ps used for Intra NB SF-DC: Non-SHO (2 dB), SHO (6 dB) (Rel-8 ACKs)

	MP-HSDPA   UE capabilities
	All MP-HSDPA UEs are capable of 15 SF 16 codes and 64QAM for each cell 

Percentage of MP-HSDPA capable UEs : 100% 

	UE distribution 
	UEs uniformly distributed within the system 

	UE Receiver Type
	LMMSE + RxD (Type 3i) UEs


3
DL Scheduling

For HS-SFN transmission, a joint scheduler is required across the Node-B on a given frequency, as it potentially involves scheduling data to a softer-handover UE from 2 cells. In the 57-cell layout, we have 19 Node-Bs, so we have 19 schedulers. As in [1], in each cell, Class A and Class B UEs are defined as follows: 

· Class A: UEs that have this cell as serving.
· Class B: UEs that do NOT have this cell as serving cell, but are in softer handover with this cell.
The scheduler has access to regular serving cell CQI for all the UEs served by a cell in the Node-B. In addition to this, it also has the HS-SFN CQI for HS-SFN capable softer-handover UEs. The HS-SFN capable Softer-Handover UE is assumed to send both these CQIs to the Node-B.
For each UE “i”, the Node-B computes the requested data rate (Rreq, i,served) based on the serving cell CQI and the corresponding Proportional Fair Metric (Rreq, i,served/( Rserved,i)). 
In addition, for the HS-SFN capable softer-handover UEs, it computes the requested data rate based on the HS-SFN CQI (Rreq, i,sfn) and the corresponding Proportional Fair metric (Rreq, i,sfn/( Rserved,i)).

In a cell, if class A UEs have data, then that cell will not participate in HS-SFN transmission to its class B UEs. This condition helps avoid legacy UE performance loss, and is similar to what we used for SFDC study ([2]). The rest of the PF metrics are sorted in the decreasing order and the winner is chosen for scheduling.
4
CQI Computation

In this section we show the CQI computation for HS-SFN UEs and for legacy UEs affected by HS-SFN operation.

4.1 

HS-SFN CQI 

An HS-SFN UE is required to compute both the serving cell CQI and the HS-SFN CQI to feed back to the Node-B. The following equations describe the HS-SFN CQI computation, which is assumed to be genie aided for the purpose of this contribution. The received signal during a slot assuming HS-SFN transmission has taken place can be written as follows: 
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where the scrambling code has been folded into the “x” vectors, Ep is the pilot power, Eoh is the other overhead power and Ed is the data power. Hi = [h0,i , h1,i , …,  hd,i , …, hN-1,i], is a Toeplitz  matrix representing the channel from cell “i”, where “d” is the equalizer delay and “N” is the block length. The numeric sub-script of “x” vectors denotes the cell ID. The received signal from all other cell powers and thermal noise have been subsumed into “n”. (1) can be re-written as:
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(2)

Since data is coming along the sum channel, we define hd = hd,0 + hd,1.
The LMMSE equalizer for the sum channel is given by: 

w = Rηη-1 * hd, 
























(3)

where
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The resultant data SNR can be written as:
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The HS-SFN CQI is given by:
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(5)
The above equations (with the exception of (1) and (2)) are all valid even when the second cell beam-forms HS-DSCH. In equations (1) and (2), the term 
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, where, θ ϵ {π/4, 3π/4, 5π/4, 7π/4} (corresponding to PCI values of 0, 1, 2 and 3 respectively) during HS-SFN, and is zero otherwise. The resulting CQI γp would be a function of θ.
The HS-SFN CQI and phase values are given by:
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4.2 

Legacy CQI Computation during HS-SFN Transmission 

When HS-SFN transmission happens, the legacy UEs in Cell 0 and Cell 1 are affected in opposite ways. Legacy UEs in cell 0 see lower out-of-cell interference (as a significant power from Cell 1 comes on the scrambling code of Cell 0) and report optimistic CQIs, while UEs in Cell 1 will see higher out-of-cell interference (as a significant portion of their own cell power comes on a different scrambling code).
Legacy UEs in Cell 0 will compute their LMMSE equalizer as w0 = Rηη-1 * hd,0, and their CQI is given by:
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Legacy UEs in Cell 1, will compute their LMMSE equalizer as: 


w1 = R’ηη-1 * hd,1, where 
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Their CQI is given by:
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5
Simulation Results 

We now present system simulation results for HS-SFN algorithms, and compare them with the performance of Intra-NB SF-DC aggregation for the case when UEs have a Type 3i receiver. All of our simulations are for the case when we have 100% HS-SFN UE penetration.

Before we look at results for specific scenarios, we first present some observations that are common to all subcases below. 

· We target a 10% BLER after 1st HARQ transmission, so we see a residual HS-PDSCH BLER close to zero. 
· On the UL, the ACK decoding is correlator based. For Intra-NB aggregation, ACK is soft-combined. Given the high value of ACK C2P used, we find the ACK(DTX error for softer handover users to be under 0.5%. 
· In the Macro-case, around 9% of users are in softer handover.
 5.1 
Burst Rate Gains for RxD UEs
Figure 1 shows the burst rate for all the users with the PA3 channel when we have 1 UE/cell. Figure 1 shows Intra-NB SFDC slightly out-performing HS-SFN at the high end. Figure 2 focuses on the lower end of the CDF of Figure 1. HS-SFN burst rates are slightly higher than Intra-NB SFDC burst rates in this region. Figure 3 shows the normalized user burst rates for the same case. 
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Figure 1: User Burst Rate CDF (PA3) (1 UE/cell)
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Figure 2: User Burst Rate CDF (PA3) (1 UE/cell)
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Figure 3: Normalized User Burst Rate CDF (PA3) (1 UE/cell)
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Figure 4: Gain Vs Geo (PA3): 1 UE/Cell

Figure 4 shows burst rate gains for users as a function of geometry for PA3 at 1 user/cell. Note that Intra-NB SFDC aggregation improves Burst Rate gains very significantly over the baseline in the mid geometry region, HS-SFN operation (w/ and w/o beam-forming) improves performance at low geometries. This is expected as Intra-NB SFDC aggregation gives degree of freedom gains which are visible in the mid-geometry region, while HS-SFN algorithms give power gain, which is visible in the low geometry region. Note that beam-forming enhances HS-SFN performance. Again, this is as expected.
The same behavior can be seen in Figure 5, which shows the CDF of burst rates for softer handover users alone. HS-SFN with beam-forming performs better than Intra-NB SFDC aggregation below the 30%-ile point, while Intra-NB SFDC aggregation performs better thereafter.
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Figure 5: Burst Rate CDFs for Softer Handover UEs
Figure 6 shows the mean user burst rates for all the users for the PA3 channel. Mean user burst rates are the highest with Intra-NB SFDC operation. Figure 7 shows the mean burst rate gain per user for  the same case. As load increases, the probability of a user in handover getting scheduled from both the serving and secondary serving cell decreases, thereby reducing HS-SFN and SFDC gains.
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Figure 6: Mean Burst Rate Vs Users/Cell (PA3)
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Figure 7: Mean Burst Rate Gain Vs Users/Cell (PA3)

Figures 8 and 9 show mean burst rates and burst rate gains for softer handover users. Figure 8 shows mean burst rates for softer handover users as a function of users/cell, while Figure 9 shows mean gains these users experience with Intra-NB SFDC and HS-SFN (w/ and w/o Beam-forming).

Mean Burst rate gain for softer handover users is higher with Intra-NB SFDC than with HS-SFN w/ and w/o BF.
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Figure 8: Mean soft handover user burst rate Vs Users/Cell (PA3)
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Figure 9: Gain in Mean burst rate for Soft handover users Vs Users/Cell (PA3)
Table 2 shows gains in burst rate for all UEs, softer handover UEs for different values of user loading in the cell, for PA3 channel.
 Table 2: Burst Rate Gains for PA3 channel
	
	Intra-NB SFDC 

BR Gain (%)
	HS-SFN 

BR Gain (%)
	HS-SFN w/BF

BR Gain (%)

	Users/Cell
	All UEs
	Softer HO UEs
	All UEs
	Softer HO UEs
	All UEs
	Softer HO UEs

	1
	3.3
	46
	1.4
	11
	2.2
	20

	2
	3.2
	42
	1.4
	10
	2
	19

	4
	2.5
	39
	0.6
	8
	1.4
	18

	8
	2.6
	36
	0
	0
	0.5
	9

	16
	1.9
	24
	0
	0
	0
	0


6
HS-SFN Drawbacks
CQI computation is non-trivial for HS-SFN UEs. In this contribution, we have assumed that the paths from both cells are time-aligned. Also, we assumed that HS-SFN CQI computation is genie aided, with perfect channel estimation. For these reasons, the results shown in this contribution are upper bounds. In addition, CQI computation of legacy UEs in the system is affected by HS-SFN operation. 

In [3], we had shown one advantage of Intra-NB SFDC to be load balancing, when cells are non-uniformly loaded. When a cell is heavily loaded relative to its neighbor, enabling Intra-NB SFDC aggregation helps route the traffic for softer handover UEs served by the heavier loaded cell through the lightly loaded cell. This advantage will not be seen in the case of HS-SFN, as both cells will need to transmit the same bit-exact data. 

 HS-SFN transmission can also adversely affect R99 CS voice users in a cell. Consider an example case where a HS-SFN capable cell “A” serves 40 R99 users. Now assume an HS-SFN capable UE served by a neighboring cell “B”, and in softer handover with cell A starts a data call. If Cell A now changes its scrambling code on the SF16 codes it uses for HS-SFN transmission, the R99 UEs will suddenly see their performance degrade. BLER increase will cause the power control loops to send UP commands to the Node-B. Cell “A” could become power limited, and voice calls could drop. To prevent this from happening, operators may choose not to allow a cell to participate in HS-SFN to neighboring cell UEs if it is serving R99 UEs, thereby reducing the attractiveness of HS-SFN.
7
Conclusions

In this document, we have shown possible burst rate gains in a system when HS-SFN operation is enabled, w/ and w/o beam-forming, for the case when we have 100% HS-SFN UE penetration, for the PA3 channel. We have presented results for dual Rx UEs. We have compared the performance of this system with Intra-NB SFDC aggregation for the RxD case. 
For the RxD case, overall system gains are better for Intra-NB SFDC operation over HS-SFN operation (w/ or w/o beamforming). However, at low percentiles, HS-SFN w/ beamforming performs slightly better than Intra-NB SFDC.   
We have also presented the drawbacks of HS-SFN operation. CQI computation is non-trivial for HS-SFN UEs. HS-SFN operation impacts CQI computation for legacy UEs. HS-SFN does not allow for load-balancing across cells, the way Intra-NB SFDC does. Also, to avoid legacy R99 UE performance degradation, HS-SFN operation may be allowed only in cells without significant R99 user presence, thereby making it less attractive than Intra-NB SFDC operation.
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