3GPP TSG RAN WG1 #44bis
                                            R1-060890
Athens, Greece, 27 – 31 March, 2006
Source: 

Texas Instruments
Title:
System level performance of per group rate control (PGRC) for downlink E-UTRA
Agenda Item:

10.1.3
Document for:
Discussion and Decision
1. Introduction
The agreed upon requirements for the downlink E-UTRA demand 3-4x increase in the user throughput and spectral efficiency relative to the Release 6 systems [1]. To achieve this spectral efficiency, it is necessary to use multiple-input multiple-output (MIMO) techniques. One such technique is per-antenna rate control (PARC) with rank adaptation, where the number of parallel streams to each UE and the data rate on each stream is adapted based on receiver feedback of channel conditions. PARC-based MIMO schemes have been demonstrated to provide significant throughput over the baseline receive diversity case. However, one potential drawback of PARC is the high uplink feedback rate required, particularly for the case of four node-B antennas. 
To reduce the uplink feedback rate, the use of per-group rate control (PGRC) was proposed in [2]. In PGRC, coding and rate adaptation are done over groups of two antennas. Thus, each UE feeds back its preferred grouping of antennas and the corresponding channel-quality indicator (CQI) on each group. The node-B uses this feedback to determine the number of groups active (one or two) and the data rate on each group. While PGRC does reduce the uplink feedback required, it also limits the scheduling flexibility. In particular, in the 4-antenna case, only two different MCS can be used instead of a maximum of four in PARC. Further, unlike PARC, PGRC does not have a mode where only one antenna is on. Thus, PGRC is expected to suffer a throughput loss when compared to PARC. 

In this contribution, we present system level simulation results demonstrating that the throughput loss of PGRC compared to PARC is small Section 2 presents the simulation assumptions. Simulation results are presented in Section 3, and the conclusions summarized in Section 4. 

2. Simulation Assumptions
The spatial channel model [2] was used. Other important simulation parameters are listed in Table 1. 

	PARAMETER
	VALUES

	Number of sectors per cell
	3 sectors, with either two or four 120-degree antennas per sector

	Number of UEs per cell
	15, 30 or 60. UEs are uniformly dropped in 9 neighboring sectors. Handover is simulated as follows: Based on path loss, antenna directivity and shadowing, the UEs “nearest” to the current Node B are identified. Only these are assumed to be connected to the current Node B in the current drop.

	Number of UE antennas
	4

	UE Speed
	3 kmph

	Traffic Model
	Full-buffer

	Channel scenario
	1. Urban Macro [3]

2. Urban Micro [3]

	System Bandwidth
	2.5 / 5 MHz

	OFDMA FFT Length
	256 / 512

	Chunk Bandwidth
	375 kHz (6 / 12 chunks in band)

	Modulation Schemes
	QPSK, Rate ¼

QPSK, Rate ½

QPSK, Rate ¾

16-QAM, Rate ¼

16-QAM, Rate ½

16-QAM, Rate ¾

64-QAM, Rate 5/8

64-QAM, Rate 3/4



	TTI duration
	0.5 ms (7 OFDM symbols)

	CQI feedback delay
	2 TTIs

	CQI Quantization
	None. Error-free CQI feedback assumed

	Scheduling Criterion
	Proportional Fair

	HARQ Feedback Delay
	8 TTIs. Error-free ACK/NACK assumed

	Max Number of HARQ Retransmisssion
	3

	Scheduling
	Single-user MIMO (one user per chunk). Same MCS used for one stream across chunks

	Decoder
	LMMSE and SIC cancellation decoders are considered. SIC is done only for the case of 2-stream transmission. (In PARC, if 4 streams are scheduled, the UE uses LMMSE decoding. But if 2 streams are used, SIC decoding is assumed.)


TABLE 1: List of simulation parameters
3. Simulation Results
In this section, we present simulation results to demonstrate that 4-antenna PARC gives significant gains over 2-antenna PARC. Further, we show that 4-antenna PGRC closely approaches the throughput of 4-antenna PARC.
Figure 1 shows the variation of average cell throughput vs. the average number of cell users for the urban macro environment. As seen from the figure, 4-antenna PARC and PGRC over significant gain over 2-antenna PARC for both LMMSE and SIC decoders. Further, 4-antenna PGRC approaches performance of PARC to within 10%.
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FIGURE 1: Average Cell Throughput for Urban Macro Environment
Figure 2 shows the same results for the urban micro environment. 
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FIGURE 2: Average Cell Throughput for Urban Micro Environment
For convenience, these results are tabulated in Table 2.

	SIMULATION ENVIRONMENT
	DECODER
	AVERAGE # CELL UESRS
	2 NODE-B ANTENNAS PARC (Mbps)
	4 NODE-B ANTENNAS PARC (Mbps)
	4 NODE-B ANTENNAS PARC (Mbps)
	% LOSS FOR PGRC

	URBAN MACRO
	LMMSE
	15
	23
	29
	27.8
	4.1

	
	
	30
	25.3
	31.8
	30.2
	5

	
	
	60
	25.9
	32
	30.2
	5.6

	
	SIC


	15
	25.4
	31.9
	28.7
	10

	
	
	30
	27.6
	34.1
	32
	6.2

	
	
	60
	28.4
	34
	31.5
	7.3

	URBAN MICRO
	LMMSE
	15
	25.7
	33.5
	32.4
	3.3

	
	
	30
	29.1
	37.2
	35
	4.8

	
	
	60
	30.2
	38.9
	36.1
	7.2

	
	SIC
	15
	27.9
	36.2
	34.1
	5.8

	
	
	30
	31.3
	39.4
	37.9
	3.8

	
	
	60
	31.8
	40
	37.7
	5.8


TABLE 2: Average Cell Throughput for 2.5 MHz channels with various channel environments and decoders
Based on the results tabulated above, it can be seen that

1. 4-antenna PARC transmission offers significant throughput gain over 2-antenna PARC. Gains for the urban macro scenario are around 25%, while gains for urban micro are closer to 30%.

2. 4-antenna PGRC approaches the throughput of PARC quite closely. The throughput loss for urban macro environments is 6-10%. For urban micro, where the higher geometry makes rank 1 transmission less probable in PARC, the loss is only 3-7%.

3. 4-antenna PGRC achieves significantly higher throughput than 2-antenna PARC, with the same uplink feedback rate. For urban macro environments, the gain is 17-20%, while for urban micro the gain is 25% or more.
Similar results are observed for the 5 MHz case, as tabulated below.
	SIMULATION ENVIRONMENT
	DECODER
	AVERAGE # CELL USERS
	2 NODE-B ANTENNAS PARC (Mbps)
	4 NODE-B ANTENNAS PARC (Mbps)
	4 NODE-B ANTENNAS PARC (Mbps)
	% LOSS FOR PGRC

	URBAN MACRO
	LMMSE
	15
	40.7
	52.8
	50.7
	4%

	
	
	30
	46
	56.2
	55.8
	0.70%

	
	SIC
	15
	43.1
	54.7
	51.4
	5.90%

	
	
	30
	48.8
	61.7
	59.4
	3.70%

	URBAN MICRO
	LMMSE
	15
	49.1
	64.7
	61.5
	4.90%

	
	
	30
	54.7
	70.2
	67.7
	3.60%

	
	SIC
	15
	52.2
	70.8
	64.5
	8.90%

	
	
	30
	58.7
	76.2
	70.9
	7.00%


TABLE 2: Average Cell Throughput for 5 MHz channels with various channel environments and decoders

3.1. Feedback Requirement

The feedback requirements of PARC and PGRC are listed below.

· PARC: Preferred rank (1, 2, 3 or 4) and corresponding CQIs. Depending on the rank the requirements are 
· Rank 4 : 4 CQI indicators, each possibly 5 bits. Total 20 bits
· Rank 3:  2-bit indicator for grouping and 3 CQI indicators. Total 17 bits.
· Rank 2 : 2 combinations of 2-bit antenna index and 5-bit CQI . Total 14 bits
· Rank 1 : 1 antenna index and 5-bit CQI. Total 7 bits
· PGRC: PGRC requires feedback of a grouping indicator (which antenna is grouped with antenna 1). This can be done with 2 bits. Further, the preferred number of groups (1 or 2), and the corresponding CQI need to be fed back. Thus, the requirements are
· Two groups : CQI for each group, each 5 bits. Total 2 + 10 = 12 bits
· One group : 1-bit indication of preferred group and one 5-bit CQI. Total 2 + 1 + 5 = 8 bits.
Hence, PGRC results in at least 2x saving in terms of feedback requirements. 

In addition, PGRC may results in some additional saving in terms of downlink signaling overhead as the maximum number of codewords is smaller for PGRC than PARC. 
4. Conclusions

In this contribution, we presented system level simulation results comparing the average cell throughput of per-group rate control (PGRC) transmission to par-antenna rate control (PARC). We find that PGRC typically achieves around 95% of the throughput of PARC, while significantly reducing the feedback overhead.
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