3GPP TSG RAN WG1 54bis

 






R1-084012
Prague, Czech Republic, 29 September – 3 October, 2008
Source: 

Texas Instruments, Ericsson, Motorola, NEC 
Title:
Finalizing Nominal PDSCH-to-RS EPRE Offset for CQI Reporting 
Agenda Item:

6.3
Document for:
Discussion and Decision
1. Introduction
Seven physical layer parameters are used for the purpose of CQI reporting [1]. While six of the seven parameters are finalized, the last parameter “Nominal PDSCH-to-RS EPRE offset“ (referred as NPREO for brevity) is yet to be defined: 
	7
	[Nominal PDSCH-to-RS-EPRE-offset]
	[Size and default value TBD]
	Required for any reporting on PUCCH and PUSCH.

Provides information about the nominal measurement offset (in dB) between the PDSCH and RS EPRE that the UE should assume when computing CQI.


Thus far, limited discussion took place regarding this parameter although it was mentioned that similar parameter is used for HSPA [2]. This contribution attempts to address the utility of such parameter for the E-UTRA and in particular, finalize its specification.
2. Offset Parameters for CQI Reporting in HSPA vs. NPREO
Two offset parameters are used for HSPA: 
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. The following text is given in TS25.214 [2]:
· Section 6A.2.1 for non-MIMO
· For the purpose of CQI reporting, the UE shall assume a total received HS-PDSCH power of 
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 in dB, where the total received power is evenly distributed among the HS-PDSCH codes of the reported CQI value, the measurement power offset 
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 is signalled by higher layers and the reference power adjustment 
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is given by Table 7A, 7B, 7C, 7D, 7E, 7F or 7G depending on the UE category. 
· Section 6A.2.2 for MIMO
· For the purpose of CQI reporting, the UE shall assume a total received HS-PDSCH power of 
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 in dB, where the total received power is assumed to be to be evenly distributed among 15 HS-PDSCH codes, and the measurement power offset 
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 is signaled by higher layers. If a CQI for a single transport block is reported, the parameter 
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 that is given by Table 7C, 7D, 7F or 7G depending on the UE category indicates a reference power adjustment for the Node B transmit power on the indicated HS-PDSCH(s). If a CQI for two transport blocks is reported, the parameter 
[image: image9.wmf]D

 that is given by Table 7H, 7I, 7J or 7K depending on the UE category indicates by how much the equivalent AWGN symbol SINR for a specific transport block would be different from the one required to meet the predicted BLER performance.
Note that HSPA defines CQI in terms of the recommended transport block size (TBS) rather than the spectral efficiency (used for E-UTRA). Also, HSPA utilizes 11 CQI tables depending on the UE category and capabilities. The following can be deduced from the above texts:
· The parameter 
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 (signalled via the higher layers) is essentially the ratio between HS-PDSCH and CPICH power which the UE should assume when computing CQI. This is analogous to the ratio between PDSCH and CRS EPRE for E-UTRA. Such ratio can be derived from the UE-specific parameter
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 and cell-specific physical parameter
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. 
· The parameter 
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is a part of the CQI feedback (from UE to NodeB) and hence a dynamic configuration. Furthermore, the values of 
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 different from zero are only defined either for the smallest or the largest recommended TBS. 
· For non-MIMO and single TB (rank-1) MIMO transmission, the value of 
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is always negative and used for the highest TBS in the corresponding CQI table. The value 
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indicates that the NodeB can transmit 
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dB lower power for the recommended TBS. Hence, this is a means of extending the range of the CQI table for a given UE category. An example is given in Table 7C given in the Appendix where the UE is not configured to (or capable of) receiving more than 12 OVSF codes and 64QAM modulation.
· For dual-TB transmission, 
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is also intended to extend the range of CQI reporting for a given UE category. An example is the Table 7H given in the Appendix where the number of OVSF codes is set to 15 (which is the maximum number) and 64QAM reception capability is either not supported by the UE or not configured. By reporting a negative 
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value for QPSK with 15 OVSF codes, the UE notifies the NodeB to either increase the transmit power or reduce the number of OVSF codes. By reporting a positive 
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 value for 16QAM with 15 OVSF codes, the UE notifies the NodeB that lower transmit power can be used to support 16QAM transmission on 15 OVSF codes (which is the highest TBS for this UE category).
In the context of E-UTRA, the following can be observed:
· The equivalent of higher-layer parameter 
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 can be derived from the UE-specific parameter
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 and cell-specific physical parameter
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. Note that those parameters are semi-statically configured.
· Unlike HSPA, only one CQI table is specified for the E-UTRA. In addition, CQI is defined in terms of the recommended DL spectral efficiency which ranges from QPSK rate 0.076 to 64QAM rate 0.93. 
· As the CQI table covers a wide range of spectral efficiency, the need for extending the range of the CQI table is not as apparent as that for HSPA. 
· In addition, a UE feedback (per sub-frame basis) which indicates an offset analogous to 
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is not supported in the E-UTRA. The NPREO is a system parameter which is signalled from the eNB to UE (via RRC), it is not analogous to
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.
· Since NPREO is analogous to
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, NPREO allows the eNB to configure a particular UE with a different offset value for CQI reporting as that derived from 
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. More precisely, NPREO can be defined as a shift relative to
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 which is PDSCH-to-CRS EPRE ratio for OFDM symbols without CRS: 
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(1)
· Allowing the eNB to introduce a shift to 
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 enables the eNB to counteract the effect of consistently optimistic or pessimistic CQI reports from a particular UE. In particular, overly pessimistic CQI reports may occur under a lightly loaded network scenario where the UE performs CQI computation based on the common RS (see, e.g. [4]). Overall, it is expected that pessimistic CQI reports may be more common that optimistic CQI reports.
· In addition, it may be used as a means for the eNB to control the user throughput distribution for various reasons. 
· A similar mechanism is already specified for MU-MIMO power offset (see [3] Section 5.2 and 7.1.5). Note that the power offset for MU-MIMO is not included in (1) since it is conveyed in the associated DL grant (format 1D) and hence unknown for CQI calculation.
Based on the above discussion, the detailed specification of parameter NPREO should be tailored based on the third bullet point, namely: enabling the eNB to introduce a shift to the value of
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 for the CQI reporting of a particular UE. 
3. Conclusion

This contribution addressed the finalization of the Nomimal PDSCH-to-RS EPRE offset (NPREO) L1 parameter. Since this parameter can be derived from two other L1 parameters (
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) and any additional offset is not needed due to the characteristics of the CQI table for E-UTRA, NPREO is used to introduce a shift to the value of
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 for the CQI reporting of a particular UE. Such function enables the eNB to counteract consistently inaccurate CQI reports from the UE due to various reasons. 

To finalize the specification of NPREO, the number of possible values and the range of NPREO should be chosen based on the above consideration. The following is suggested as a starting point for further refinement: 
	7
	Shift relative to Nominal PDSCH-to-RS-EPRE-offset
	3
	Required for any reporting on PUCCH and PUSCH.

Provides information about the shift to nominal measurement offset (in dB) between the PDSCH and RS EPRE that the UE should assume when computing CQI. 
Values: -2dB, 0dB, 2dB, 4dB, 6dB, 8dB, 10dB, 12dB


Apart from the refinement in the RRC specification TS36.331, such refinement can be captured with the following draft CR for TS36.213:
-------------------------------------------------- Start draft CR for TS36.213 --------------------------------------------------
7.2.3
Channel quality indicator (CQI) definition

….
In the CQI reference resource, the UE shall assume the following for the purpose of deriving the CQI index to report:

· The first 3 OFDM symbols are occupied by control signalling

· No resource elements used by primary or secondary synchronisation signals or PBCH

· CP length of the non-MBSFN subframes

· Redundancy Version 0

· the PDSCH transmission mode currently configured for the UE (which may be the default mode) 
· the PDSCH EPRE is offset from the RS EPRE by an amount given by the Nominal PDSCH-to-RS-EPRE-offset, which is given by higher layers. The ratio of PDSCH EPRE to cell-specific RS EPRE is as given in Section 5.2 with the exception of 
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which shall be assumed to be 
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 for any modulation scheme and RI value. The shift 
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is given by the parameter nomPDSCH-RS-EPRE-Offset which is configured by higher-layer signalling. The mapping of nomPDSCH-RS-EPRE-Offset to 
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is given in Table 7.2.3-2.   
Table 7.2.3-1: 4-bit CQI Table

	CQI index
	modulation
	coding rate x 1024
	efficiency

	0
	out of range

	1
	QPSK
	78
	0.1523

	2
	QPSK
	120
	0.2344

	3
	QPSK
	193
	0.3770

	4
	QPSK
	308
	0.6016

	5
	QPSK
	449
	0.8770

	6
	QPSK
	602
	1.1758

	7
	16QAM
	378
	1.4766

	8
	16QAM
	490
	1.9141

	9
	16QAM
	616
	2.4063

	10
	64QAM
	466
	2.7305

	11
	64QAM
	567
	3.3223

	12
	64QAM
	666
	3.9023

	13
	64QAM
	772
	4.5234

	14
	64QAM
	873
	5.1152

	15
	64QAM
	948
	5.5547


Table 7.2.3-2: Mapping of nomPDSCH-RS-EPRE-Offset to the shift 
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	nomPDSCH-RS-EPRE-Offset field
	Shift 
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-------------------------------------------------- Stop draft CR for TS36.213 --------------------------------------------------
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Appendix

The following 2 tables are taken from TS25.214.
Table 7C: CQI mapping table C. [from TS25.214]
	CQI or CQIS value
	Transport Block Size
	Number of 
HS-PDSCH
	Modulation
	Reference power adjustment (
	NIR
	Xrv or Xrvpb

	0
	N/A
	Out of range

	1
	137
	1
	QPSK
	0
	28800
	0

	2
	173
	1
	QPSK
	0
	
	

	3
	233
	1
	QPSK
	0
	
	

	4
	317
	1
	QPSK
	0
	
	

	5
	377
	1
	QPSK
	0
	
	

	6
	461
	1
	QPSK
	0
	
	

	7
	650
	2
	QPSK
	0
	
	

	8
	792
	2
	QPSK
	0
	
	

	9
	931
	2
	QPSK
	0
	
	

	10
	1262
	3
	QPSK
	0
	
	

	11
	1483
	3
	QPSK
	0
	
	

	12
	1742
	3
	QPSK
	0
	
	

	13
	2279
	4
	QPSK
	0
	
	

	14
	2583
	4
	QPSK
	0
	
	

	15
	3319
	5
	QPSK
	0
	
	

	16
	3565
	5
	16-QAM
	0
	
	

	17
	4189
	5
	16-QAM
	0
	
	

	18
	4664
	5
	16-QAM
	0
	
	

	19
	5287
	5
	16-QAM
	0
	
	

	20
	5887
	5
	16-QAM
	0
	
	

	21
	6554
	5
	16-QAM
	0
	
	

	22
	7168
	5
	16-QAM
	0
	
	

	23
	9719
	7
	16-QAM
	0
	
	

	24
	11418
	8
	16-QAM
	0
	
	

	25
	14411
	10
	16-QAM
	0
	
	

	26
	17237
	12
	16-QAM
	0
	
	

	27
	17237
	12
	16-QAM
	-1
	
	

	28
	17237
	12
	16-QAM
	-2
	
	

	29
	17237
	12
	16-QAM
	-3
	
	

	30
	17237
	12
	16-QAM
	-4
	
	


Table 7H: CQI mapping table H. [from TS25.214]
	CQI1
or
CQI2
	Transport Block Size
	Number of 
HS-PDSCH
	Modulation
	Equivalent AWGN SINR difference (
	NIR
	Xrvpb or Xrvsb 

	0
	4581
	15
	QPSK
	-3.00
	28800
	0

	1
	4581
	15
	QPSK
	-1.00
	
	

	2
	5101
	15
	QPSK
	0
	
	

	3
	6673
	15
	QPSK
	0
	
	

	4
	8574
	15
	QPSK
	0
	
	

	5
	10255
	15
	QPSK
	0
	
	

	6
	11835
	15
	QPSK
	0
	
	

	7
	14936
	15
	16QAM
	0
	
	

	8
	17548
	15
	16QAM
	0
	
	

	9
	20617
	15
	16QAM
	0
	
	

	10
	23370
	15
	16QAM
	0
	
	

	11
	23370
	15
	16QAM
	1.50
	
	

	12
	23370
	15
	16QAM
	2.50
	
	

	13
	23370
	15
	16QAM
	4.00
	
	

	14
	23370
	15
	16QAM
	5.00
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