3GPP TSG RAN WG1 52bis



 



R1-081624
Shenzhen, China, March 31 – April 4, 2008
Source: 

Texas Instruments
Title:
Remaining Issues on CQI/PMI/RI Reporting 
Agenda Item:

6.3.5
Document for:
Discussion and Decision
1. Introduction
Tremendous progress was made in RAN1#52 and the major issues on CQI/PMI/RI reporting were decided [1, 2] and captured in the latest version of TS36.213 [3]. 
This contribution discusses some of the remaining minor issues that need to be finalized for completing the specification. As a starting point, we refer to the CQI-reporting table captured in the system parameter list given in [4] (reproduced below). The remaining issues mainly involve the parameter values needed to define the CQI/PMI/RI reporting mechanism. This further translates to defining the required number of bits for RRC signaling. In particular, it is our goal to address all the fields in the table below except for the nominal PDSCH-to-RE EPRE offset.
Table 1. System information list for CQI reporting from [4]
CQI-reporting

	Parameter
	Size [bits]
	Configuration
	Comment

	Resource
	TBD
	Dedicated (RRC)
	Provides information about the PUCCH resource (frequency and cyclic shift) to use for CQI reporting.

	Periodicity (NP)
	TBD
	Dedicated (RRC)
	

	Subframe offset (NOFFSET)
	TBD
	Dedicated (RRC)
	

	CQI burst length
	TBD
	Dedicated (RRC)
	

	CQI format indicator(s) for periodic reporting
	TBD
	Dedicated (RRC)
	

	CQI format indicator for aperiodic reporting
	TBD
	Dedicated (RRC)
	

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

	Rank-configuration indication
	TBD
	Dedicated (RRC)
	Provides information about the rank-reporting interval as well as the potential offset. 


2. CQI Reporting Categories/Formats
It is first noted that the interpretation of the CQI-related system information is dependent upon some other system parameters:

1. Downlink bandwidth

2. The number of antenna ports. In addition, it also depends on the UE capability such as the number of supportable layers (1, 2, or 4). 
3. Transmission mode
4. PUCCH-structure system parameters

At the moment, three categories of CQI/PMI/RI reporting are supported in [3]:
1. Aperiodic reporting on PUSCH

2. Periodic reporting on PUSCH

3. Periodic reporting on PUCCH

2.1. Aperiodic reporting on PUSCH
The aperiodic reporting on PUSCH is supported by default. The reporting mode, however, needs to be indicated. From [3], the following 7 reporting modes are currently supported: Mode 1-2, 2-0, 2-1, 2-2, 3-0, 3-1, 3-2. At the same time, not all the reporting formats are applicable for a given transmission mode. The following 
· Single-antenna, Tx diversity, and open-loop SM: Mode 2-0, 3-0 ( 2 modes
· Closed-loop SM: Modes 1-2, 2-1, 2-2, 3-1, 3-2 ( 5 modes
Although a transmission-mode-dependent interpretation is possible, a total of 3 bits are needed since closed-loop SM supports 5 out of the 7 available reporting modes. Hence, transmission-mode-dependent interpretation does not seem beneficial in this case. It is then simpler to use 3 bits to signal the “CQI format indicator for aperiodic reporting“. The 3-bit signalling represents the 7 reporting modes.
 
Another parameter that may be needed to support aperiodic reporting on PUSCH is “Aperiodic reporting validity duration“. This specifies the duration in which a triggered aperiodic reporting is valid and hence overwrites any other periodic reporting (see [6] for further discussion). It seems beneficial to support at least 2 values such as 5ms (5 sub-frames) and 10ms (1 radio frame). Hence, an additional 1-bit signalling is needed.
2.2. Periodic reporting on PUCCH and PUSCH
We first discuss the periodic reporting on PUCCH. In [3], four types of periodic reporting on PUCCH are supported (see Table 7.2.2-3). However:

· Type 4 is simply a wideband CQI reporting without PMI (applicable for single-antenna, Tx diversity, and open-loop SM). In terms of system information signalling, this type does not need to be differentiated from Type 2 (applicable only for closed-loop SM). 
· RI reporting is needed for open- and closed-loop SM. 

Hence, there are only two types that need to be differentiated in terms of system information signalling: 

1) Sub-band CQI reporting (always accompanied by wideband reporting)
2) Wideband reporting

The content of wideband reporting and the need for RI depend on the transmission mode. This requires only 1 bit signalling. 
For periodic reporting on PUSCH, the same 7 reporting modes for aperiodic reporting on PUSCH are applicable. In addition, its combination with the wideband reporting on PUCCH may need to be considered. Hence, a total of 4 bits are required for “CQI format indicator for periodic reporting“:

· Format 0: wideband reporting on PUCCH 
· Format 1: sub-band reporting on PUCCH (accompanied by wideband reporting)

· Formats 2 to 8: seven reporting modes for periodic reporting on PUSCH without the companion wideband reporting
· Formats 9 to 15: seven reporting modes for periodic reporting on PUSCH with the companion wideband reporting
3. Configuration for Periodic Reporting on PUCCH
The configuration for periodic reporting on PUCCH can be composed as follows:
· Since wideband CQI (+PMI for Type 2) reporting is always required, it should be used as a reference. Hence, the “periodicity” and “sub-frame offset” parameters should be defined for the wideband reporting:

· Periodicity: Four values are proposed 2ms (2 sub-frames), 4ms (4 sub-frames), 8ms (8 sub-frames), and OFF.
· Sub-frame offset: The possible values of offset depend on the periodicity. For m-sub-frame periodicity, m offset values are possible. For simplicity, the offset is measured relative to a certain reference sub-frame.  An example of the reference sub-frame is the first sub-frame for every four (10ms) radio frames. This is a good reference since it is the smallest common multiple of 2, 4, and 8 (periodicity values).
· Hence, the total number of hypotheses is 2+4+8+1 = 15 hypotheses ( 4-bit signalling
· For spatial multiplexing, RI report is defined relative to the wideband reporting as follows:
· The reporting interval for RI is M times of CQI (M integer). Two values of M are proposed for simplicity: 2 and 5. 
· Similar to the sub-frame offset for CQI reporting, the possible values of offset parameter for the RI (relative to the same reference sub-frame) depend on the CQI periodicity. Since the maximum periodicity is 8 sub-frames, 8 hypotheses are needed. 
· The above nets to  2x8 = 16 hypotheses ( 4-bit signalling for rank configuration indication
· The current system information table also needs to support the configuration for sub-band CQI reporting on PUCCH. The same set of values for periodicity and sub-frame offset can be used. 
· The number of bits required to signal “resource” depends on the maximum total number of PUCCH resources. One resource (in terms of cyclic shift and RB) can be allocated to one UE for all types of report (wideband, sub-band, and RI).
· CQI burst length which is intended for periodic sub-band reporting on PUCCH is not needed since the number of bandwidth parts is unique for a given system bandwidth.

Note that only the periodicity and sub-frame offset parameters apply to periodic reporting on PUSCH. This is because sub-band CQI and RI are contained in each of the periodic reports on PUSCH. However, the set of possible periodicity values may be different since the payload tends to be quite large. 
· It is proposed that only 8ms (8 sub-frames) and OFF are supported. 
· The same set of values for sub-frame offset can be supported. 
A more detailed discussion on PUSCH-based reporting can be found in [6].
4. Conclusion
In this contribution, the remaining open issues on CQI/PMI/RI reporting were discussed. The outcome is summarized in the Table below. The interpretation of each field is given in Section 2 and 3.
Table 2. Revised system information list for CQI reporting

CQI-reporting (revised)
	Parameter
	Size [bits]
	Configuration
	Comment

	Resource
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	Dedicated (RRC)
	Provides information about the PUCCH resource (frequency and cyclic shift) to use for CQI reporting.
The length depends on the maximum number of PUCCH resources = 6 * no. RBs for PUCCH

	Periodicity (NP) and Subframe offset (NOFFSET)
	4
	Dedicated (RRC)
	For periodic wideband CQI/PMI reporting on PUCCH as well as periodic sub-band reporting on PUSCH

	CQI burst length
	TBD
	Dedicated (RRC)
	[Note: This field is not needed]

	CQI format indicator(s) for periodic reporting
	4
	Dedicated (RRC)
	16 formats including periodic reporting on PUCCH, PUSCH, and combination

	CQI format indicator for aperiodic reporting
	3
	Dedicated (RRC)
	7 formats

	Aperiodic reporting validity duration
	1
	Dedicated (RRC) 
	Specifies the duration in which a triggered aperiodic report is valid and overwrites any other periodic reporting

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

	Wideband CQI/PMI/RI configuration indicator on PUCCH
	4
	Dedicated (RRC)
	Provides information about the rank-reporting periodicity (defined relative to the wideband reporting on PUCCH) as well as the potential offset on PUCCH. 

	Sub-band CQI configuration indicator
	4
	Dedicated (RRC)
	Periodicity and sub-frame offset for periodic sub-band CQI reporting on PUCCH
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� If the number of modes corresponding to closed-loop SM is 4 or less, a total of 2 bits are sufficient since this field can be interpreted together with the transmission mode.
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