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1. Introduction

In this document we address two outstanding issues on the definition of CQI and PMI, namely the definition of the CQI reference measurement period and the method for deriving PMI.

2. CQI reference measurement period
The reference measurement period for CQI is still currently undefined in LTE. The following is defined in 36.213:
“Based on an unrestricted observation interval in time and frequency, the UE shall report the highest tabulated CQI index for which a single PDSCH sub-frame with a transport format (modulation and coding rate) and number of REs corresponding to the reported or lower CQI index that could be received in a 2-slot downlink subframe aligned, reference period ending z slots before the start of the first slot in which the reported CQI index is transmitted and for which the transport block error probability would not exceed 0.1.  
Editor’s note: RAN1 needs to agree on z.”
In this document we propose a timing for reference period (i.e. a definition of the value of z).
We note that in WCDMA, the reference period is defined to end 0.667ms before the start of the CQI report transmission itself, to allow time for the UE to process the measurement before reporting it.

In LTE, for aperiodic CQI reported on PUSCH, the time between the end of the reference period and the CQI report transmission is dependent not only on the time required for the UE to process the measurement, but also on the time required to assemble the PUSCH packet into which the CQI report is multiplexed. A futher constraint is that the UE must have time to decode the PDCCH message which requests the CQI transmission. 

This is illustrated below for the worst-case timing advance for a 100km cell:


[image: image1.wmf] 

DL transmission at  eNB

 

subframe 

n

 

DL reception at  UE

 

UL transmission at  UE

 

 Propagation delay

 

  Timing advance

 

subframe 

n

+4

 

subframe 

n

 

subframe 

n

+4

 

subframe 

n

+4

 

containing CQI

 

subframe 

n

+1

 

subframe 

n

+2

 

  0.33ms

 

1.33ms

 

  0.67ms

 

PDCCH con

taining 

CQI request

 


The two possible subframes for the CQI reference period are subframes n+1 and n+2. 

Subframe n+2 is too late for the UE to process the CQI measurement and construct the PUSCH transmission. Subframe n+1 allows 1.33ms to process the CQI measurement and construct the PUSCH transmission. This is quite short for large uplink packets, but not necessarily unfeasible. It still allows at least 0.78ms to decode the PDCCH message containing the CQI request. 

If 1.33ms is not considered long enough to process the CQI measurement and construct the PUSCH transmission, other alternatives could be considered, e.g.:

· delay the PUSCH transmission to subframe n+5 in the case that it contains a CQI report. This would mean that continuous UL data transmission with 8 HARQ processes would not be possible.  Or

· transmit the CQI report in the subframe after the PUSCH transmission corresponding to the PDCCH UL grant. This would mean that the CQI request bit implicitly grants a resource for CQI transmission in subframe n+5 (unless a resource in subframe n+5 was already granted by the PDCCH in downlink subframe n+1. The implicit resource grant could be configured by RRC signalling. 

3. PMI definition
In HSPA, the criterion used by the UE to derive precoding control information is specified as being “the preferred precoding vectors to be applied at Node B to maximise the aggregate transport block size that could be supported under current channel conditions.”

Currently no such definition exists for LTE, and thus there is no means to know what criterion a UE may use for determining PMI. 

We propose to add a similar definition in LTE to that used for HSPA. 
4. Proposals
We propose:

· The reference measurement period for aperiodic CQI reported on PUSCH is defined as downlink subframe n+1 (relative to uplink subframe n+4 in which the CQI report is transmitted). 
If 1.33ms is not considered sufficient for processing the CQI measurement and constructing the PUSCH transmission, one of the other alternatives discussed above should be considered. 

· The same reference measurement period should also apply for periodic CQI. Some further clarification may be needed for frequency selective CQI reported on PUCCH, but that is outside the scope of this document.

· PMI is defined to maximise the aggregate transport block size, in the same way as HSPA.

A text proposal for these issues is appended, which could be developed into a CR if accepted.
5. Proposal for CR to 36.213

7.2.3
Channel quality indicator (CQI) definition

The number of entries in the CQI table for a single TX antenna = 16 as given by Table 7.2.3-1.  
A single CQI index corresponds to an index pointing to a value in the CQI table.  The CQI index is defined in terms of a channel coding rate value and modulation scheme (QPSK, 16QAM, 64QAM),  

Based on an unrestricted observation interval in time and frequency, the UE shall report the highest tabulated CQI index for which a single PDSCH sub-frame with a transport format (modulation and coding rate) and number of REs corresponding to the reported or lower CQI index that could be received in a 2-slot reference period ending at the latest downlink subframe boundary which is received at the UE more than two slots before the start of the first slot in which the reported CQI index is transmitted and for which the transport block error probability would not exceed 0.1.  

The UE may assume the following in calculating the number of REs for the CQI calculation:

· 3 OFDM symbols for control signaling

· No resources reserved for P/S-SCH and P-BCH

· CP length of the non-MBSFN subframe

In deriving the CQI index, the UE may assume

· the MIMO mode (TxD or spatial multiplexing)

· the nominal measurement offset is a parameter semi-statically configurable by higher layers of the data EPRE with respect to the RS EPRE, from which the actual measurement offset of the data EPRE is derived

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


7.2.4
Precoding Matrix Indicator (PMI) definition
For closed-loop spatial multiplexing transmission, precoding feedback is used for channel dependent codebook based precoding and relies on UEs reporting precoding matrix indicator (PMI). A UE shall report PMI based on the feedback modes described in 7.2.1 and 7.2.2.  Each PMI value corresponds to a codebook index given in Table 6.3.4.2.3-1 or Table 6.3.4.2.3-2 of [3], and is calculated to maximise the aggregate transport block size that could be supported under current channel conditions.

For open-loop spatial multiplexing transmission, PMI reporting is not supported.
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