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1. Introduction

Some discussion was held during RAN1#53bis and the following reflector discussion regarding the remaining issues related to periodic CQI reporting on PUCCH. Specifically, RI offset configuration for frequency-selective PUCCH CQI report was discussed. In this contribution we provide some analysis regarding these questions. 
2. On Offset NOFFSET,RI = 0 and -Np for Frequency-Selective PUCCH CQI 
Discussion regarding RI offset NOFFSET,RI=0 and NOFFSET,RI=-NP  was held in for frequency-selective CQI report on PUCCH. Herein NOFFSET,RI is defined as the relative RI reporting offset to the wideband CQI/PMI reporting offset NOFFSET,CQI (in subframes), specified as 
· Wideband report (mode 1-0 and 1-1): 

  NOFFSET,RI = 0, -1, … -(NP-1)

· Frequency-selective report (mode 2-0 and 2-1):   NOFFSET,RI = 0, -1, … - NP
The CQI reporting periodicity NP is defined as
· For WB CQI: reporting interval between two consecutive WB reports
· For WB+SB CQI: reporting interval between two consecutive reports including WB and SB

According to the current working assumption, NOFFSET,RI = 0 is the default value for PUCCH RI report for both WB and FS PUCCH report. This allows CQI-related feedback (including RI/CQI/PMI) to be strictly periodic on PUCCH and thus provides the advantage of simplifying PUCCH reports multiplexing and enabling the network to more easily configure the PUCCH resources between multiple UEs.
In case of collision of RI and WB CQI/PMI (NOFFSET,RI = 0), the WB CQI/PMI is dropped and the subsequent SB CQI will be conditioned on the last reported (undropped) WB PMI and RI (i.e. mode 2-0 and 2-1 [7]). This appears to be based on previous analysis (e.g. [2-5])) that RI and WB CQI(+PMI) vary at a lower rate than other reporting entities (SB CQI), and hence dropping WB CQI is considered less detrimental than dropping SB CQI (in frequency-selective CQI mode). Given the current set of available periodicity (2ms to 160ms), it should be left to eNB implementation (e.g., infrastructure vendors or operators) to choose a reporting periodicity Np to ensure sufficient WB accuracy. Finally, eNB may also trigger a PUSCH-based CQI report if deemed necessary.  
On the other hand, some limitation in the use of offset NOFFSET,RI = - NP is observed. First, the offset –NP is an additional offset for WB+SB which is not supported for WB-only which the baseline and more important PUCCH reporting. Furthermore, the use of –NP is limited even for WB+SB itself. For instance, with offset -NP:

· For 5MHz bandwidth with MRI=1 and K=1, half of the SB reports are always punctured and only WB reports are left. In Figure 1, when MRI=1, K=1, J=2, SB CQI for bandwidth part 2 will always be punctured and it will only have WB CQI report, while bandwidth part 1 have full WB+SB report. This seems to undermine the purpose of frequency-selective (FS) reporting on PUCCH. That is, the SB reports that vary faster than the WB reports are punctured [6]. This seems to be more detrimental than puncturing WB reports unless, of course, the additional gain of SB reports on PUCCH is marginal.
 
[image: image1.emf]Bandwidth part 1

Bandwidth part 2

Bandwidth part 1: WB + SB report

Bandwidth part 2: WB only


Fig. 1
· Since bandwidth part 1 has WB+SB CQI but bandwidth part 2 has only WB CQI, it is more likely for eNB to schedule UEs on bandwidth part 1 but not on bandwidth part 2 (assuming a PF-type scheduler). That is, downlink traffic will be congested on the 1st half of the system bandwidth while the other half bandwidth has less traffic scheduled. This seems less desirable from a spectrum efficiency perspective.
· So far the discussion has been focused on FDD.  For TDD, it is unclear whether removing NOFFSET,RI = 0 and relying only on –NP is sufficient. For certain DL/UL configuration, NOFFSET,RI = -NP may not be mapped to an uplink subframe but mapped to a downlink or special subframe. In this case NOFFSET,RI = 0 may be the only valid RI configuration for PUCCH reporting. An example is given in Figure 2 where MRI = 2, NP = 2, K = 2, J = 1. 
· NOFFSET,RI  = 0:  one WB CQI dropped. The eNB receives RI, subsequent WB and SB CQI, and is able to interpret the CQI for the system bandwidth.
· NOFFSET,RI  = -NP:  RI is mapped to a DL subframe and not received. eNB is not able to interpret the received WB and SB CQI.
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Fig. 2
· Offset NOFFSET,RI = 0, on the other hand, is already supported for WB-only report and should work for the scenarios where offset –NP  does not work, as already pointed out. 
3. Conclusions

Several remaining issues related to periodic CQI reporting on PUCCH are discussed.

· RI offset configuration: If reducing the number of RI offsets is desired for frequency-selective CQI report on PUCCH, it is proposed to remove offset NOFFSET,RI = -NP for frequency-selective CQI report on PUCCH in accordance to the wideband CQI reporting. A companion CR is attached.
-------------------------------------------------- Start draft CR for TS36.213 ---------------------------------------------------------
7.2.2
Periodic CQI/PMI/RI Reporting using PUCCH

……………………………
In the case where RI and both wideband CQI/PMI and subband CQI reporting are configured:

· The reporting instances for wideband CQI/PMI and subband CQI are subframes satisfying 
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 is the system frame number, and 
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 = {0,1,…, 19} is the slot index within the frame, and NOFFSET,CQI is the corresponding wideband CQI/PMI reporting offset (in subframes). 

· The wideband CQI/PMI report has period H*NP, and is reported on the subframes satisfying  
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n

 is the system frame number, and 
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 = {0,1,…, 19} is the slot index within the frame. .The integer H is defined as H=J*K+1, where J is the number of bandwidth parts.

· Between every two consecutive wideband CQI/PMI reports, the remaining J*K reporting instances are used in sequence for subband CQI reports on K full cycles of bandwidth parts. 

· The reporting interval of RI is MRI  times the wideband CQI/PMI period, and RI is reported on the same PUCCH cyclic shift resource as both the wideband CQI/PMI and subband CQI reports.

· The parameter MRI is selected from the set {1, 2, 4, 8, 16, 32, OFF}.

· In case MRI is not OFF, the reporting instances for RI are subframes satisfying 
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 is the system frame number, and 
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n

 = {0,1,…, 19} is the slot index within the frame, NOFFSET,CQI  is the corresponding wideband CQI/PMI reporting offset (in subframes) and NOFFSET,RI is the corresponding relative RI offset to the wideband CQI/PMI reporting offset (in subframes).

· In case of collision between RI and wideband CQI/PMI or subband CQI, the wideband CQI/PMI or subband CQI is dropped.

· The parameters NP, K, MRI, NOFFSET,RI are configured by higher layer. The parameter K is selected from the set {1,2,3,4}, and the parameter NOFFSET,RI is selected from the set {0, -1, …,-( NP -1) }. The periodicity NP and offset NOFFSET,CQI for CQI reporting are configured based on a 9-bit configuration index given in Table 7.2.2-1A.

The following PUCCH formats are used:

· Format 2 as defined in section 5.4.2 in [3] when CQI/PMI or RI report is not multiplexed with ACK/NAK 
· Format 2a/2b as defined in section 5.4.2 in [3] when CQI/PMI or RI report is multiplexed with ACK/NAK for normal CP
· Format 2 as defined in section 5.4.2 in [3] when CQI/PMI or RI report is multiplexed with ACK/NAK for extended CP
Table 7.2.2-1: CQI and PMI Feedback Types for PUCCH reporting Modes

	
	
	PMI Feedback Type

	
	
	No PMI
	Single PMI

	PUCCH CQI                 Feedback Type
	
	
	

	
	Wideband
	Mode 1-0
	Mode 1-1

	
	(wideband CQI)
	
	

	
	
	
	

	
	UE Selected
	Mode 2-0
	Mode 2-1

	
	(subband CQI)
	
	


Table 7.2.2-1A: Mapping of CQI/PMI Configuration Index to NP and NOFFSET,CQI.

	CQI/PMI Periodicity and Offset Configuration Index ICQI/PMI
	Value of NP
	Value of NOFFSET,CQI

	0 ( ICQI/PMI ( 1
	2
	ICQI/PMI

	2 ( ICQI/PMI ( 6
	5
	ICQI/PMI – 2

	7 ( ICQI/PMI ( 16
	10
	ICQI/PMI – 7

	17 ( ICQI/PMI ( 36
	20
	ICQI/PMI – 17

	37 ( ICQI/PMI ( 76
	40
	ICQI/PMI – 37

	77 ( ICQI/PMI ( 156
	80
	ICQI/PMI – 77

	157 ( ICQI/PMI ( 316
	160
	ICQI/PMI – 157

	ICQI/PMI = 317
	OFF
	n/a

	318 ( ICQI/PMI ( 511
	Reserved


For each of the transmission modes defined in Section 7.1, the following reporting modes are supported on PUCCH:

1. Single-antenna port, port 0

: Modes 1-0, 2-0

2. Transmit diversity

: Modes 1-0, 2-0

3. Open-loop spatial multiplexing
: Modes 1-0, 2-0

4. Closed-loop spatial multiplexing
: Modes 1-1, 2-1

5. Multi-user MIMO

: Modes 1-1, 2-1
6. Closed-loop Rank=1, precoding
: Modes 1-1, 2-1

7. Single-antenna port, port 5

:
RI report in a PUCCH reporting mode is valid only for CQI/PMI report on that PUCCH reporting mode.

· Wideband feedback

· Mode 1-0 description:

· In the subframe where RI is reported (only for open-loop spatial multiplexing):

· A UE shall determine a RI assuming transmission on set S subbands.

· The UE shall report a type 3 report consisting of one RI.

· In the subframe where CQI is reported:

· A UE shall report a type 4 report consisting of one wideband CQI value which is calculated assuming transmission on set S subbands.  For open-loop spatial multiplexing the CQI is calculated conditioned on the last reported RI.

· Mode 1-1 description:

· In the subframe where RI is reported (only for closed-loop spatial multiplexing):

· A UE shall determine a RI assuming transmission on set S subbands.
· The UE shall report a type 3 report consisting of one RI
· In the subframe where CQI/PMI is reported:
· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands and conditioned on the last reported RI

· A UE shall report a type 2 report on each respective successive reporting opportunity consisting of 

· A single wideband CQI value which is calculated assuming the use of a single precoding matrix in all subbands and transmission on set S subbands and conditioned on the last reported RI.

· The selected single precoding matrix indicator (wideband PMI)

· When RI>1, a 3-bit wideband spatial differential CQI.

· UE Selected subband feedback

· Mode 2-0 description:

· In the subframe where RI is reported (only for open-loop spatial multiplexing):

· A UE shall determine a RI assuming transmission on set S subbands.

· The UE shall report a type 3 report consisting of one RI.

· In the subframe where wideband CQI is reported:

· The UE shall report a type 4 report on each respective successive reporting opportunity consisting of one wideband CQI value conditioned on the last reported RI. 

· In the subframe where CQI for the selected subbands is reported:

· The UE shall select the preferred subband within the set of 
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 subbands in each of the J bandwidth parts where J is given in Table 7.2.2-2. For open-loop spatial multiplexing, the selection is conditioned on the last reported RI.

· The UE shall report a type 1 report consisting of one CQI value reflecting transmission only over the selected subband of a bandwidth part determined in the previous step along with the corresponding best subband L-bit label. A type 1 report for each bandwidth part will in turn be reported in respective successive reporting opportunities. The CQI represents channel quality across all layers irrespective of the computed or reported RI. For open-loop spatial multiplexing, the selection is conditioned on the last reported RI

· Mode 2-1 description:

· In the subframe where RI is reported:
· A UE shall determine a RI assuming transmission on set S subbands.
· The UE shall report a type 3 report consisting of one RI.
· In the subframe where wideband CQI/PMI is reported:
· A single precoding matrix is selected from the codebook subset assuming transmission on set S subbands and conditioned on the last reported RI.

· A UE shall report a type 2 report on each respective successive reporting opportunity consisting of:

· A wideband CQI value which is calculated assuming the use of a single precoding matrix in all subbands and transmission on set S subbands and conditioned on the last reported RI. 

· The selected single precoding matrix indicator (wideband PMI).

· When RI>1, and additional 3-bit wideband spatial differential CQI.

· In the subframe where CQI for the selected subbands is reported:
· The UE shall select the preferred subband within the set of Nj subbands in each of the J bandwidth parts where J is given in Table 7.2.2-2 conditioned on the last reported wideband PMI and RI.

· The UE shall report a type 1 report per bandwidth part on each respective successive reporting opportunity consisting of:

· A single CQI value 1 reflecting transmission only over the selected subband of a bandwidth part determined in the previous step along with the corresponding best subband L-bit label conditioned on the last reported wideband PMI and RI.

· If RI>1, an additional 3-bit spatial differential CQI represents the difference between CQI value 1 for codeword 1 and CQI value 2 for codeword 2 assuming the use of the most recently reported single precoding matrix in all subbands and transmission on set S subbands. 

Table 7.2.2-2: Subband Size (k) and Bandwidth Parts (J) vs. Downlink System Bandwidth
	System Bandwidth 
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	Subband Size k (RBs)
	Bandwidth Parts (J)

	
	
	

	6 – 7
	(wideband CQI only)
	1

	8 – 10
	4
	1

	11 – 26
	4
	2

	27 – 63
	6
	3

	64 – 110
	8
	4


The corresponding periodicity parameters for the different CQI/PMI modes are defined as:
· 
[image: image14.wmf]P

N

 is the periodicity of the sub-frame pattern allocated for the CQI reports in terms of subframes were the minimum reporting interval is 
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· 
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is the subframe offset

A UE with a scheduled PUSCH allocation in the same subframe as its CQI report shall use the same PUCCH-based reporting format when reporting CQI on the PUSCH unless an associated PDCCH with scheduling grant format indicates an aperiodic report is required.

Table 7.2.2-3: PUCCH Report Type Payload size per Reporting Mode
	PUCCH Report Type
	Reported
	Mode State 
	PUCCH Reporting Modes

	
	
	
	Mode 1-1
	Mode 2-1
	Mode 1-0
	Mode 2-0

	
	
	
	(bits/BP)
	(bits/BP)
	(bits/BP)
	(bits/BP)

	1
	Sub-band

CQI
	RI = 1
	NA
	4+L
	NA
	4+L

	
	
	RI > 1
	NA
	7+L
	NA
	4+L

	2
	Wideband CQI/PMI
	2 TX Antennas RI = 1
	6
	6
	NA
	NA

	
	
	4 TX Antennas RI = 1
	8
	8
	NA
	NA

	
	
	2 TX Antennas RI > 1
	8
	8
	NA
	NA

	
	
	4 TX Antennas RI > 1
	11
	11
	NA
	NA

	3
	RI
	2-layer spatial multiplexing
	1
	1
	1
	1

	
	
	4-layer spatial multiplexing
	2
	2
	2
	2

	4
	Wideband CQI
	RI = 1
	NA
	NA
	4
	4


-------------------------------------------------- Stop draft CR for TS36.213 --------------------------------------------------
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